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Effects of ischaemia and treatment with atenoiol, nifedipine SR and
their combination on outcome in patients with chronic stable angina
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Objectives To study the relationship between presence or
absence of ischaemic events on Holter monitoring and
occurrence of a hard or hard + soft endpoint.

Design A randomized double-blind parallel group study of
atenoiol, nifedipine and their combination, with ambulatory
monitoring off-treatment and after 6 weeks of randomized
treatment and prospective follow-up of 2 years on average.

Setting Europe.

Subjects 682 men and women with a diagnosis of chronic
stable angina and who were not being considered for
surgery.

Main outcome Hard endpoints were cardiac death, non-
fatal myocardial infarction and unstable angina; soft end-
points were coronary artery bypass surgery, coronary
angioplasty and treatment failure.

Results The study showed no evidence of an association
between the presence, frequency or total duration of
ischaemic events on Holter monitoring, either on or off
treatment, and the main outcome measures. There was a
non-significant trend to a lower rate of hard endpoints in
the group receiving combination therapy. Compliance, as
measured by withdrawal from trial medication, was
clearly poorest in the nifedipine group with similar with-
drawal rates in the atenoiol and combination therapy
groups.

Conclusion The recording of ischaemic events in 48 h
Holter monitoring failed to predict hard or hard + soft
endpoints in patients with chronic stable angina.
(Eur Heart J 1996; 17: 104-112)

Key words: Ischaemia, Holter monitoring, beta-blocker,
calcium channel blocker.

Introduction

The dual aims of treatment in patients with coronary
heart disease (CHD) are to relieve symptoms and to
improve outcome by preventing or postponing serious
cardiac events, including mortality. In patients with
CHD in whom the dominant symptom is exertional
angina, both those aims are achieved by coronary by-
pass surgery in selected groups of patients'1"31. Anti-
anginal medication also reduces the frequency and
severity of chest pain to a variable extent but has never
been shown conclusively to improve the prognosis'4"51. In
patients with angina, ischaemia can be provoked in a
number of ways but most commonly by symptom-
limited exercise testing, while ischaemia occurring dur-
ing daily life is readily detectable in about half of those
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patients presenting for investigation of chronic stable
angina by the technique of ambulatory monitoring of
the ST segment of the ECG. Since both medical treat-
ment and CABG can abolish or substantially reduce
evidence of myocardial ischaemia demonstrated by
both these non-invasive techniques'6'71, and since the
presence and severity of ischaemia is closely and directly
related to outcome18-91, it is reasonable to suggest that
medical reduction of ischaemia might also improve
survival.

The Total Ischaemic Burden European Trial
(TIBET) was set up, firstly to address the hypothesis
that the frequency and duration of ischaemia in daily
life, as detected by ambulatory monitoring of the elec-
trocardiogram, would be predictive of clinical outcome
as assessed by the frequency of cardiac death, non-fatal
myocardial infarction (MI), unstable angina, revascu-
larization, treatment failure and the necessity for with-
drawal from prescribed treatment. In addition, we aimed
to determine any trends in prognosis from which power
calculations could be made on which to base a larger
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Total Ischaemic Burden European Trial 105

appropriately powered trial of the impact of medical
treatment on mortality.

Patients and methods

Design

The design, patient selection and methods have been
described in detail elsewhere1101, but, briefly, the plan
was as follows: Patients with chronic stable angina,
whose symptoms were well enough controlled on medi-
cal therapy so that they were not immediately being
considered for revascularization, were entered into a
randomized double-blind clinical trial of three com-
monly used treatments. These were the beta-blocker
atenolol, the calcium channel blocker nifedipine (slow
release formulation), and their combination. In order to
be randomized, patients were required, during a 2-week
placebo run-in period, to have at least 1-5 mm ST
segment depression during a symptom-limited exercise
tolerance test at a workload of less than 10 METS.
Although a central analysis was carried out on all
exercise tests at a later date to ensure uniformity of
interpretation, the results of the central analysis were,
necessarily, unavailable to the investigators at that visit.
Randomization, therefore, took place on the basis of the
analysis of the pre-randomization test by the investi-
gators themselves. In order to minimize withdrawal due
to side-effects, patients had to demonstrate their toler-
ance to a 2-week treatment period with the full dose of
the combination treatment of atenolol and nifedipine.
Ambulatory ECG recording was carried out during the
placebo run-in period and, together with a further
exercise test, after 6 weeks on randomized treatment. At
the 6-week visit, there was an opportunity to increase the
doses of nifedipine in the monotherapy and combination
arms from the starting doses of 20 mg twice daily to
40 mg twice daily. The dose of atenolol remained at
50 mg twice daily throughout the study in both arms.
Exercise testing could be performed either on a treadmill
using the Bruce protocol or on a bicycle ergometer at
a starting workload of 30 watts which increased by
30 watts every 3 min. All patients were followed regu-
larly at the out-patient clinic for an average of 2 years or
until death had occurred. Withdrawal from trial therapy
occurred if unblinding of medication was required for
any reason or in the presence of severe side-effects or
adverse reactions.

