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Symptomatic and silent myocardial ischaemia in
hypertensive patients with left ventricular
hypertrophy
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Abstract
Objective-To assess the prevalence of

symptomatic and silent myocardial
ischaemia in patients with hypertensive
left ventricular hypertrophy.
Design-Cross sectional study.
Setting-University department of

medical cardiology.
Patients-90 patients (68 men and 22

women; mean age 57 (range 25 to 79)) with
left ventricular hypertrophy due to essen-
tial hypertension.
Interventions-48 hour ambulatory ST

segment monitoring (all patients), exer-
cise electrocardiography (n = 79), stress
thallium scintigraphy (n = 80), coronary
arteriography (n = 35).
Results-43 patients had at least one

episode of ST segment depression on
ambulatory electrocardiographic mon-
itoring. The median number of episodes
was 16 (range 1 to 84) with a median
duration of 8-6 (range 2 to 17) min. Over
90% of these episodes were clinically
silent. 26 patients had positive exercise
electrocardiography and 48 patients had
reversible thallium perfusion defects
despite chest pain during exercise in only
five patients. 18 of the 35 patients who had
coronary arteriography had important
coronary artery disease. Seven of these
patients gave no history of chest pain.
Conclusions-Symptomatic and silent

myocardial ischaemia are common in
hypertensive patients with left ven-
tricular hypertrophy, even in the absence
of epicardial coronary artery disease.

There is now considerable epidemiological
evidence that hypertensive patients with left
ventricular hypertrophy are at increased risk of
all manifestations of coronary heart disease.`13
Myocardial infarction and stable and unstable
angina are all more common in these patients.
This relation persists even after correction for
the contribution ofhypertension and other risk
factors for atherosclerosis.23 The presence of
electrocardiographic left ventricular hyper-
trophy carries a prognosis similar to that of
electrocardiographic evidence of a previous
myocardial infarction.5

Despite the large number of epidemiological
studies there are few data on the objective
assessment of myocardial ischaemia in
individual patients with hypertensive left ven-
tricular hypertrophy. We have shown

previously that patients with hypertensive left
ventricular hypertrophy may have thallium
perfusion abnormalities or coronary artery dis-
ease and yet be symptom free.6 Because chest
pain was an exclusion criterion for the previous
study, however, the patients were not represen-
tative of all patients with hypertensive left
ventricular hypertrophy. We therefore con-
ducted the present study to assess prevalence of
symptomatic and asymptomatic myocardial
ischaemia in hypertensive patients with left
ventricular hypertrophy attending a hospital
based hypertension clinic and to determine the
best non-invasive method to identify prognos-
tically important coronary artery disease in
these patients.

Patients and methods
We recruited 90 consecutive patients (68 men)
(mean age 57 (range 25 to 79) years) who agreed
to be in the study and fulfilled the following
criteria:
(a) they had essential hypertension-secondary
hypertension was excluded by clinical evalua-
tion, routine biochemical screening, chest x
ray, and, where indicated, intravenous
pyelography.
(b) they had the electrocardiographic pattern of
left ventricular hypertrophy and strain.
The study was approved by the ethics com-

mittee of Glasgow Royal Infirmary. The
patients provided written informed consent for
the invasive procedures and verbal consent for
the non-invasive investigations.

ELECTROCARDIOGRAPHY
Twelve lead electrocardiograms were recorded
with the Glasgow CARE (computer assisted
reporting of electrocardiograms) system.7 For
the purposes of this study left ventricular
hypertrophy and strain were defined as ST
segment depression and T wave inversion of
01 mV or more in I, aVL, V5, or V6 in the
presence of voltage criteria (SV1 + RV5 > 3 5
mV) for left ventricular hypertrophy.

