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Abstract
Objectives-To investigate the associa-
tion between exertional chest pain and
gastroesophageal reflux in patients with
normal coronary angiograms and in con-
trols by measuring oesophageal pH dur-
ing treadmill exercise tests and to
compare the results with routine ambula-
tory monitoring.
Design-Case control study.
Setting-Tertiary referral cardiac unit.
Patients-50 consecutive patients with
chest pain and completely normal coro-
nary angiograms and 16 controls with
coronary artery stenoses.
Main outcome measures-Episodes of
acid reflux and chest pain during tread-
mill exercise; a symptom index express-
ing the percentage of episodes of pain
related to acid reflux during ambulatory
monitoring.
Results-Four (8%) patients and two
(12%) controls had reflux during tread-
mill exercise (NS). 32 (64%) and 16
(100%) reported chest pain, but only
three (6%) and two (12%) had coincident
reflux (NS). Reflux was as frequent
before, during, and after treadmill exer-
cise (five (8%) v six (9%) v two (3%/0)) in
the 66 subjects; (NS). 19 (38%) patients
and three (19%) controls had abnormal
reflux on ambulatory monitoring (NS).
Eight (16%) and three (19%) had a symp-
tom index > 50%, but six and two ofthese
reported pain without coincident reflux
during treadmill exercise.
Conclusion-There are many potential
causes of chest pain in patients with
angiographically normal coronary arter-
ies. Although gastroesophageal reflux is
commonly implicated and many patients
have a high incidence of spontaneous
reflux during ambulatory monitoring, it

rarely occurs during exertion and the
association with chest pain is poor.

(Br HeartJ' 1994;72:231-236)

Normal or near normal coronary anatomy is
found in up to 20% of patients undergoing
coronary angiography for the investigation of
exertional chest pain.'2 Although long term
survival is excellent, many patients have
persistent symptoms despite reassurance
and hence represent a continuing drain on
resources.'-5 The mechanism giving rise to the
pain, which is unlikely to be unitary, contin-
ues to be debated. Although there is increas-
ing evidence of microvascular angina in
selected patients," in clinical practice non-
cardiac causes are likely to be more prevalent.5

Gastroesophageal reflux is commonly
implicated as the cause,"" but is typically
associated with pain at rest or in relation to
changes in posture. Although reflux during
exercise may occur,'2 13 only a few studies have
investigated its association with chest pain.
Schofield et al reported an association in 44%
of patients, but the study was uncontrolled
and the methods used to measure
oesophageal pH are open to criticism.'4 Other
studies have involved only small numbers of
patients and have produced conflicting
results 11-17

Our study was designed to investigate the
association between chest pain and gastroe-
sophageal reflux during treadmill exercise
tests, and to compare this with ambulatory
monitoring. A large consecutive series of
patients with normal angiograms was studied
with standard methods to measure
oesophageal pH, and the results were com-
pared with a small group of controls with
ischaemic chest pain.

Table 1 Demographic data

Patients (n = 50) Controls (n = 16) P value

Mean (range) age (yr) 53 (32-72) 58 (48-70) NS
Sex (M/F) 20/30 12/4 < 0 05
Mean (SD) duration of symptoms (yr) 3-4 (4-3) 4-3 (5-2) NS
Frequency of symptoms:

Daily (n (%)) 26 (52) 6 (38) NS
Weekly (n (%)) 19 (38) 5 (31) NS

Current smoker (n (%)) 9 (18) 3 (19) NS
Diabetes mellitus (n (%)) 1 (2) 0 NS
Blood pressure > 160/95 mm Hg (n(%)) 1 (2) 5 (31) < 0 05
Heartburn (n (%)) 20 (40) 6 (38) NS

Current smoker defined as smoling > 5 cigarettes/day in past year.

