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Exertional gastro-oesophageal reflux: a mechanism for symptoms
in patients with angina pectoris and normal coronary angiograms

P M SCHOFIELD, D H BENNETT, P J WHORWELL, N H BROOKS, C L BRAY,
C WARD, P E JONES

Abstract

During 24 hour oesophageal pH monitoring 52 patients who had
angina pectoris and normal coronary angiograms underwent
exercise testingas far as their symptoms allowed, on a treadmill
to determine whether gastrb-oesophageal reflux occurred during
exertion. In 11 patients the 24: hour oesophageal pH score
was abnormally high; 10 of these showed exertional gastro-
oesophageal reflux, and in nine this was associated with their
usual chest pain. A further 13 patients had a normal 24 hour
pH score but had exertional reflux coincident with chest pain
during exercise testing. The mean lower oesophageal sphincter
pressure in both of 'these groups of patients was appreciably
lower than that in 28 patients who had a normal 24 hour pH score
and no exertional reflux.
These findings suggest that exertional gastro-oesophageal

reflux accounts for the symptoms of a large proportion ofpatients
who have angina pectoris and normal coronary angiograms and
that oesophageal pH monitoring during exercise testing on a
treadmill enables this group of patients to be identified.

Introduction

Among patients referred for selective coronary angiography because
of chest pain 10% to 30% are found to have either normal coronary
arteries or only minor narrowing of the coronary lumen. 1-3 Between
18% and 76% of patients who have "angina pectoris and
normal coronary angiograms" have oesophageal dysfunction,
including abnormal gastro-oesophageal reflux and oesophageal
motility disorder.8

It is impossible to be certain, however, that the chest pain is due
to an oesophageal disorder unless the oesophageal abnormality has
been shown to occur simultaneously with the symptoms. Further-
more, many previous studies of oesophageal function in patients
who have "angina pectoris and normal coronary angiograms" have
included a large proportion of patients who have atypical chest pain
(>50% in the series of Dart et al5 and de Caestecker et aP) and
patients who had not been shown to have entirely normal coronary
angiograms (60% in the series of Brand et aP and 40% in that of de
Caestecker et aP).

In this study we assessed the intraoesophageal pH, including the
response during exercise testing on a treadmill, in 52 patients
who had typical angina pectoris and completely normal coronary
angiograms.
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Patients and methods

We studied 52 consecutive patients-aged 30-68 (mean 46) (31 women, 21
men) who had been referred to the regional cardiac unit at Wythenshawe
Hospital over 15 months. All of the patients complained of recurrent
exertional chest pain that was typical ofangina pectoris in its site, character,
and- distribution.9 Selective coronary angiograms, taken from several
projections, were reviewed by at'least three experienced observers and
confirmed to be completely normal.

Oesophagogastroduodenoscopy was performed in all patients by an
experienced endoscopist, and biopsy samples from the lower oesophagus
were obtained. The patients also underwent 24 hour monitoring of
ambulatory intraoesophageal pH. A glass pH electrode (Microelectrodes
Inc, type MI-506) under fluoroscopic control was positioned 5 cm above
the gastro-oesophageal junction. After the electrode had been calibrated
recording was started with an ambulatory pH recorder unit (Lectromed Ltd,
type 5150), and a permanent tracing was obtained with the pH replay unit
(Lectromed Ltd, type 5151). In addition, on a different occasion, all of the
patients underwent oesophageal manometry with an Arndorfer hydraulic
capillary infusion system linked to a Lectromed multichannel pen recorder.
Only the lower oesophageal sphincter pressure measurements are reported
here, though the remaining data will be published elsewhere.
Treatment with all drugs was stopped 48 hours before, and during, these

investigations. The patients' activities during pH monitoring were not
restricted except that they were not allowed to eat or drink fruit or fruit based
drinks. The patients were provided with a diary card to record the times of
any symptoms and of eating, drinking, going to bed, and getting up. An
event marker was activated at these times.

During oesophageal pH monitoring the patients underwent exercise
testing, as far as their symptoms allowed, on a treadmill with the standard
Bruce protocol to determine whether exertional gastro-oesophageal reflux
(pH <4) occurred. The beginning and end of exercise were recorded with
the event marker. The development of at least 1 mm horizontal or
downsloping ST segment depression or at least 2 mm upsloping ST
depression from resting values at 0-08 second after the J point was
considered to be abnormal.'0

Using six points from the 24 hour oesophageal pH record we calculated a
"score" as described by Johnson and DeMeester." This was the proportion
of time that the oesophageal pH was less than 4 during the whole recording
and also the proportion of time when the patient was in the supine and
upright positions, the total number of reflux episodes, the number of
episodes of longer than five minutes' duration, and the duration of the
longest reflux episode. A score greater than 21-3 was considered to be
abnormal." The number of episodes of chest pain associated with gastro-
oesophageal reflux and the number not associated with reflux during the 24
hours were also determined.