ECHOCARDIOGRAPHY
We assessed the degree of left ventricular
hypertrophy by echocardiography performed
with an Advanced Technology Laboratories
Ultramark 8 mechanical scanner with a 3 MHz
transducer. Left ventricular mass was cal-
culated by an anatomically validated method.8

EXERCISE ELECTROCARDIOGRAPHY
The patients exercised on a Tunturi bicycle

University
Department of
Medical Cardiology,
Royal Infirmary,
Glasgow
S D Pringle
A C Tweddel
W Martin
P W Macfarlane
A R Lorimer
S M Cobbe
Department of
Medical Cardiology,
Stobhill General
Hospital, Glasgow
F G Dunn
University
Department of
Medicine, Royal
Infirmary, Glasgow
J H McKillop
Correspondence to
Dr Stuart D Pringle,
Cardiology Department,
Royal Infirmary, 1 Lauriston
Place, Edinburgh EH3 9YW.
Accepted for publication
12 September 1991

377

 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.67.5.377 on 1 M
ay 1992. D

ow
nloaded from

 

http://heart.bmj.com/


Pringle, Dunn, Tweddel, Martin, Macfarlane, McKillop, Lorimer, Cobbe

ergometer. The workload was increased by 50
W every 3 minutes up to a symptom limited
maximum. At the end of each stage and at
maximum exercise blood pressure was
measured by cuff sphygmomanometer, a
simultaneous 12 lead electrocardiogram was
recorded, and the heart rate was estimated from
the RR interval. We calculated the maximal
oxygen uptake from the maximum load during
the final stage of exercise using nomograms
from normal subjects9 and patients with car-
diovascular disease.'0 The double product was
calculated from the product of systolic pressure
at peak exercise and maximal heart rate.
The exercise electrocardiograms were recor-

ded at a paper speed of 25 mm/s on a Siemens-
Elema Mingocard 3. ST segment depression
was defined as horizontal or down sloping ST
segment depression of O lmV or greater at 80
ms after the J point." In view of the high rate of
electrocardiographic false positives in patients
with resting ST-T wave changes'2 we only
considered additional ST segment depression
of 0-2 mV or more compared with the resting
depression as significant in patients with left
ventricular hypertrophy and strain.'3 The
number of leads showing significant ST seg-
ment depression was also counted. In patients
with abnormal resting electrocardiograms
another method which may be useful is the
measurement of changes in R wave amplitude
during exercise.'2 The amplitudes of the R
waves of five consecutive complexes at rest and
peak exercise were therefore measured, with an
abnormal R wave response defined as one in
which there was no change or an increase in the
amplitude with exercise.'4

AMBULATORY ST SEGMENT MONITORING
Ambulatory electrocardiograms were recorded
for 48 hours with a Medilog II FM recorder
and analysed by an experienced technician
using a computer assisted technique.'5 Two
leads were recorded, CM5 on channel 1 and a
V2 type lead on channel 2. The ST segment
shifts were measured at 80 ms after the J point.
Significant ST depression was defined as
horizontal or downsloping ST depression of
greater than 0.1 mV that persisted for more
than one minute." In our study, the resting
ST-T wave changes of all patients (with left
ventricular hypertrophy and strain) meant that
channel 1 (CM5) would not appear abnormal
under normal circumstances. Therefore the
criteria were modified so that a positive result
was recorded only if there was additional ST
depression ofmore than 0-2mV compared with
the resting changes. In the system used, the
computer analysis provides a minute by minute
trend of the ST segment shifts and this was
scanned manually for periods of ST segment
depression fulfilling the criteria. An episode
was counted only ifST segment depression was
detected by review of these trends and confir-
med on hardcopy printout. The total duration
ofST segment depression was calculated to the
nearest minute from the computer summary.

STRESS THALLIUM SCINTIGRAPHY
Thallium-201 chloride (80 MBq) was injected
at peak exercise via an indwelling antecubital
cannula 30 to 60 s before the end of symptom
limited maximal exercise. Images were
acquired in list mode for 300 s for each
projection and electrocardiographically gated.
Data were acquired in the anterior, 450 left
anterior oblique and 750 left anterior oblique
projections by a mobile gamma camera (Gen-
eral Electric) fitted with a high sensitivity
collimator interfaced to a dedicated computer.
The images were then put into an eight frames
per cycle gated study format representative of
the cardiac cycle. Beats deviating by 20% or
more of the mean RR interval were excluded.
Redistribution images were obtained four
hours later in the same fashion.
The studies were analysed by visual inspec-

tion of the gated study by two experienced
observers. The ventricle was divided into five
segments in each projection. A perfusion defect
was deemed to be present if the predominant
colour in that segment was reduced by at least
two of the 16 colour levels. A reversible per-
fusion defect was defined as one that showed
partial or complete resolution on the redis-
tribution images compared with the post-stress
images.'7 Images that did not change sig-
nificantly were classified as fixed defects.