Patients and methods
PATIENTS
Between March 1990 and April 1991, out of
1022 patients in whom coronary angiography
was performed for the diagnosis of new chest
pain at Guys' Hospital, 84 (8'2%) had com-
pletely normal anatomy. Of these, 50 patients
(table 1) whose principal complaint was exer-
tional pain were recruited after exclusion of
mitral valve prolapse (three patients), left
ventricular hypertrophy (four patients), previ-
ous myocardial infarction (five patients), and

231

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.72.3.231 on 1 S
eptem

ber 1994. D
ow

nloaded from
 

http://heart.bmj.com/


Cooke, Anggiansah, Smeeton, Owen, Chambers

abnormalities of resting wall motion on
echocardiography as assessed by eye (five
patients). A further nine patients reported
pain at rest only, one was unable to exercise,
and seven declined further investigation. All
coronary angiograms were reported by two
experienced cardiologists before entry into the
study. Only patients whose coronary arteries
were completely normal were included.

Sixteen patients with angina associated
with ST segment depression and obstructive
coronary artery disease (>70 % luminal diam-
eter stenosis of at least one major epicardial
artery by visual assessment) were recruited as
controls (table 1). All had stable symptoms,
and none had disease of the proximal left
anterior descending artery or left main stem.
Two had involvement of a single major epi-
cardial artery only, and the remainder had
either two or three vessel disease.
No patient or control was taking regular

medication for acid reflux, or had been previ-
ously assessed by a gastroenterologist. All
medication was stopped at least 48 hours
before, and was omitted during the study
period. The study was approved by the hospi-
tal's ethics committee and written informed
consent was obtained.

METHODS
Oesophageal tests
Oesophageal tests were performed after a four
hour fast. The lower oesophageal sphincter
was located manometrically by the station pull
through technique with a 2-5 mm diameter
probe (Gaeltec, Scotland) with six catheter
mounted microtransducers spaced at 5 cm
intervals from the tip. The probe was with-
drawn from the stomach in 1 cm stages and
the upper limit of the lower oesophageal
sphincter was marked by its distance from the
outside nares. An average of four measure-
ments was taken. Sphincteric pressure was
measured in a standard way. 18
A smaller (2a1 mm external diameter)

probe for ambulatory pH monitoring was
then substituted. This contained a distal
monocrystalline antimony pH sensor
(Synectics) that was positioned 5 cm cephalad
to the upper margin of the lower oesophageal
sphincter. An external cutaneous electrode
was used for reference, and changes in distal
oesophageal pH were recorded on a portable
solid state recorder (Synectics digitrapper)
that was strapped around the subject's waist.
The system was calibrated at pH 1 0 and 7 0
(Synectics buffer solution) before insertion,
and gastric acidity confirmed by passing the
probe into the stomach before its final place-

Table 2 Exercise data

Variable Patients Controls P value

Mean (SD) exercise duration (min) 8-9 (2 7) 6-4 (2-5) 0-002
Mean (SD) HRBP at rest (beats/min. mm Hg. 103) 11-3 (2 6) 11-3 (3-5) NS
Mean (SD) HRBP peak (beats/min. mm Hg. 103) 27-4 (7 2) 24-1 (6 8) NS
Chest pain (n (%)) 32 (64) 16 (100) <0-005
Exercise electrocardiogram:
ST depression >0 10 mV (n (%)) 10 (20) 15 (94) <0-001
LBBB (n (%)) 3 (6) 1 (6) NS

HR, heart rate; BP, blood pressure; LBBB, left bundle branch block.

ment above the lower oesophageal sphincter.
The probe was secured by tape to the outside
nostril.
A diary card and an event marker button

were used to record the time of onset of symp-
toms that occurred spontaneously during the
24 hour ambulatory monitoring period. The
event marker was also pressed before and after
treadmill exercise. Alcohol, food, and bever-
ages with pH values <5 were avoided, but
otherwise subjects were unrestricted.

Exercise tests
Treadmill exercise tests were performed dur-
ing ambulatory oesophageal pH monitoring.
Subjects were asked to sit upright for 10 min-
utes before exercise tests so that the incidence
of gastroesophageal reflux at rest could be
compared with exercise. Nine (16%) patients
and nine (57%) controls were postprandial
(within two hours of a meal). A standard
Bruce protocol was used during which all sub-
jects were asked to walk rather than run, and to
report the occurrence of any symptoms.
Exercise was voluntary and maximal.
Significant ST segment depression was
defined as planar or downsloping ST segment
depression of >0 1 mV occurring 80 ms after
the J point and present on three consecutive
beats.