Primary endpoints

The predetermined endpoints of the study were desig-
nated 'primary' or 'secondary'. The primary endpoints
were as follows:

(1) Cardiac mortality. For a diagnosis of 'acute fatal
myocardial infarction' to be recorded, this diagnosis
either had to be stated in the death certificate or, in

the event of the death certificate diagnosis being
uncertain, macroscopic or microscopic myocardial
necrosis had to be demonstrated at the autopsy.
'Sudden cardiac death' was recorded if the patient
died within 24 h of the onset of symptoms in the
absence of extracoronary causes of death.

(2) Myocardial infarction — 'silent' or 'symptomatic'.
A 'silent' myocardial infarction was defined as the
appearance of pathological Q waves in the ECG
without a history of chest pain. Patients with silent
myocardial infarction could be withdrawn from
randomized treatment for further investigation
depending on the clinical situation. 'Symptomatic'
myocardial infarction was denned according to the
following three criteria, at least two of which had to
be fulfilled: (a) Central chest pain of more than
30 min duration with onset during the previous
48 h, pulmonary oedema without previously known
valvular disease, or shock without suspicion of acute
hypovolemia of intoxication, (b) Transient elevation
of aspartate transaminase (AST/SGOT) to values
above the normal limits for the laboratory and with
a maximum approximately 24 h after the estimated
onset of infarction, combined with less pronounced
or no elevation of alanine transaminase (ALT/
SHPT); or if AST and ALT tests were not routinely
performed, transient elevation of creatine, phos-
phokinase to values above the normal limits for
the laboratory and with a maximum approximately
24 h after the estimated onset of infarction, (c) The
development of pathological Q waves and/or the
development or disappearance of localized ST-
segment elevation combined with the development
of T-wave inversion in at least two of the 12 routine
standard leads (I, II, III, aVR, V,, V2, V3, V4, V5 and

v6).
(3) Unstable angina defined as chest pain of increasing

frequency and severity, occurring at rest, requiring
hospitalization of the patient and not associated
with the development of new Q-waves on the ECG
or a rise in cardiac enzymes. Patients who developed
unstable angina were withdrawn immediately to
facilitate urgent treatment and further investigation.

(4) CABG and/or angioplasty.
(5) Treatment failure. Where symptoms persisted on

high dose trial therapy plus prophylactic short-
acting nitrate therapy, patients were considered to
be 'treatment failures'. When treatment was with-
drawn, the patient was followed-up wherever poss-
ible as if he/she were continuing in the trial. Details
of additional investigations, treatment, and subse-
quent outcome were recorded for the duration of the
study.

Cardiac mortality, myocardial infarction, and
unstable angina were regarded as 'hard' endpoints,
whilst CABG, angioplasty, and treatment failure were
considered to be 'soft'. The primary endpoints were
verified by the Endpoints Committee which comprised
three non-participating clinicians, together with the
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106 H. J. Dargie et al.

TIBET coordinator whose function it was to collect and
make available all data required by the Committee. The
committee members audited and confirmed all primary
endpoints by reference to original documentation,
including case records, electrocardiograms, cardiac
enzyme results, autopsy reports and death certificates.

Secondary endpoints

The secondary endpoints of the study were as follows:
(1) Time to onset of angina or significant ischaemia
(1 00 mm ST depression) during a standard exercise test.
(2) Total duration of exercise (exercise test). (3) Number
and duration of ischaemic episodes defined as 1 mm ST
segment depression (48 h Holter).

Ischaemic episodes included painful (sympto-
matic) and silent (asymptomatic) ischaemia, thereby
constituting the total ischaemic burden (TIB).