REPRODUCIBILITY OF INTERPRETATION OF
THALLIUM SCINTIGRAPHY
The intraobserver and interobserver variability
was assessed for 50 of the thallium scans. The
images were reviewed independently by two
observers (SP and WM). Each observer com-
pleted a pre-printed report form representing
the six images from each patient (three
immediately after exercise and three redis-
tribution images). After completion of the
reports the number of regions in which there
was a disagreement was compared firstly bet-
ween the observers and secondly between the
same observer on two different occasions.

In total there were 1500 regions in these 50
patients and a disagreement in perfusion was
present in 33 regions between observers and
in 37 between the first and second review of
the same scan. Thus the interobserver repro-
ducibility was 97-8% and intraobserver
reproducibility was 97 5%.

CORONARY ARTERIOGRAPHY
We considered the desirability of coronary
arteriography for each patient bearing in mind
their age, general health, and coexistent
medical problems. Sixty two patients were
considered suitable and 35 agreed to undergo
coronary arteriography. The remaining 27
patients declined mainly because of a reluc-
tance to be admitted to hospital rather than
anxiety about the procedure. There was no
conscious bias towards recruiting patients with
chest pain for coronary arteriography. Indeed
the patients who did not have invasive invesiga-
tions tended to be older and therefore might
have been expected to have more coronary
artery disease.
The femoral artery was cannulated by the
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Table I Clinical characteristics of the patients

Age (y) 57 (range 25 to 79)
Sex (men:women) 68:22
Angina 21
Previous MI 5
SBP (mm Hg) 155 (28)
DBP (mm Hg) 89 (15)
Duration ofHT (y) 7-4 (8.0)
LVMI (g/m') 196-4 (50 5)
Drug therapy:

Thiazides (No (%)) 34 (38)
,B Blockers (No (%)) 38 (42)
Ca antag (No(%)) 40 (44)
ACE I (No (%)) 23 (25)
Mean No of drugs 2-51 (1-4)

MI, myocardial infarction; SBP, systolic blood pressure; DBP,
diastolic blood pressure; HT, hypertension; LVMI, left
ventricular mass index; Ca antag, calcium antagonists; ACE I,
angiotensin converting enzyme inhibitors.
Results are expressed as mean (SD) unless otherwise stated.

Table 2 Exercise electrocardiography (n = 79)

No with
Result n chest pain

Additional ST segment depression
(>0 2mV) 26 5

Increased number of leads showing
ST segment depression 14 2

Abnormal R wave response 40 2
Two positive criteria 21 3
Three positive criteria 2 0
Exercise induced ventricular

ectopic beats 12 0
Normalisation of ST segment

depression 12 0
No exercise induced ECG changes 22 0

Seldinger technique under local anaesthetic
and the coronary arteries were injected selec-
tively. The films were analysed in detail by at
least two observers. A vessel was defined as
significantly diseased where luminal diameter
was reduced by more than 50%.

STATISTICAL ANALYSIS18
To compare the two groups of data we used a
two sample t test if the data were normally
distributed and a non-parametric Mann-
Whitney U test when the distribution was
skewed. Differences in the frequency of dis-
crete variables between groups were assessed
by the x2 test with Yates' correction for small
numbers where appropriate. For all analyses
p < 0 05 was considered significant.

Results
Twenty one of the 90 patients gave a history of
angina (New York Heart Association (NYHA)
Grade I in five, grade II in 10, and grade III in
six (table 1) and a further 12 had atypical chest
pain. Five patients had had a previous myocar-
dial infarction. Eighty eight had a calculated
left ventricular mass index above the 97th
percentile.

Table 3 Ambulatory ST segment monitoring

Symptoms

ST depression segment No ofpatients Nil Chest pain Other*

Nil 47 41 1 5
Channel I 27 19 5 2
Channel II 9 6 1 2
Both channels 7 5 1 1

*Other symptoms recorded were arm pain (one), breathlessnes (six), and palpitations (three).

EXERCISE ELECTROCARDIOGRAPHY
Table 2 shows that of the 79 patients who
underwent exercise electrocardiography 22
had no exercise induced electrocardiographic
changes.