DATA ANALYSIS
The stored data were transferred from the
digitrapper to an IBM compatible personal
computer for graphical display and numerical
analysis with commercially available software
(Esophogram Ver 5-5, Gastrosoft, Dunvegan,
Scotland). Every record was visually checked
to exclude artifact. A reflux episode was
defined as any fall in distal gastroesophageal
pH below a threshold of pH 4 for more than
10 seconds. Abnormal reflux during 24 hour
ambulatory monitoring was present where
oesophageal pH was < 4 for more than 5.5%
of the study period.19 The number of patients
who experienced a reflux episode, the per-
centage time oesophageal pH was below a
threshold ofpH 4, and the minimum pH were
compared in the rest, exercise, and recovery
periods.
A symptom index for episodes of chest pain

occurring spontaneously other than during
treadmill tests was expressed. This was calcu-
lated for each subject by dividing the number
of episodes of pain that were temporally
related to gastroesophageal reflux by the total
number of episodes of pain.20 A temporal rela-
tion was defined where chest pain occurred
either within two minutes of a reflux episode,
or if reflux occurred during the first two min-
utes of the onset of chest pain. A symptom
index of 50% or more suggests that gastro-
esophageal reflux is a likely cause of symp-
toms.21 22

STATISTICS
Thex2 and Fisher exact tests were used to
compare independent discrete variables, and
Student's two tailed t test was used to com-
pare continuous variables. The percentage
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Table 3 Reflux and chest pain data

Patients Controls P value
(n = 50) (n = 16) (X2 test)

Abnormal reflux (n (%)) 19 (38) 3 (19) NS
Reflux during treadmill exercise (n (%)) 4 (8) 2 (12) NS
Chest pain during treadmill exercise (n (%)):
With reflux 3 (6) 2 (12) NS
Without reflux 29 (58) 14 (88) NS

Chest pain during ambulatory monitoring (n (%)):
Symptom index >50% 8 (16) 2 (12) NS
Symptom index <50% 21 (42) 5 (31) NS

time oesophageal pH was <pH 4 and the min-
imum pH were compared at rest, during exer-
cise, and in recovery by Friedman's two way
analysis of variance, and the proportion of

patients who had reflux in each period by the
Cochran Q test. A P value <0 05 was
considered statistically significant.

Results
Table 2 shows the exercise data. Four (8%)
patients and two (12%) controls had reflux
during treadmill exercise (NS). Thirty two
(64%) and 16 (100%) reported chest pain,
but only three (6%) and two (12%) had coin-
cident reflux (NS, table 3, fig 1). In no patient
or control did oesophageal pH drop more
than 1 pH unit without falling below the
threshold ofpH 4.

Figure 1 Oesophageal
pH recordings during
treadmill exercise tests.
(A) Is an example of chest
pain without, and (B) an
example of chest pain with
coincident reflux. The bar
indicates the exercise
period. In (A) the event
marker was pressed in the
recovery periodfor
confirmation of timing.

Figure 2 Oesophageal
pH recordings in a patient
with normal coronary
anatomy. (A) Chest pain
was coincident with
gastroesophageal reflux
during treadmill exercise.
Note, however, that an
episode of asymptomatic
reflux occurred before
treadmill exercise. (B) A
spontaneous episode of
chest pain during 24
ambulatory monitoring was
temporally related to an
episode of reflux. The
symptom index was 100%.
The bar indicates the
exercise period in (A).
P onset ofpain in (B).

8

7

6

5

4

3

2

1'

8

7

6

5

4

3

233

1

1

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.72.3.231 on 1 S
eptem

ber 1994. D
ow

nloaded from
 

http://heart.bmj.com/


Cooke, Anggiansah, Smeeton, Owen, Chambers

Table 4 Reflux variables 10 minutes before (at rest), during exercise, and 10 minutes
after (recovery) treadmill tests of50 patients and 16 controls combined

Rest Exercise Recovery
(n = 66) (n = 66) (n = 66) P value

With reflux (n (%)) 5 (8) 6 (9) 2 (3) NS*
Percentage time pH < 4 0-65 (2 76) 2 22(9 43) 2-71 (15-34) NSt

(mean (SD))
Minimum pH (mean (SD)) 5-61 (1-20) 5-55 (1-13) 5-61 (1-02) < 0-0001t

*P > 0 5; Cochran's Q test 1-56, DF 2.
tFriedman two way analysis of variance.

