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Summary

Background Current guidelines suggest that, for patients at
moderate risk of death from unstable coronary-artery disease,
either an interventional strategy (angiography followed by
revascularisation) or a conservative strategy (ischaemia-driven
or symptom-driven angiography) is appropriate. We aimed to
test the hypothesis that an interventional strategy is better
than a conservative strategy in such patients.

Methods We did a randomised multicentre trial of
1810 patients with non-ST-elevation acute coronary
syndromes (mean age 62 years, 38% women). Patients were
assigned an early intervention or conservative strategy. The
antithrombin agent in both groups was enoxaparin. The co-
primary endpoints were a combined rate of death, non-fatal
myocardial infarction, or refractory angina at 4 months; and 
a combined rate of death or non-fatal myocardial infarction at
1 year. Analysis was by intention to treat.

Findings At 4 months, 86 (9·6%) of 895 patients in the
intervention group had died or had a myocardial infarction or
refractory angina, compared with 133 (14·5%) of 915
patients in the conservative group (risk ratio 0·66, 95% CI
0·51–0·85, p=0·001). This difference was mainly due to a
halving of refractory angina in the intervention group. Death
or myocardial infarction was similar in both treatment groups
at 1 year (68 [7·6%] vs 76 [8·3%], respectively; risk ratio
0·91, 95% CI 0·67–1·25, p=0·58). Symptoms of angina were
improved and use of antianginal medications significantly
reduced with the interventional strategy (p<0·0001).

Interpretation In patients presenting with unstable coronary-
artery disease, an interventional strategy is preferable to a
conservative strategy, mainly because of the halving of
refractory or severe angina, and with no increased risk of
death or myocardial infarction.
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Introduction
The most appropriate revascularisation strategy after
presentation with unstable angina or non-ST-segment-
elevation myocardial infarction remains contentious 
for patients at moderate risk. The American Heart
Association/American College of Cardiology (AHA/
ACC) guidelines recommend an invasive strategy for
patients at high risk, but specify that either an invasive
strategy or a conservative strategy is appropriate for
patients at moderate or low risk.1 Nevertheless, in large-
scale international registries, only 25–28% of patients
with non-ST-elevation myocardial infarction and 18% of
those with unstable angina undergo percutaneous
coronary intervention (PCI) during the initial hospital
admission.2,3 These rates vary by geographic region and
availability of PCI facilities (38% in the USA; 29% 
in Europe; 24% in Argentina and Brazil; and 16% in
Australia, New Zealand, and Canada).2

Results of the FRISC II trial (Fragmin and Fast
Revascularization during Instability in Coronary artery
disease) and the TACTICS-TIMI 18 trial (Treat Angina
with Aggrastat and determine Cost of Therapy with an
Invasive or Conservative Strategy) suggested that an early
invasive strategy was indicated if patients had ischaemia
on the electrocardiograph or raised biochemical markers
of myocardial damage.4–6 However, findings from these
two trials contrasted with the neutral or negative findings
from earlier studies.7,8 Interpretations of these trials are
influenced by contemporaneous standards of inter-
ventional therapy (instrumentation, stenting, adjunctive
therapy, use of internal mammary grafts), improvements
in antithrombotic therapy, the extent of separation
between strategies in revascularisations, and the
definitions of myocardial infarction.

RITA 3 was designed to test the hypothesis that
routine early angiography with myocardial
revascularisation (as clinically indicated) is better than a
conservative strategy in patients with unstable angina or
non-ST-elevation myocardial infarction. All patients
were to receive optimum medical treatment. Thus, RITA
3 compared two strategies: systematic angiography 
and, where angiographically indicated, revascularisation
versus optimum medical care with ischaemia-
provoked or symptom-provoked angiography and
revascularisation.