Statistical methods

The time until the occurrence of an endpoint was taken
to be the response variable for statistical analysis. Com-
parisons among sub-groups of patients (for instance
split on the basis of presence/absence of ischaemia on
Holter monitoring) were assessed by the logrank test.
Analyses involving adjustment for covariates were based
on the Cox proportional hazards model. Since patients
could have more than one event in any category (for
instance, non-fatal MI followed by cardiac death in the
hard endpoint category), the time until the first endpoint
in the category was used in the analysis. In the analyses
involving Holter monitoring, patients were excluded
from the analysis if they did not have at least 23 h
of analysable tape from the 48 h monitoring period.
Otherwise, all analyses have been carried out on an
intention to treat basis with the status of all patients
having been obtained at trial completion. Survival
curves and withdrawal curves were estimated using the
Kaplan-Meier approach. Tests of association between
categorical variable were based on standard chi-squared
statistics.

Analyses were carried out for the full rand-
omized set of patients (682) and for the sub-set (608)
who met the trial entry criteria on central analysis of the
baseline exercise test ECG. Results are reported only for
the full set of 682 patients. Those for the smaller group
were very similar.

Results are reported for the composite events (i)
hard endpoints and (ii) hard + soft endpoints.

Results

Secondary endpoints

Nine hundred and sixteen patients were entered into the
study, 682 eventually being randomized (74-4%). The

Table 1 Baseline characteristics of the TIBET subjects
(n=682), age, sex and clinical history

Age [mean(SD)]
Males
Previous MI
Previous heart failure
Hypertension
Diabetic
Current smokers
Previous angiogram
Previous PTCA
Previous CABG

Atenolol
(n = 226)

58-8 (7-6)
196
77
2

52
10
39
67
4

14

Nifedipine
(n = 232)

60-0 (7-7)
191
71
4

54
7

30
62

5
12

Combination
(n = 224)

59 7 (7-9)
198
77

1
47
18
44
64
5
9

patients were drawn from 69 centres in nine European
countries. The baseline characteristics of the 682 subjects
are given in Table 1. The central analysis carried out
after randomization indicated that 608 patients (89%)
satisfied the inclusion criteria of having a valid exercise
test with 1 0 mm ST segment depression on central
analysis during the placebo exercise test. The results
reported in this paper have been analysed separately for
the total population randomized and for those fulfilling
the entry criteria.

The secondary endpoint data are described in
detail in an accompanying paper in this issue1"1, but,
briefly, the results were as follows: atenolol, nifedipine
and their combination were equally effective in markedly
and significantly reducing all markers of reversible
ischaemia both during exercise testing and ambulatory
monitoring. This included total exercise time, time to
the development of angina and of 1 mm ST segment
depression, maximum ST segment depression, and the
percentage of patients with episodes of ambulatory
ischaemia (as defined) in the 48 h recording period.

Heart rate was similarly lowered on atenolol and
the combination. These changes were significantly dif-
ferent than that obtained on nifedipine, which caused a
slight increase in heart rate. Atenolol and nifedipine also
reduced systolic and diastolic blood pressure equally and
significantly while the combination lowered it to a
significantly greater extent [mean reductions being 12-9/
7-3,12-5/6-7 and 20-6/11 mmHg respectively (SBP/DBP),
see Fig. 1]. These values are for sitting, those for
standing being virtually identical.

Primary endpoints

(1) Frequency of endpoints: 124 subjects had a total of
163 trial endpoints (13 cardiac death, 38 non-fatal
MI, 26 unstable angina, 30 CABG, four angioplasty
and 52 treatment failure). The duration of follow-up
ranged from 1 to 3 years (mean 2 years). Table 2
contains the distribution of the most 'severe' trial
endpoint incurred by the trial subjects, split by
the three randomized treatment groups (atenolol,
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Total Ischaemic Burden European Trial 107

25

X 2 0 -

15 -

S 1 0 -

C6

Atenolol Nifedipine Combination
Treatment

Figure 1 Reductions in systolic ( D ) and diastolic ( • )
blood pressure after 6 weeks of randomized treatment for
atenolol, nifedipine and their combination. Data displayed
are mean reductions and 95% confidence intervals.