The proportion of patients and controls
who had reflux before, during, and after
treadmill exercise was similar (table 4, fig 2).
The percentage time that oesophageal pH was

below pH 4 was greater during and after,
compared with before exercise, but the
differences were not significant (table 4). The
minimum recorded pH was 0-15 pH units
less during, compared with before exercise
(P < 0.0001, table 4).
None of the patients or controls who had

reflux during treadmill exercise were post-
prandial. Their resting lower oesophageal
sphincteric pressure was significantly lower
than in those who had no reflux on exercise
tests (mean (SD) 6-2 (1.5) v 8-4 (3 2) mm
Hg, P = 0-048: 95% CI 0 to 4). The mean

(SD) intra-abdominal oesophageal length was
1-9 (0 7) for those with no reflux and 1-8
(0 5) cm for those with reflux (NS).

COMPARISON WITH AMBULATORY MONITORING
Eight (16%) patients and three (19%) con-
trols had a symptom index >50% (table 3),
but six and two of these reported chest pain
without coincident reflux during treadmill
tests. Only one patient and one control had
both coincident reflux and a symptom index
> 50% (fig 2).
Nineteen (38%) patients and three (19%)

controls had abnormal reflux (NS). Every
patient, and one of two controls who had
reflux during treadmill exercise had abnormal
reflux. A similar proportion of patients with
abnormal, compared with normal reflux
reported chest pain during treadmill exercise
(15 out of 19 (80%) v 17 out of 31 (55%);
NS).

IMPORTANCE OF AN ABNORMAL EXERCISE
ELECTROCARDIOGRAM
Patients with, and without significant ST seg-
ment depression or left bundle branch block
on their exercise electrocardiogram, showed
no significant differences in the proportion
with abnormal reflux (four (31%) v 15
(41%)), coincident reflux during treadmill
testing (none v three (8%)) or a symptom
index > 50% (two out of five (40%) v six out
of 24 (25%) patients with chest pain during
monitoring).

Discussion
Gastroesophageal reflux may produce pain
that is confused with angina,2' 24 or even pro-
voke angina by causing a reflex fall in coro-

nary blood flow.25 Although we found that

spontaneous reflux was common during
ambulatory monitoring both in patients with
normal coronary angiograms and also in a
small number of ischaemic controls, it was
rarely associated with pain during exercise.
Thus 32 (64%) patients and 16 (100%)
controls reported pain during routine tread-
mill exercise tests, but only three patients
(6%) and two controls (12%) had coincident
reflux. Moreover, as many patients experi-
enced reflux before as during and after
exercise tests.

COMPARISON WITH PREVIOUS STUDIES
DeMeester et al and Thorpe both reported
anecdotally that gastroesophageal reflux could
occur during treadmill tests.15 16 Schofield et al
reported gastroesophageal reflux in 23 out of
52 (44%) patients with normal coronary
arteries.14 This coincided with the onset of
chest pain in all but one. By comparison,
despite a higher proportion of patients with
abnormal reflux on 24 hour ambulatory mon-
itoring in our study group compared with that
of Schofield et al (38% v 21%), reflux during
treadmill exercise occurred in only four (8%).

It is unlikely that we failed to detect signifi-
cant exertional gastroesophageal reflux in
these patients. Oesophageal pH was sampled
every four seconds and the response time was
less than two seconds. The pH sensor was
carefully positioned 5 cm above the manomet-
rically determined lower oesophageal sphinc-
ter. This is an accepted and well validated
method.26 But in the study by Schofield et al,
the location of the pH sensor was determined
by fluoroscopy. This will result in variable
probe positions above the sphincter or even
below it in the stomach if the patient has a
hiatal hernia.27 The closer the pH sensor is to
the lower oesophageal sphincter the greater
the amount of reflux that is detected.'8 But if
the sensor is positioned <5 cm above the
sphincter there is at least a theoretical risk of it
prolapsing into the stomach and producing a
spurious fall in pH.28