The definition of myocardial infarction has evolved
since the start of RITA 3. The new definition agreed 
by the European Society of Cardiology (ESC) and
ACC/AHA suggests that, with a typical clinical syndrome,
a rise and fall of troponin or creatine kinase-MB
concentration above the 99th centile of normal controls
should constitute myocardial infarction.9 Neither the new
definition nor the original WHO definition of myocardial
infarction provide justification for a difference in the
threshold for troponin (or cardiac enzyme) concentration
for the diagnosis of myocardial infarction between
patients who have had PCI and those who have not.
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Thus, by contrast with FRISC II and TACTICS-
TIMI 18, in which the threshold for diagnosis of
myocardial infarction differed between those undergoing
revascularisation (PCI or coronary-artery bypass grafting
[CABG]) and those treated conservatively, RITA 3 used a
common definition for myocardial infarction irrespective
of treatment strategy. This issue is important in the
interpretation and comparison of trials of intervention in
acute coronary syndromes.10–13

Patients and methods
Patients
From Nov 12, 1997, to Oct 2, 2001, we enrolled patients
from 45 hospitals in England and Scotland, UK. Most
hospitals (n=37) were district or community hospitals
without revascularisation facilities on site. 19 centres
served as the referral intervention sites, eight of which also
served as recruitment centres.

Patients were eligible for inclusion if they had suspected
cardiac chest pain at rest and had documented evidence of
coronary artery disease with at least one of: evidence 
of ischaemia on electrocardiograph (ST-segment
depression, transient ST elevation, left bundle branch
block [documented previously], or T-wave inversion);
pathological Q waves suggesting previous myocardial
infarction; or arteriographically proven coronary artery
disease on a previous arteriogram. All those with probable
evolving myocardial infarction, including those for whom
reperfusion therapy was indicated, were ineligible. Those
in whom new pathological Q waves developed, or those
with creatine kinase or creatine kinase MB concentrations
twice the upper limit of normal before randomisation,
were excluded. Also excluded were those with myocardial
infarction within the previous month, PCI in the
preceding 12 months, or CABG at any time.

In all cases, the participating cardiologist needed to 
be uncertain about the optimum treatment strategy, 
and continued medical therapy had to be an acceptable
treatment option. The intention to proceed to coronary
arteriography within 72 h of the index episode of pain,
irrespective of clinical status, precluded participation in the
trial. Patients with haemodynamically significant valvular
heart disease or known cardiomyopathy were excluded.
Also excluded were those in whom myocardial ischaemia
was thought to have been precipitated by an arrhythmia,
anaemia, or non-coronary disease. Participants in any
other clinical trial were excluded. Multicentre national
ethical approval and local ethics committee approval were
obtained. An information brochure was provided to each
patient and informed written consent was obtained before
randomisation. In each centre, a non-trial physician was
identified to whom a patient could turn for discussion
about participation in the study.

Study procedures
RITA 3 was a prospective randomised multicentre trial
with parallel groups. Patients who satisfied the inclusion
and exclusion criteria were randomly assigned
angiography or conservative management within 48 h of
the index episode of cardiac chest pain. Randomisation
was done via a central telephone randomisation service,
stratified by centre. Patients randomised in centres
without on-site angiographic facilities were transferred to
an intervention centre.

Patients assigned to the conservative strategy were
managed with antianginal and antithrombotic medication.
Antianginal treatment was decided by the supervising
clinician and included a �-blocker unless contraindicated.
Patients were treated with aspirin and the antithrombin

agent was enoxaparin 1 mg/kg twice daily subcutaneously
for 2–8 days. The trial design took account of the fact that
optimum medical treatment would evolve as the trial
proceeded, and therefore glycoprotein IIb/IIIa inhibitors
or other antiplatelet agents could be prescribed if clinically
appropriate. Maximum medical treatment was to be
continued in patients assigned to the conservative group
of the trial with the objective of controlling anginal
symptoms. Failure of conservative treatment was defined
by recurrence of ischaemic pain at rest or on minimum
exertion, with transient or persistent electrocardiographic
evidence of ischaemia despite full antianginal medication
(which would usually include �-blockers, nitrates, and
antithrombotic treatment in clinically appropriate doses).
The inability to withdraw intravenous antianginal or
antithrombotic treatment without recurrence of ischaemic
pain also constituted failure of conservative treatment.
After discharge from hospital, medication was decided by
the supervising clinician, and coronary angiography could
be done for failure of the conservative regimen, including
exertional angina despite appropriate antianginal
medication, or evidence of ischaemia on exercise testing,
stress echo, or nuclear perfusion scanning.