Table 2 Distribution of the 682 subjects by treatment

group and severest endpoint

Severest endpoint Atenolol Nifedipine Combination Total

Cardiac death
Non-fatal MI
Unstable angina
CABG
PTCA
Treatment failure
No endpoint

Total

3
14
12

7
1

10
179

226

6
15
4
6
0

15
186

232

4
7
8:
4
0
8

193

224

13
»
24
IT
1

33
558

682

nifedipine, and their combination). The ranking of
the endpoints in decreasing order of severity was
taken to be cardiac death, non-fatal MI, unstable
angina, CABG, angioplasty and treatment failure.

(2) Relationships with presence of ischaemia on Holter
monitoring Table 3: For hard and hard + soft end-
points, the distribution of subjects with and without
an endpoint is cross-tabulated with the presence or
absence of at least one ischaemic event on Holter
separately for off- and on-treatment visits. For the
off-treatment Holter data in the group of subjects

Table 3 Cross-tabulations of subjects by presence!
absence of an endpoint and presence!absence of one or
more ischaemic events on Holter monitoring off treatment
and on treatment, for each of the combinations of Hard
and Hard+Soft Endpoints with Holter outcome. Results
are for subjects with at least 23 h of analysable Holter
tape at the visits considered in each sub-table

Hard
Endpoint

Hard + Soft
Endpoint

Yes
No

Yes
No

Off treatment
Event i

Yes

33
265

Yes
58

240

on Holter

No

30
299

(P=0-42)

No
51

278
(P=0-l9)

On treatment
Event

Yes

23
183

Yes
41

165

on Holter

No

40
383

(/>=0-50)

No
71

352
(/>=0-34)

with ischaemic episodes 11% (20%) of subjects had a
hard (hard + soft) endpoint in comparison to 9%
(16%) for subjects who had no ischaemic attacks.
For the on-treatment Holter data, the corresponding
event rates were 11 % (20%) for those with ischaemic
events and 9% (17%) for those with no ambulatory
ischaemic events. None of these comparisons
achieved statistical significance when the 'time to
event' data were analysed by the logrank test.

Tables 4 and 5, respectively, contain corre-
sponding distributions of trial endpoints by the
number of ischaemic events and by their duration on
Holter monitoring. There was no evidence of any
association between the frequency or duration of
ischaemic events at Visit 3 or Visit 5 and the risk
of a hard or hard + soft endpoint.

The relationship between times until trial
endpoint data and presence of ischaemic events were
also analysed using a Cox proportional hazards
model adjusting for randomized treatment and age.
The relationships with the on-treatment Holter data
were, in addition, adjusted for presence/absence of
ischaemic attacks at the off treatment visit. None of

Table 4 For both on and off treatment data, the table contains a breakdown of the patient group by the number of
ischaemic episodes (silent or symptomatic) recorded on Holter monitoring and by the occurrence of a Hard
(Hard+Soft) endpoint. Only patients with at least 23 h of analysable tape are included. Chi-squared test P values were
calculated after re-grouping the number of episodes into four groups (0, 1, 2, 3 or 4, ^ 5 events)

Number of events 0 Total

Off treatment

On treatment

Patients with an endpoint 30(51) 10(17) 6(14) 4(5) 2(2) 11(20)
All patients 329 89 56 38 18 97

Patients with an endpoint 40(71) 7(16) 7(10) 4(6) 1(1) 4(8)
All patients 423 76 37 29 20 44

63(109)
627

[/>=0-95(0-30)]

63(112)
629

[/>=0-33(O-37)]

Eur Heart J, Vol. 17, January 1996
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108 H. J. Dargie et al.

Table 5 For both on and off treatment data, the table contains a breakdown of the patient group by the total duration

of ischaemic episodes (silent or symptomatic) recorded on Hotter monitoring and by the occurrence of a Hard

(Hard+Soft) endpoint. Only patients with at least 23 h of analysable tape are included. Chi-squared test P-values were

calculated after re-grouping the duration of episodes into 3 groups (0, 1-30 and >30 min)

Duration of events (min) 1-30 31-60 61-120 >120 Total

Off treatment

On treatment

Patients with an endpoint
All patients

Patients with an endpoint
All patients

30(51)
329

40(71)
423

14(27)
112

6(14)
90

7(8)
69

12(17)
58

5(14)
63

3(6)
36

7(9)
54

2(3)
21

63(109)
627

[P=0-59(0-11)]

63(111)
628

[/>=0-19(0-30)]

these analyses revealed evidence of a relationship
between the presence/absence of ischaemic on Holter
monitoring (on or off treatment) and subsequent
patient outcome (as defined by presence/absence of a
hard or hard + soft endpoint).