In agreement with our findings and with
similar methods Lehman and Farris studied
21 patients with normal coronary angiograms
and found no instances of gastroesophageal
reflux during treadmill exercise tests despite
the presence of abnormal gastroesophageal
reflux in most cases as shown by other
manoeuvres.'7

Gastroesophageal reflux has been shown to
be provoked by vigorous exercise in healthy
young volunteers.1213 All our patients were
instructed to walk to avoid the potentially
confounding influence of more vigorous exer-
cise. The finding that reflux was as frequent
before, as during and after exercise suggests
that treadmill exercise was not a cause of acid
reflux. Although the mean percentage dura-
tion that oesophageal pH was below pH 4 was
higher during exercise and in recovery than in
the rest period, the absolute differences were
small (NS). There was, however, a significant
fall in oesophageal pH during exercise, but
this again was small and within experimental
error.
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RELEVANCE OF ACID REFLUX IN CONTROLS
The finding of a temporal relation between
reflux and chest pain during exercise tests in
two controls is open to interpretation. In one of
these, and in another control who did not

have coincident reflux during treadmill tests,

the symptom index was >50%. As all had
symptoms typical of angina associated with
significant ST segment depression, there is lit-
tle doubt that their pain was due to cardiac
ischaemia. There is some evidence that
gastroesophageal reflux may lower the anginal
threshold, and it is therefore possible that
there was an interaction in these cases.29

Alternatively, the association may have been
coincidental.
A higher proportion of controls than study

patients were postprandial during the exercise
tests. Although one might have expected a

higher incidence of reflux in these, than in
fasting subjects,30 in fact reflux was found in
none of the 18 (nine patients, nine controls)
postprandial subjects. The similar incidence
of treadmill reflux in controls therefore cannot

be attributed to a greater proportion who were

postprandial.
The incidence of abnormal reflux during

ambulatory monitoring was less in controls
than study patients (three (19%) v 19 (38%)).
Although it is tempting to interpret this as

suggesting that reflux may be clinically impor-
tant in the group with normal anatomy, the
difference did not attain significance. The
number of controls was small as patients with
coronary artery disease are understandably
reluctant to undergo oesophageal tests where
this is unlikely to be of direct benefit to them.
No conclusion, therefore, should be drawn
about the relative incidence of abnormal
reflux in patients with and without coronary

artery disease.

TEMPORAL CORRELATION
The overall temporal correlation between
chest pain and gastroesophageal reflux was

poor. In only 10 out of 40 (25%) patients who
reported at least one episode of chest pain
during the study period was there either coin-
cident reflux during treadmill exercise, a

symptom index of > 50%, or both. A similar
temporal correlation was found in the small
group of controls. Moreover, most patients
who had a symptom index >50% reported
pain during treadmill exercise without coinci-
dent reflux.
The simultaneous occurrence of chest pain

and gastroesophageal reflux although consis-
tent with a causative relation may still be
explained by chance. Where chest pain occurs

consistently at a time when oesophageal pH is
normal, then despite the presence of abnor-
mal reflux at other times it is reasonable to
conclude that the patient's symptoms are not
due to reflux alone.

The possibility of more complex interac-
tions cannot be ruled out. For instance acid
reflux may sensitise the oesophagus and
reduce the threshold for pain after a time
delay. Of interest, however, patients with
abnormal as opposed to normal reflux were

not more likely to experience chest pain on
treadmill tests. In some patients with an acid
sensitive oesophagus chest pain may be pro-
voked by only minor changes in oesophageal
pH.3132 In no patients, however, did
oesophageal pH drop more than 1 pH unit
during treadmill tests without falling below
the threshold of pH 4 used to define a reflux
episode.

In conclusion, there are many potential
causes of chest pain in patients with angio-
graphically normal coronary arteries.
Although gastroesophageal reflux is com-
monly implicated, reports of its association
with exertional chest pain are based almost
solely on a single uncontrolled study with out-
dated methods. In our study, we used well
validated methods and found a very low inci-
dence of exertional reflux both in patients and
a small number of controls with ischaemic
chest pain. Moreover, reflux was as common
before as during and after exercise, and its
association with pain was poor both during
ambulatory monitoring and exercise tests.
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