Statistical analysis examined the group differences with t tests and analysis
of variance. Proportions were compared with the x2 test. When we analysed
the number of episodes of chest pain associated and not associated with
gastro-oesophageal reflux the data that we used were counts of discrete
events, so had a theoretical Poisson distribution. The data were transformed
into a normal distribution by adding one to each observation and taking
natural logarithms. A series of mathematical models was then fitted to the
transformed data to investigate the relation among episodes of chest pain,
gastro-oesophageal reflux, and patient group. The variables of each model
were estimated by the method of maximum likelihood with the GLIM
statistical computer package. 12 The results obtained from fitting the models
were converted into a table ofstandard analysis of variance.

Results
Eleven patients had an abnormally high 24 hour oesophageal pH score"

(group I). Nine of these showed gastro-oesophageal reflux during exercise
testing on the treadmill that was associated with their usual chest pain, one
patient had reflux not associated with chest pain, and one patient had chest
pain not associated with reflux. A further 13 patients had a normal 24 hour
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pH score but experienced chest pain coincident with gastro-oesophageal
reflux during exercise testing (group II). The figure shows two examples.
Twenty eight patients had a normal 24 hour pH score and did not have

gastro-oesophageal reflux during exercise testing (group III) (table I). The
24 patients in groups I and II were considered to have gastro-oesophageal
reflux disease. There was no significant difference in age or sex between the
patients in groups I and II (mean (SD) age 45-5 (7 9) years, 10 men and 14
women) and the patients in group III (46-5 (8-7) years, 11 men and 17
women).
The mean 24 hour oesophageal pH score of the patients in group I was

greater than that of the patients in group II and of the patients in group III.
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TABLE III-Symptoms andST segment response during exercise testing on treadmill

Groups I and II Group III
(n=24) (n=28)

ST segment response:
Abnormal 9 14
Normal 15 14

Chest pain on treadmill:
Yes 23* 16
No 1* 12

* Significantly different from group III (p<0-01).
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Above: Intraoesophageal pH recording before, during, and after exercise testing on treadmill (duration 10 minutes) showing gastro-oesophageal reflux (pH <4) during
exercise. Event marker (M) was activated on occasions indicated. Below: intra-oesophageal pH recording showing prolonged episode of gastro-oesophageal
reflux (pH <4 for 10 minutes) during exercise testing on treadmill and several other brief episodes.

TABLE i- Chest pain and gastro-oesophageal reflux during exercise testing on treadmill

Group I Group II Group III
(n=11) (n= 13) (n=28) Total

No chest pain, no reflux 0 0 12 12
Chest pain, no reflux 1 0 16 17
No chest pain, reflux 1 0 0 1
Chest pain, reflux 9 13 0 22

The mean scores of the patients in group II and of the patients in group III,
however, were similar (table II). The patients in group II therefore showed
gastro-oesophageal reflux induced by exercise but did not show appreciable
reflux during periods of inactivity. The mean lower oesophageal sphincter
pressure of the patients in group III was significantly greater than that ofthe
patients who had gastro-oesophageal reflux disease (p<OOl). There was no
significant difference, however, in the lower oesophageal sphincter pressure
between the patients in group I and the patients in group II (table II).
Macroscopic and microscopic evidence of oesophagitis was found in six
patients (55%) in group I, five patients (38%) in group II, and one patient
(4%) in group III. In addition, one patient in group II and two patients in

TABLE ii-Lower oesophageal sphincter pressure and 24 hour pH score. Values are
means (95% confidence intervals)

Group I Group II Group III
(n=11) (n= 13) (n=28)

24 Hour oesophageal pH score* 94-2 12-0 13-9
(53 4 to 135-0) (9-4 to 14-6) (1 1-4 to 16-4)

Lower oesophageal sphincter pressure
(mm Hg) 14-3 11-2 21-8t

(11-0 to 17-6) (9-2 to 13-2) (19-5to24-1)

* Upper limit of normal=21-3.
t Significantly different from group I and group II (p<0-01).

group III had microscopic evidence of oesophagitis but not macroscopic
evidence.

During exercise testing on the treadmill nine patients (38%) (four men,
five women) from groups I and II showed an abnormal ST segment response
compared with 14 patients (50%) (six men, eight women) from group III; the
difference was not significant (table III). Twenty three patients (96%) from
groups I and II, however, experienced their usual chest pain during exercise
testing compared with only 16 patients (57%) from group III (X2= 10-3,
df= 1, p<0-01) (table III).

TABLE IV-Symptoms during 24 hour oesophageal pH monitoring. Values are means
(95% confidence intervals)

Group I Group II Group III
(n=11) (n= 13) (n=28)

Total No of episodes ofchest pain 3100* 3-12* 1-34*
(2-13 to 4- 10) (2-43 to 3-94) (0-88 to 1-92)

Associated with gastro-oesophageal
reflux 2-54 2-30 0-15

(1-76 to 3-56) (1-75 to 2-97) (0 to 0-32)
Not associated with gastro-

oesophagealreflux 0-37 0-68 1-17
(0-10to0-70) (0-31 to 1 17) (0-76 to 1-68)

* Geometric mean.