Patients assigned to the interventional treatment strategy
were managed with optimum antianginal and antiplatelet
treatment (as for the conservative group), and enoxaparin 
1 mg/kg subcutaneously twice daily for 2–8 days. The
protocol specified that coronary arteriography should be
done as soon as possible after randomisation and ideally
within 72 h. Since most patients presented to community
and district hospitals, those assigned intervention were
transferred to intervention centres.

The requirement and type of revascularisation was
decided by the responsible clinician with no protocol
restriction in the use of intracoronary stents, other
interventional devices, or pharmacological treatments. PCI
could be done during the same procedure as the index
coronary arteriogram, and additional antithrombotic
treatment (beyond aspirin and enoxaparin) could be given
at the discretion of the operator (eg, thienopyridines and
glycoprotein IIb/IIIa inhibitors). For elective PCIs, the last
dose of enoxaparin was given 12 h before the procedure.
For urgent or emergency procedures within 6 h of the last
dose of enoxaparin, no additional anticoagulation was
given. Subcutaneous enoxaparin was continued after the
procedure (at least 12 h after the last dose) and for up to 
8 days or hospital discharge. For patients in whom surgical
revascularisation was selected, the protocol recommended
that—wherever possible—the revascularisation be done
during the index hospital admission. The protocol
recommended revascularisation of vessels with lesions with
at least 70% cross-sectional stenoses (�50% left main), if
technically feasible.

Follow-up was to be maintained on all randomised
patients for 5 years, with patients seen at 4 months and
followed-up each year after randomisation. A member of
the executive committee had responsibility for monitoring
and quality control with regard to standards for secondary
prevention treatment in all patients, (aspirin, �-blockers,
angiotensin-converting-enzyme [ACE] inhibitors, and
hydroxy-3-methylglutaryl [HMG] coenzyme A reductase
inhibitors).

The co-primary trial endpoints were: a combined rate
of death, non-fatal myocardial infarction, or refractory
angina at 4 months; and a combined rate of death or non-
fatal myocardial infarction at 1 year. The hypothesis was
that an intervention strategy is better than a conservative
strategy. Secondary outcomes included angina scores,
quality-of-life scores, and health-economic evaluations.
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All components of the primary endpoints
were adjudicated by an independent
events adjudication committee who were
unaware of treatment assignment and
who did not otherwise participate in the
trial.

All reported deaths were reviewed by the
event adjudication committee. All patients
were registered with the Office of National
Statistics (England and Wales) and the
General Register Office (Scotland) to
facilitate long-term follow up.

Q-wave myocardial infarction was
diagnosed when the event validation
committee detected new Q waves on
follow-up electrocardiographs compared
with baseline electrocardiographs. All
electrocardiographs were screened for
new or evolving changes. Other
myocardial infarctions were diagnosed by
the combination of a typical clinical event
and electrocardiographic evidence of
acute infarction associated with a rise in
concentration of at least one cardiac
enzyme or marker to twice the upper limit
of normal. In patients for whom baseline
concentrations of enzymes or markers
were already raised, the definition required a subsequent
rise of more than two-fold in enzymes or markers beyond
the first 24 h after randomisation. Possible myocardial
infarction was classified by a clinically recognised event
and the rise of one or more enzymes or markers in the
absence of electrocardiographic change. However,
possible myocardial infarctions were not included in the
prespecified definition of the primary endpoint. A
subsidiary analysis was done in which the new ESC/ACC
criteria for infarction were applied.9

Refractory angina after randomisation was diagnosed
during the index hospital admission by the recurrence of
suspected cardiac chest pain, with electrocardiographic
evidence of ischaemia, and provoking myocardial
revascularisation within 24 h of the onset of pain. After
discharge, refractory angina was diagnosed if the patient
was readmitted with an episode of cardiac chest pain
associated with new electrocardiographic evidence of
myocardial ischaemia. Angina was graded by the
Canadian Cardiovascular Society (CCS) classification.

Statistical analysis
Published estimates of 1-year mortality among patients
with unstable angina or non-ST-elevation myocardial
infarction vary substantially (averaging 8% before 
RITA 3). Assuming a 12% incidence of death or non-fatal
myocardial infarction at 1 year, 1770 patients would be
required to show a 33% reduction in 1-year event rates
(80% power, 5% two-sided type I error). The calculations
took into account the assumption that some patients in
the conservative treatment strategy would cross over to
revascularisation. For the first primary endpoint—the
combination of death, non-fatal myocardial infarction, or
refractory angina at 4 months—a trial of this size is
similarly well powered to detect a 33% reduction in the
combined event rate in one of the treatment groups.