(3) Relationship with treatment: From Table 2 it can
be seen that 12-8% (20-8%) of subjects on atenolol,
11-2% (19-8%) of those on nifedipine, and 8-5%
(13-8%) of those on the combination had a hard
(hard + soft) endpoint. Comparison of the times to
event among the three treatments, using the logrank
test, did not achieve statistical significance (P=0-32
for hard endpoints, P=0-14 for hard + soft end-
points). However, there is a non-significant trend to
fewer events on the combination treatment. The
estimated survival curves for the three treatment
groups are given in Fig. 2(a) (hard endpoints) and
(b) (hard + soft endpoints).

Withdrawals

During the active follow-up phase of the study, 217
patients withdrew from study medication. The break-
down of these subjects by treatment and their percentage
in relation to the numbers randomized to each group are
60 (27%) for atenolol, 93 (40%) for nifedipine, and 64
(29%) for their combination. These percentages are
significantly different (/)=0001) when time until with-
drawal is analysed using the logrank test. There is clear
evidence of a higher withdrawal rate in the nifedipine
group, due to side-effects, with the rates for atenolol and
the combination therapy being similar. Kaplan-Meier
plots of the withdrawal patterns are displayed in Fig. 3
for each of the three treatments.

Discussion

The main aim of the TIBET study was to investigate the
prognostic importance of the total ischaemic burden,
defined as the total number of episodes of myocardial
ischaemic occurring during 24 h; this was quantified by
recording the number of episodes of significant ST

depression (greater than or equal to 1 mm) and lasting
for at least 1 min during a 24 h period of ambulatory
ECG monitoring. In the present study, about 50% of
patients at baseline had significant ambulatory ischae-
mia which is consistent with most other studies in
patients with chronic stable angina'6'71. Of those with
ischaemic changes 60% had only silent episodes, 10%
painful episodes and 30% had both silent and painful
episodes. The results of the TIBET study do not support
the hypothesis that episodes of myocardial ischaemia as

100
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0
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-

-

. p = 0.32
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200 400 600
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Figure 2 Kaplan-Meier survival curves showing percent-
age of subjects event free by days in study, for the three
treatment arms, for Hard Endpoints (a) and Hard+Soft

Endpoints (b). =atenolol; -•-•-•-= nifedipine;
=combination.
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Total Ischaemic Burden European Trial 109

200 400 600
Days in study

800 1000

Figure 3 Kaplan-Meier survival curves showing percent-
age of subjects still on randomized treatment by days in
study for the three treatment arms. =atenolol
-•-•-•-=nifedipine; =combination.

detected by ambulatory monitoring predict outcome
either in terms of failure of medical treatment, require-
ment for revascularization or the development of im-
portant cardiac events such as cardiac death, non-fatal
myocardial infarction or unstable angina. Even when
those patients who had five or more episodes during 24 h
were considered separately, no prognostic impact of
ambulatory ischaemia could be determined, nor was
there a definite trend.

The prognostic importance of ambulatory is-
chaemia has been well established in patients with
unstable coronary disease and especially in those with
unstable angina'12'131. However, previous studies in
patients with chronic stable angina have been conflict-
ing. In one small study in 40 patients followed up for a
median time of 28 months silent ischaemia had no
prognostic value1'41; conversely in another report of 86
patients followed up for 1 year the presence of silent
ischaemia identified a high risk group for the develop-
ment of cardiovascular events'71. In a third study of 107
patients, silent ischaemia was an independent predictor
of mortality1151.

It would not be surprising that the identification
of myocardial ischaemia by whatever mechanism would
predict outcome. Ambulatory ischaemia, therefore,
might have been a stronger prognostic factor in TIBET
had this been an inclusion requirement such that all
patients in the study displayed this phenomenon. How-
ever, our patients were a relatively unselected group of
patients with chronic stable angina who were not at the
time of recruitment being considered for revasculariz-
ation and in whom only about half had evidence of
ambulatory ischaemia.