The number of episodes of chest pain associated with gastro-oesophageal
reflux experienced by the patients in group I and group II was significantly
greater than the number not associated with reflux (p<OOl) (table IV). By
contrast, chest pain associated with reflux occurred only occasionally in the
patients in group III, and the number of episodes was significantly lower
than the number not associated with reflux (p<0-Ol). In addition, the total
number of episodes of chest pain during oesophageal pH monitoring
experienced by group III was significantly lower than the total number
experienced by both group I and group II (p<0-01) (table IV). Several brief
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episodes of gastro-oesophageal reflux that were not associated with any
symptoms occurred in patients from each of the three groups.

Discussion

Patients who have angina pectoris and normal coronary angio-
grams are a common clinical problem."13 There have been several
studies examining oesophageal m-otility in patients who have chest
pain unconnected with the heart,4 13-16 but to our knowledge
only two of them monitored distal oesophageal pH.6" Though
oesophageal abnormalities have been shown in many of these
patients, it has proved- difficult to establish a temporal relation
between the symptoms and the abnormality.4 The use of intra-
venous edrophonium has been proposed as the most useful and
safest technique for inducing the simultaneous occurrence of
symptoms and oesophageal dysmotility.'7 18

DeMeester et al showed abnormal gastro-oesophageal reflux
during 24 hour pH monitoring in 23 (46%) of 50 patients who had
angina pectoris and normal coronary angiograms.6 de Caestecker et
al found abnormal reflux in 14- (47%) of 30 patients who had
"unexplained chest pain," but fewer than 60% of their patients had
normal coronary angiograms and more than 50% had atypical chest
pain.8 All of the patients in our series had entirely normal coronary
angiograms and described typical angina pectoris. Eleven patients
(21%) were found to have abnormal gastro-oesophageal reflux
during 24 hour monitoring, and 10 of these showed gastro-
oesophageal reflux during exercise testing on the treadmill. A
further 13 patients who had a normal 24 hour pH score showed
exertional reflux associated with chest pain during exercise testing.
Thus of 23 patients (44%) in this series who had reflux on exertion,
22 had the condition simultaneouslywith chest pain. The occurrence
of gastro-oesophageal reflux during exercise testing has not been
assessed previously in a large group ofpatients, though it was shown
in three of eight patients reported by DeMeester et al.' Thorpe also
showed exertional gastro-oesophageal reflux in three ofnine patients
who had angina and normal coronary arteriograms.'9
Of the 23 patients found to have abnormal gastro-oesophageal

reflux by DeMeester et al,6 only 13 experienced chest pain during
the study, and in 12 this was associated with an episode of reflux.
Our results suggest that exercise testing on the treadmill is a useful
"stress test" for gastro-oesophageal reflux, as 91% of our patients
who had an abnormal 24 hour pH score showed reflux during
exercise testing. In addition to these patients, who had gastro-
oesophageal reflux during -exercise and rest, there was a further
group of patients in whom reflux was induced by exercise, though
reflux tended not to occur during periods of inactivity. We found
that in both groups of patients the mean resting lower oesophageal
sphincter pressure was less than that in patients who did not have
gastro-oesophageal reflux disease.

Electrocardiographic changes and angina pectoris have been
shown when acid is instilled into the oesophagus.20 21 We found an
abnormal ST segment response to exercise in 38% of the patients
who had gastro-oesophageal reflux disease and in half of those who
did not have reflux. The recent finding of Davies et al that
oesophageal stimulation reduces the exertional angina threshold in
patients who have coronary artery disease2 underlines the close
relation between the heart and the oesophagus and may be relevant
to patients who have mild coronary artery disease (<30% reduction
of intraluminal diameter),23 many of whom have been included in
previous studies of chest pain unconnected with the heart.'23
Sixteen of the 28 patients in the present study who did not have
gastro-oesophageal reflux disease experienced chest pain during
treadmill testing. The cause of their symptoms may be left

ventricular dysfunction, which has been shown in patients who have
angina pectoris and normal coronary arteries.24
The results of this study suggest that oesophageal pH monitoring

during exercise testing on the treadmill should be performed in
patients who have angina pectoris and normal coronary angiograms.
This procedure identifies patients who have gastro-oesophageal
reflux on exertion coincident with chest pain but have otherwise
normal results of oesophageal pH studies, and it also may confirm
the association between symptoms and reflux in patients who have
abnormal results ofpH studies. Oesophageal pH monitoring during
exercise testing identified 23 of the 24 patients in this study who
had angina pectoris related to gastro-oesophageal reflux disease,
suggesting that 24 hour monitoring may not be necessary when
investigating such patients. DeMeester et al showed that patients
who had chest pain coincident with reflux responded positively to
antireflux treatment, both medical and surgical.6 The response to
treatment ofpatients in the present study, however, has not yet been
determined.

We thank MrsM Rooney for preparing the manuscript and Mrs J Clarke,
Miss R Dodd, and Mrs D Massey for their help with the oesophageal
investigations. This work is part ofa study which will be submitted by PMS
to the University of Manchester for the MD degree.
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