Positive exercise electrocardiography
Twenty six patients had ST segment depres-
sion of greater than 0-2 mV in addition to the
depression at rest. Fourteen patients had an
increased number of leads showing ST seg-
ment depression and the R wave response was
abnormal in 40 patients. Twenty one patients
fulfilled two of these criteria and two patients
fulfilled all three.

Other electrocardiographic changes
Twelve patients had complete normalisation of
their ST segments, 19 had a reduction in the
number of leads showing ST segment depres-
sion, and 12 patients had exercise induced
ventricular extrasystoles.

Relation to symptoms
The end point of exercise was chest pain in five
patients, breathlessness in 1 1, leg fatigue in 42,
and general fatigue in 21.

AMBULATORY ELECTROCARDIOGRAPHY
Table 3 shows that at the time of the monitor-
ing period most patients had resting ST-T
changes detectable on channel I. Only ST
segment depression of greater than 0-2 mV in
addition to the resting value was, therefore,
considered significant. By contrast, no patients
had a resting electrocardiogram that showed
ST segment depression in channel II.
Forty three patients had at least one episode

of ST segment depression (as defined above)
during the monitoring period. This was detec-
ted on channel I in 27 patients, on channel II in
nine patients, and on both channels in seven
patients. The median number of episodes was
16 (range 1 to 84) with a median duration of 8-6
(range 2 to 17) min. Fourteen of the 27 patients
with ST segment depression in channel I had
accentuation ofthe resting ST segment depres-
sion. In the remaining 13 patients the pattern of
ST segment depression changed.

Relation to symptoms
Eighteen patients recorded symptoms on the
diary cards: chest pain was reported by eight,
arm pain by one, breathlessness by six, and
palpitation by three. In six of the patients who
reported symptoms no abnormality was detec-
ted on ambulatory monitoring. Episodes of ST
segment depression corresponded to symp-
toms in seven of the patients with chest pain,
four with breathlessness, and one with palpita-
tion. Over 90% of the episodes, however, were
asymptomatic.

THALLIUM PERFUSION SCINTIGRAPHY
Perfusion defects
Small apical defects were present in 73 out of80
patients and were presumably a reflection ofthe
relative apical thinning'9 that is exaggerated in
the presence of left ventricular hypertrophy.
There were abnormalities of perfusion in
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Table 4 Comparison of exercise haemodynamics and
symptoms in patients with and without reversible thallium
perfusion defects (mean (1 SD))

Thallium perfusion defect

Present Absent

Number 48 32
Exercise duration (min) 39 (1-7) 4-6 (22)
Peak heart rate (beats/min) 121 (23) 117 (28)
Peak systolic BP (mm Hg) 195 (31) 209 (30)
Double product
(mm Hg x beats/min x 102) 238 (67) 248 (85)

Max predicted MVo2 (%) 70 (26) 79 (29)
Chest pain (No) 5* 0
Breathlessness (No) 8 3

*p < 0-05. RPD, reversible perfusion defect; MVo2, myo-
cardial oxygen consumption.

Table 5 Comparison of major riskfactors in patients
with and without coronary artery disease (mean (I SD))

CAD NCA
(n= 18) (n = 17)

Age (y) 58 (6.4)* 51 (8-9)
Smokers (No) 13 16
Duration ofHBP(y) 7-0 (52) 6-2 (89)
SBP (mm Hg) 158 (32) 154 (34)
DBP (mm Hg) 90 (16) 94 (20)
Total cholesterol (mmol/l) 6-5 (1-1) 59 (14)
LDL cholesterol (mmol/l) 4 4 (0-9) 3-7 (1-4)
HDL cholesterol (mmol/l) 1-2 (0 4) 1-3 (0 5)

*p < 005. CAD, coronary artery disease; NCA, normal
coronary arteries.

regions other than the apex in 64 patients.
These perfusion defects were fixed in 16 and
reversible in 48 patients.

Relation to symptoms
Exercise capacity in general was poor. The end
point of exercise in those with reversible per-
fusion defects was leg fatigue in 20, general
fatigue in 15, breathlessness in eight, and chest
pain in five patients. Table 4 shows that the
exercise duration and haemodynamic function
were similar in those with reversible perfusion
defects and those without.

CORONARY ANGIOGRAPHY
Thirty five patients underwent coronary
arteriography: 17 had normal coronary arteries
and 18 had significant coronary artery disease.
Of these, three had single, one had double, and
14 had triple vessel disease.