In the absence of a control group, the lack of an
association between the presence of myocardial ischae-
mia and outcome can only be applied to medically
treated patients. The relationship may well be different
in untreated patients as suggested in the ASIST study in
which atenolol reduced ambulatory ischaemia and the
risk of adverse cardiac events'161. By univariate analysis,
the absence of ischaemia after 4 weeks of treatment

was significantly associated with a reduced event rate.
By multivariate analysis, however, this was no longer
significant. Hence, the ASIST study is inconclusive in
establishing whether the reduction in silent ischaemia
by atenolol was responsible for the improvement in
outcome.

The ASIST population was an unusual one in
that patients were either asymptomatic or minimally
symptomatic and, therefore, not reflective generally of
patients with chronic stable angina. In clinical practice,
therefore, the most useful information is whether ambu-
latory ischaemia can predict outcome in previously
or currently symptomatic patients on treatment; the
TIBET study strongly suggests not.

The ACIP study confirmed the beneficial effects
of both medical and surgical treatment on ischaemia
but, as a pilot study, was insufficiently powered to
investigate prognosis. It was suggested that a large trial
to determine the efficacy of a symptom or ischaemia
guided management strategy was feasible1171.

Since myocardial ischaemia on ambulatory
monitoring is more likely to develop in patients with
severe coronary disease1'81 perhaps our patients, who
were not being considered for revascularization, consti-
tuted a rather mild group. In fact, the TIBET population
in terms of cardiac mortality is comparable with other
large scale survival studies; in 1083 medically treated
patients with ischaemic heart disease and who were
followed up for a mean period of 66 months in Italy1'91,
the cardiac mortality rate was 1-4% as compared with
108% in the TIBET study group. Both these popu-
lations showed a lower mortality than in the CASS study
where the total annual mortality was \-6°/P

]
. In the

CASS study, however, patients were being actively con-
sidered for revascularization and might therefore have
been expected to be a more severe group.

A further objective of the TIBET study was to
take advantage of the long-term medical follow up to
investigate the impact of standard medical therapy on
outcome.

The TIBET endpoints were divided into 'hard'
endpoints which were cardiac death, myocardial infarc-
tion and unstable angina and 'soft' endpoints which
included treatment failure and the need for revasculari-
zation. It can be seen that there was no statistically
significant effect of either nifedipine, atenolol or their
combination on hard or in a combination of hard and
soft endpoints; there was, however, a definite trend in
favour of the combination.

At the outset, we elected to include unstable
angina as a hard endpoint since the underlying pathol-
ogy is thought to be similar to that of acute myo-
cardial infarction. Interestingly, there were 12 cases of
unstable angina on atenolol and only four on nifedipine
with the combination occupying the intermediate pos-
ition with eight cases. Whether these differences are in
any way meaningful is, of course, speculative, and
difficulty in the diagnosis of unstable angina might have
led to these patients forming a rather heterogeneous
group.
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Other major studies of outcome have adopted
the more conventional combined endpoint of cardiac
death and non-fatal myocardial infarction. Looking at
the data in this way, it can be seen that, while 21 cardiac
deaths or nonfatal myocardial infarctions occurred on
nifedipine and 17 on atenolol, only 11 such events
occurred on the combination. This represents a reduc-
tion of 48% in these end points on the combination as
compared with nifedipine and 35% as compared to
atenolol alone.

The TIBET dosing regimen was chosen to try to
reflect current clinical practice. Thus increase in nifed-
ipine and placebo was allowed but the dose of atenolol
was held constant. This was because atenolol 50 mg
twice daily was considered to be the maximum dose of
atenolol in usual clinical practice; the initial dose of
nifedipine 20 mg twice daily was, however, lower than
that often prescribed and so the opportunity to increase
that to a higher dose was provided. This may have led to
the greater number of withdrawals in the nifedipine
arm. Interestingly, there was no such trend in the
combination group.

To what extent the 74 patients with <. 1 mm ST
during the placebo phase could have influenced the
overall conclusions is uncertain but is likely to be
minimal. Firstly, over 80% of them were men with a
clinical presentation sufficiently convincing to lead to a
diagnosis of coronary heart disease by an experienced
cardiologist; and, secondly, all had significant ST de-
pression on their pre-inclusion screening exercise test, as
assessed by their cardiologist. Thirdly, as noted in the
text, statistical analysis with or without these patients
had no impact on the overall conclusions.