Statistical analysis was done according to intention to
treat. For the analysis combining evidence across trials, a
fixed-effects method was used together with a test of
heterogeneity to assess whether there was evidence that
the risk ratios for death or myocardial infarction differed
between trials. Data processing and statistical analysis

were done with STATA software (version 7) at the
Medical Statistics Unit of the London School of Hygiene
and Tropical Medicine (University of London). The data
monitoring committee reviewed the protocol and
monitored the course of the trial. RITA 3 was registered
with the meta Register of Controlled Trials (International
Standard Randomized Controlled Trial Number
ISRCTN 07752711).

Role of the funding source
The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
1810 patients were randomised: 895 to intervention and
915 to conservative management (figure 1). One patient
in the conservative group emigrated 4 months after
randomisation and was not traced for follow-up or
survival status at 1 year. Another patient, also in the
conservative group, is a member of the Armed Forces and
is known to be alive but was not available for follow-up at
1 year. Three patients were withdrawn immediately after
telephone randomisation because they failed the inclusion
criteria. Median follow-up was 2·0 years, and 97% of
patients had at least 1 year of follow up.

Overall, there was close similarity between patients
randomised to intervention and conservative treatment
(table 1). The mean age was 62 years and 682 (38%) were
women. Two-thirds of patients (n=1234) had angina
before admission, of whom over half (648) were rated
grade 3 or 4; 501 (28%) patients had had a previous
myocardial infarction. 1701 (94%) patients were on at
least one antianginal drug, a �-blocker being the most
common. 680 (38%) were on two such drugs and 289
(16%) on three or more. 1670 (92%) of patients had
electrocardiographic evidence of ischaemia; 742 (41%)
had ST depression or transient elevation of at least 
0·1 mV (table 1).

The intended randomised coronary angiogram was
done in 865 patients (97%), a median of 2 days after
randomisation (figure 2). At least one significantly
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1810 patients
         randomised

915 assigned
       conservative 
       strategy

915 assessed
       for primary
       endpoint

895 assessed
       intervention
       strategy

142 had non-
       randomised
       angiogram

314 had PCI
       planned

388 had medical
       treatment
       planned*

193 had CABG
       planned

94 had non-
     randomised
     PCI/CABG

895 assessed
       for primary
       endpoint

184 underwent
       CABG

311 underwent
       PCI

Figure 1: Trial profile
*Including 90 patients pending further clinical assessment or in whom no angiogram was done.
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stenosed vessel was found in 675 (78%) of patients: 280
(33%), 208 (24%), and 187 (22%), respectively, having
one-vessel, two-vessel, or three-vessel disease. PCI was
planned for 314 (36%) intervention patients, and all but
three had such PCI done, within a median of 3 days of
randomisation. CABG was planned for 193 (22%)
intervention patients, and all but nine underwent the
procedure, within a median of 22 days. 30-day mortality
for all CABGs was 3·0%. CABG was the intended
management strategy for 123 (66%) patients with three-

vessel disease. For patients with single-vessel disease, PCI
was most common (194 [69%]). Medical treatment was
planned for 159 (24%) patients with at least one diseased
vessel.

In those assigned intervention, most had their PCIs and
about half had their CABGs during the index admission
(table 2). In the conservative group, 94 patients had a
revascularisation procedure during the index admission
(61 had PCI, 32 had CABG, and one had both), and an
additional 158 patients (84 PCI, 71 CABG, three both)
had a revascularisation procedure within 1 year of
randomisation (table 2). In the intervention group, PCI
patients had a mean of 1·43 segments treated, 273 (88%)
received one or more stents, and 246 (96%) of the stented
patients were discharged on clopidogrel/ticlopidine. The
angiographic success rate was 96%. Similarly, for non-
randomised PCIs before discharge in the conservative
group, a mean of 1·47 segments were treated, 56 (90%)
received a stent, and 45 (82%) of the stented patients
were discharged on clopidogrel/ticlopidine. Angiographic
success was 95%. The overall 1-year revascularisation
procedure rates in the intervention group (57%) and the
conservative group (28%) were substantially different
(figure 3).