RELATION TO SYMPTOMS
Of the 18 patients with coronary artery disease

seven gave no history of chest pain (five with
triple vessel disease and two with single vessel
disease). Eight had mild (NYHA I or II) angina
and three had moderate (NYHA III) angina.
Chest pain was also a complaint in five of the
patients with normal coronary arteries, mild
(NYHA II) in four, and moderate (NYHA III)
in one. A complaint of breathlessness was

equally common in the two groups (10 of those
with coronary artery disease and eight of those
with normal coronary arteries).

COMPARISON OF PATIENTS WITH AND WITHOUT
CORONARY ARTERY DISEASE
Table 5 shows that the patients with coronary
artery disease were older (mean (SD) 58 (6A4) v
51 (8 9) years, 95% confidence interval 1 to 12
years) but the blood pressure, serum choles-
terol concentration, and smoking history were
not significantly different. The duration of
exercise and haemodynamics were also similar
in the two groups.

Usefulness of the non-invasive investigations
Table 6 gives the results of the non-invasive
investigations for the 35 patients who had
coronary arteriography and their sensitivity,
specificity, positive predictive accuracy,

negative predictive accuracy, and overall
predictive accuracy.

Discussion
The similarity in the clinical course of patients
with previous myocardial infarction and those
with left ventricular hypertrophy and strain in
the Framingham study has led to the sugges-
tion that the electrocardiographic pattern
typical of these conditions signified the onset of
coronary artery disease.4 As only half of the
patients in our study who had coronary

arteriography had coronary artery disease,
however, this cannot be the only explanation
for the electrocardiographic finding. The
absence of obstruction to the epicardial coron-
ary arteries does not of course exclude myocar-
dial ischaemia. In patients with left ventricular
hypertrophy and normal coronary arteries,
typical angina" and objective signs of
myocardial ischaemia"' are well recognised.
In the present study chest pain and non-
invasive indicators of myocardial ischaemia

Table 6 Accuracy of the non-invasive investigations in predicting the presence of coronary artery disease (figures
based on the 35 patients who had coronary arteriography)

Sens(%) Spec(%) PPA(%) NPA(%) OPA(%)

Thallium scintigraphy:
RPD 88-9 52-9 66-6 81-8 71-4

Exercise ECG:
ST segment depression 50 70-6 64-3 57-1 60
Leads (No) 33.3 100 100 58-6 65-7
R wave 44.4 29-4 40.0 33-3 37-1

Two criteria 38-9 76.5 63-6 54-2 57-1
Three criteria 11.1 100 100 51 5 54-3

Ambulatory ECG:
Channel I 33.3 64.7 50 47-8 48-6
Channel II 11 1 70-6 286 429 40
Both 5 6 76 5 20-0 43.3 40

Sens, sensitivity; Spec, specificity; PPA, positive predictive accuracy; NPA, negative predictive accuracy; OPA, overall predictive
accuracy; RPD, reversible perfusion defect.
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were present in five patients with left ven-
tricular hypertrophy and normal coronary
arteries. In total 43 patients had at least one
episode of ambulatory ST segment depression
consistent with myocardial ischaemia. As in a
recent study of hypertensive patients with
normal coronary arteries over 90% of these
episodes were clinically silent.26
There are several factors that may be respon-

sible for myocardial ischaemia in hypertensive
left ventricular hypertrophy. There is a trans-
mural gradient of blood flow in left ventricular
hypertrophy with reduced flow in the suben-
docardial layers27 that is accentuated by pac-
ing28 and exercise.29 Although total myocardial
blood flow is increased in left ventricular
hypertrophy, the flow per 100 g is significantly
reduced30 because of decreased coronary vas-
cular reserve31 and perhaps disease of the small
vessels.22
The ability of the coronary vasculature to

maintain perfusion over a range of pressures
may be altered by left ventricular hypertro-
phy.32 Because oxygen extraction is almost
maximal in the coronary circulation there is no
mechanism, as there is in the cerebral circula-
tion, whereby the effects of lower perfusion
pressures can be compensated for by an
increase in oxygen extraction.33 This may be
important during sleep when diastolic blood
pressure often falls by up to 25%.34 Certainly if
the blood pressure is reduced by treatment to
below the theoretical autoregulatory range,
decreased coronary flow35 and myocardial
ischaemia36 occur. Similar mechanisms have
been proposed37 as a possible explanation for
the excess mortality found in some studies (but
these are disputed by several workers) iftreated
diastolic blood pressure falls below 85-90
mm Hg-the so-called J shaped mortality
curve.38 The results of the present study are
compatible with these theories and they
emphasise the importance of myocardial
ischaemia in patients with hypertensive left
ventricular hypertrophy even in the absence of
epicardial coronary artery disease.
Another important clinical question is how