Since the frequencies of endpoints on each treat-
ment are not statistically different it may be considered
speculative even to suggest that there might have been a
reduction on the combination; but there does seem to be
a definite trend which could only be investigated further
in a larger scale study.

Since all treatments equally reduced evidence of
myocardial ischaemia either on exercise or on ambu-
latory monitoring, any favourable trend on the combi-
nation could not be attributed to the reduction in
ischaemia. However, the occurrence of endpoints such
as myocardial infarction and cardiac death may be
closely related to acute events such as plaque dissection
and rupture than to chronic myocardial ischaemia'2012'1.
The factors leading to plaque rupture and dissection are
as yet unclear but it is possible that the highly significant
greater reduction in blood pressure on the combination
than on monotherapy could provide at least part of the
explanation'221.

It is important to consider the underlying sever-
ity of ischaemia in the TIBET population given the low
rate of serious cardiac endpoints. As has been stated
previously, these patients were not being considered
actively for revascularization and so clearly their symp-
toms were not severe enough to limit their lifestyle to the
extent that revascularization was indicated for the relief
of symptoms. In contrast, their performance on the

exercise test was relatively poor since the average maxi-
mum ST segment depression was at least 2 mm and the
total mean exercise time was approximately 7 min, or
only 1 min into the third stage of the Bruce protocol. By
current recommendations these patients would therefore
be regarded by most as suffering ischaemia of at least
moderate severity and by some as being at high
risk'23'24'. Nevertheless, despite this impressive degree of
ischaemia at a relatively low workload, only 13 cardiac
deaths occurred during a total of 1300 patient years
giving an annual mortality of 1%. Only 30 patients
underwent coronary artery bypass surgery and four
patients underwent angioplasty. There were 38 non-fatal
myocardial infarctions which is a rate of 3% per annum.
These data certainly raise the issue of whether it is
reasonable to intervene by means of revascularization
for prognostic reasons in patients with mild symptoms
but with evidence of significant reversible myocardial
ischaemia. The TIBET data would suggest that this was
not necessary in view of the very low rate of serious
cardiac endpoints.

The TIBET study, therefore, has shown that the
presence of ambulatory myocardial ischaemia does not
predict outcome in an unselected group of patients with
chronic stable angina who have mild symptoms but who
have evidence of exercise-induced ischaemia. Moreover,
the outcome in the TIBET study suggests that such
patients may be safely followed medically and that the
principal indication for intervening by revascularization
would be the development of more severe symptoms.
The patients in the TIBET study were not actively being
considered for revascularization because their symp-
toms, as judged by their cardiologist, did not justify it.
Since policy on invasive investigation and revasculariz-
ation varies widely throughout Europe, it is possible
that the good outcome in the TIBET population could,
or should, have implications for the clinical practice
of those cardiologists with a lower threshold for
angiography than that of the TIBET investigators.

In patients with more severe symptoms, the
combination of beta-blockers and calcium channel
blockers has been shown to be superior to monotherapy
in terms of symptom reduction and exercise and ambu-
latory ischaemia'25'261. In such patients, therefore, the
prescription of such a combination is a logical element
of clinical practice. Are the results of the TIBET study in
patients with milder symptoms sufficiently convincing
to recommend combination therapy on prognostic
grounds? A much larger study would have been required
to have sufficient power to demonstrate whether the
apparent trend in favour of the combination treatment
with a beta-blocker and calcium antagonist seen in the
TIBET study does in fact confer greater freedom from
serious cardiac events than treatment with either agent
alone. Until such a study is carried out, it would be
premature to suggest such a course of action despite its
mechanistic plausibility.

The TIBET study group would like to acknowledge the follow-
ing for their contributions to the analysis and data management of
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the study: TIBET Data Centre—Mr C. Love (database manager
and statistician), Miss Racquel Fullerton (data manager), Mr J.
Norrie (research statistician); Western Infirmary, Glasgow — Miss
E. Henderson (Chief Physiological Measurement Technician) and
Mr N. McFarlane (Senior Physiological Measurement Technician);
National Heart Hospital, London — Miss C. Wright (Research
Cardiac Technician), Mrs A Park (Research Cardiac Technician),
and Miss J Sparrow (Research Cardiac Technician). We would like
to thank Zeneca (formerly ICI) Pharmaceuticals for their financial
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