The predefined primary endpoint at 4 months was the
combined incidence of death, non-fatal myocardial
infarction, or refractory angina. This endpoint occurred 
in significantly fewer patients in the intervention group
than in the conservative group (table 3, figure 4). The
significant difference was maintained at 12 months (risk
ratio 0·72, 95% CI 0·58–0·90, p=0·003). Intervention
halved the likelihood of death, myocardial infarction,
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Intervention Conservative 
(n=895) (n=915)

Age (years)* 63 (10) 62 (11)
Women 350 (39%) 332 (36%)
Previous MI 267 (30%) 234 (26%)
Previous PTCA 44 (5%) 49 (5%)
Diabetes mellitus 130 (15%) 114 (12%)
Hypertension; on drug therapy 315 (35%) 317 (35%)
Blood pressure (mm Hg)*

Systolic 132 (23) 131 (23)
Diastolic 74 (14) 73 (14)

Total cholesterol (mmol/L)* 5·6 (1·2) 5·7 (1·2)
Anti-anginal medication

�-blocker 645 (72%) 654 (71%)
Calcium antagonist 311 (35%) 318 (35%)
Nitrate (oral or IV) 464 (52%) 452 (49%)
Potassium-channel activator 78 (9%) 71 (8%)

Other current medication
LMW heparin 754 (84%) 768 (84%)
IV unfractionated heparin 95 (11%) 99 (11%)
Aspirin 822 (92%) 840 (92%)
ACE inhibitor 171 (19%) 156 (17%)
Statin 406 (45%) 404 (44%)

Any angina preadmission 608 (68%) 626 (68%)
Angina grade 3 or 4 preadmission 316 (35%) 332 (36%)
Electrocardiographic evidence of 
myocardial ischaemia

ST depression (�0·1 mV) 326 (36%) 334 (37%)
Transient ST elevation (�0·1 mV) 65 (7%) 74 (8%)
Ischaemic T-wave abnormalities 660 (74%) 638 (70%)
Left bundle branch block 31 (3%) 33 (4%)
ST depression or elevation 361 (40%) 381 (42%)
Patients with ECG evidence 829 (93%) 841 (92%)

Q-waves suggesting previous MI 180 (20%) 173 (19%)
Evidence of CAD on previous arteriogram 85 (10%) 95 (10%)
Inclusion criteria

One of above 676 (76%) 700 (77%)
Two of above 173 (19%) 176 (19%)
Three of above 24 (3%) 19 (2%)
Raised troponin level only 22 (2%) 20 (2%)

MI=myocardial infarction; PTCA=percutaneous transluminal coronary
angioplasty; IV=intravenous; LMW=low molecular weight; ACE=angiotensin-
converting enzyme; ECG=electrocardiographic; CAD=coronary-artery disease.
Creatine kinase was raised at baseline in 154 (19%) in the intervention group
and 145 (17%) in conservative group. Troponin was raised at baseline in 
75 (71%) and 83 (78%) of troponin assays, respectively. *Mean (SD).

Table 1: Patients’ characteristics at randomisation
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Figure 2: Timing of first coronary arteriogram, either
randomised or non-randomised, up to 1 year of follow-up

Intervention Conservative 
(n=895) (n=915)

Coronary angiogram
Number who received intended angiogram 865 (97%) ··
During index admission 857 (96%) 142 (16%)
Within 1 year 868 (97%) 440 (48%)

PCI
PCI from randomised angiogram 311 (35%) ··
During index admission 291 (33%) 62 (7%)
Within 1 year 325 (36%) 149 (16%)

CABG
CABG from randomised angiogram 184 (21%) ··
During index admission 106 (12%) 33 (4%)
Within 1 year 196 (22%) 109 (12%)

Any revascularisation procedure
From randomised angiogram 495 (55%) ··
During index admission 397 (44%) 94 (10%)
Within 1 year 509 (57%) 252 (28%)

Table 2: Cardiac procedures since randomisation

Figure 3: Timing of first coronary revascularisation, either
randomised or non-randomised, up to 1 year of follow-up
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refractory angina, or further revascularisation (figure 5).
The frequency of refractory angina in the conservative
group was significantly greater than in the intervention
group at 4 months and at 1 year.