best to identify prognostically important
coronary artery disease in hypertensive
patients with left ventricular hypertrophy and
strain. This is particularly relevant because
most of the myocardial ischaemia in this study
did not cause symptoms. Ambulatory monitor-
ing of the ST segment has been shown to be
useful in detecting symptomatic and silent
myocardial ischaemia in patients with
ischaemic heart disease.16 39 It is a reproducible
technique' and may provide prognostic infor-
mation.4' In patients with left ventricular
hypertrophy and strain, however, investiga-
tions that rely on the electrocardiogram are
difficult to interpret because of baseline elec-
trocardiographic abnormalities. For example
in this study nearly all the patients who had
ambulatory electrocardiographic monitoring
showed ST segment depression in channel I for
most of the day. For this reason an arbitrary
criterion of > 0 2 mV additional ST segment
depression over and above the baseline depres-
sion was required before interpretation as a

positive result. Another potential problem with
ambulatory ST monitoring is the frequency of
ST segment shift in normal subjects.42 It is
likely that both these factors contributed to the.
low positive predictive accuracy (28-6-50%) of
the ambulatory electrocardiography in the
present study.
There were similar problems with the inter-

pretation of the exercise electrocardiography.
If conventional criteria" had been used vir-
tually all patients would have had a positive
test. The high rate of false positive results in
patients with abnormal control electrocar-
diograms is well known43 and we therefore
decided to consider a change significant if there
were changes additional to the resting ST
segment depression, in order to improve the
specificity of the test.'3 Analysis of the R wave
amplitude with exercise may also improve the
accuracy of exercise electrocardiography in
patients with resting ST-T changes2 14 and this
was therefore incorporated into this study
along with a comparison of the number of leads
showing ST segment depression before and
after exercise. The use of all these criteria
combined resulted in 100% specificity but this
was at the expense of sensitivity as only two
patients with coronary artery disease had a test
that was positive for all criteria (11 1% sen-
sitivity). When sensitivity was improved by
using only ST (50%) or R wave (44-4%)
criteria the specificity was reduced (70-6% and
29-4% respectively).

In our group of patients, thallium scintigra-
phy was the most useful method for the iden-
tification of coronary artery disease. The sen-
sitivity was 88-9%, which is comparable with
reported series of patients with ischaemic heart
disease in our hospital'7 and elsewhere.44 The
specificity of 52-9% was much less than for
patients with ischaemic heart disease (89-
97%).4 The discrepancy is presumably due to
the presence of myocardial ischaemia despite
normal coronary arteries.

It is not possible from our results to deter-
mine whether the "false" positive non-invasive
tests are such or are actually correctly identify-
ing areas ofischaemia caused by left ventricular
hypertrophy even in the absence of coronary
artery disease. Two studies published recently,
however, accord with our own results suggest-
ing that the non-invasive findings are caused by
myocardial ischaemia in these patients.2645 In
terms of excluding epicardial coronary artery
disease the negative predictive accuracy is
perhaps the most useful criterion to assess the
value of the test. Our results showing a negative
predictive accuracy of 81 8% accord with those
of Tubau et al who reported that over a 38
month period of follow up the negative predic-
tive value of thallium scintigraphy for the
subsequent development of angina symptoms
was 94% 46

In summary, our results have shown that not
all patients with left ventricular hypertrophy
and strain have obstructive coronary artery
disease. Non-invasive indicators of myocardial
ischaemia are common in patients with left
ventricular hypertrophy and strain even in
those without symptoms or coronary artery
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disease. Symptoms of chest pain during exer-

cise or during normal daily activities are poor
indicators of the presence of myocardial
ischaemia and much of this ischaemia is silent.
Thallium perfusion scintigraphy is a useful
investigation for the identification of coronary
artery disease in these patients.

One of us (SDP) was supported by a British Heart Foundation
junior research fellowship.
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