The co-primary endpoint of death or non-fatal
myocardial infarction within 1 year of randomisation
occurred in a similar proportion of patients in both groups
(table 3, figure 6). The numbers of patients who died or
had a non-fatal myocardial infarction throughout all
known follow-up were 95 (10·6%) in the intervention
group and 118 (12·9%) in the conservative group (hazard
ratio 0·83, 95% CI 0·63–1·08).

Over a median of 2·0 years’ follow-up, 132 patients
died, with no significant difference between treatment
groups (table 3). There were 41 and 42 cardiac deaths in
the intervention and conservative groups, respectively.

In the intervention group, there were 15 non-fatal
myocardial infarctions related to procedures (four after
arteriography, 11 during PCI, and none during CABG),
whereas in the conservative group, there were four
myocardial infarctions attributed to procedures (one
angiogram, two PCI, and one CABG). During all follow-
up, 30 patients in the intervention group and 52 in 
the conservative group had a non-procedure-related
myocardial infarction (p=0·019). Counting all myocardial

infarctions, whether procedure-related or not, 45 and 
56 patients had a myocardial infarction in the intervention
and conservative groups, respectively (a non-significant
difference).

Bleeding events (all types) occurred in 73 (8%)
intervention patients and 32 (4%) conservative patients
during the index admission. However, 56 of the 73 bleeds
in intervention patients were arterial access or wound-site
bleeds. Overall, only 16 of 1810 required a transfusion for
a non-CABG-related bleed.

Subgroup analyses were undertaken to see whether the
treatment comparisons for either primary endpoint were
dependent on age, sex, angina grade at baseline, ST
depression at baseline (yes/no), and raised creatine kinase
at baseline (yes/no). Findings were consistent across
subgroups except for an interaction between treatment
strategy and sex. For men, the incidence of death,
myocardial infarction, and refractory angina at 4 months
was higher in the conservative group than in the
intervention group (101 [17·3%] vs 48 [8·8%]), but 
for women, incidence was similar in both groups 
(32 [9·6%] vs 38 [10·9%]; interaction test p=0·004). At 
1 year, death or myocardial infarction occurred in 
17 (5·1%) women in the conservative group and 
30 (8·6%) in the intervention group, whereas the
incidence for men was 59 (10·1%) and 38 (7·0%),
respectively (interaction test p=0·011).
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Intervention Conservative Risk ratio p
(n=895) (n=915) (95% CI)

Deaths
Within 4 months 26 23 1·16 (0·66–2·01) 0·61
Within 1 year 41 36 1·16 (0·75–1·80) 0·50
All follow-up* 60 72 0·86 (0·61–1·22) 0·40

Myocardial infarctions (MIs)
Within 4 months 30 34 0·90 (0·56–1·46) 0·68
Within 1 year 34 44 0·79 (0·51–1·22) 0·29
All follow-up* 45 56 0·82 (0·55–1·21) 0·32

Refractory angina
Within 4 months 39 85 0·47 (0·32–0·68) <0·0001
Within 1 year 58 106 0·56 (0·41–0·76) 0·0002

Primary endpoints
Death, MI, or 86 (9·6%) 133 (14·5%) 0·66 (0·51–0·85) 0·001
refractory angina 
within 4 months
Death or MI within 68 (7·6%) 76 (8·3%) 0·91 (0·67–1·25) 0·58
1 year

*Median 2·0 years’ follow-up. 

Table 3: Deaths, myocardial infarctions, and refractory angina
by treatment strategy

C
um

ul
at

iv
e 

pe
rc

en
ta

ge

Time since randomisation (months)
0 2 4 6 8 10 12

Intervention

Conservative

Number at risk
Intervention
Conservative

895 805
915 775

747
713

0

30

20

10

Time since randomisation (months)
0 2 4 6 8 10 12

Number at risk
Intervention
Conservative

895 787 720
915 666 555

Conservative (334 events)

Intervention (149 events)

0

40

30

20

10

C
um

ul
at

iv
e 

pe
rc

en
ta

ge

Time since randomisation (months)
0 124 24 36

Number at risk
Intervention
Conservative

Conservative

Intervention

263536
532 259

895 841 800
806854915

0

30

20

10

C
um

ul
at

iv
e 

pe
rc

en
ta

ge

Figure 4: Cumulative risk of death, myocardial infarction, or
refractory angina
SE bars are shown for co-primary endpoint of death, myocardial infarction,
or refractory angina by 4 months.

Figure 5: Cumulative risk of death, myocardial infarction,
refractory angina, or non-randomised revascularisation

Figure 6: Cumulative risk of death or myocardial infarction
SE bars are shown for co-primary endpoint of death or myocardial
infarction by 12 months.
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Relative to baseline, the prevalence of angina fell
substantially with both treatment strategies (figure 7).
The reduction was more pronounced in the intervention
group, with the prevalence of angina CCS grade 2 or
greater at 4 months being 26·3% and 36·3% in the
intervention and conservative groups, respectively—an
absolute difference of 10·0% (95% CI 5·7–14·4,
p<0·0001). At 1 year this absolute difference was 7·6%
(3·2–11·9, p=0·0006).

The use of antianginal drugs decreased during follow-
up, especially in the intervention group. At 1 year, 193
(23·8%) intervention patients and 122 (14·8%)
conservative patients were not on any antianginal drugs
(p<0·0001). The use of ACE inhibitors, �-blockers, 
and statins had increased to 436 (24%), 1284 (72%), and
1242 (70%) patients, respectively, at discharge from the
index hospital admission, with no treatment difference—a
pattern that was maintained during follow-up.

Discussion
RITA 3 shows that an interventional strategy results in a
significant reduction in the combined endpoint of death,
non-fatal myocardial infarction, or refractory angina.
The main effect was on refractory angina. The definition
of refractory angina in our study was stringent, and
during the index admission required recurrence of
ischaemic pain at rest or on minimum exertion, despite
maximum medical treatment, associated with new
electrocardiographic changes and prompting
revascularisation within 24 h. After discharge, diagnosis
of refractory angina required new ischaemic symptoms
and electrocardiographic changes that prompted
readmission to hospital. An interventional strategy
halved the frequency of refractory angina at 4 months
(risk ratio 0·47, 95% CI 0·32–0·68) with an absolute
difference of about 5 per 100, which persisted at 1 year.

Thus, an interventional strategy has a striking effect
on the reduction of severe and disabling symptoms of
ischaemia, including those that prompted emergency

revascularisation within 24 h or emergency hospital
admission. Up to a median of 2 years of follow-up, the
effect on deaths or myocardial infarctions was not
significant.

Patients in RITA 3 were at moderate risk. 8·3% of
conservatively treated patients died or had a myocardial
infarction at 1 year, compared with 14·1% in FRISC II
and 12·2% in TIMI IIIB.4,5,7 The protocol of RITA 
3 specified that a patient could be randomised provided
that the physician was uncertain about the benefits of
either strategy in that patient. As a consequence, the risk
profile of RITA 3 was lower than in previous trials.
Among patients randomised to conservative treatment,
only 11·0% underwent coronary arteriography within 
the first 7 days, but this figure rose to a third (34·3%) at 
4 months and a half at 1 year (48·1%).

The trial specified clear guidelines for failure of
conservative treatment, and such failure occurred 
within the first year in half of those assigned conservative
management, resulting in 27·5% requiring
revascularisation within a year. By contrast, 97% of
those assigned intervention underwent coronary
arteriography. By 30 days, 45·7% of the intervention
patients had undergone revascularisation (vs 12·7% in
the conservative group), and 56·9% at 1 year (vs 27·5%).
Thus, the treatment strategies in RITA 3 were well
separated and only FRISC II achieved similar
separation. The corresponding figures for TIMI IIIB
were 64% versus 58%, for VANQWISH 44% versus
33% (23 months), for FRISC II 78% versus 43%, and
for TACTICS-TIMI 18 61% versus 44% (6 months).5–8

The timing of PCIs was similar to that of FRISC II
(RITA 3 median 3 days, FRISC II median 4 days), but
CABG was done later in RITA 3 (median 22 days vs
7 days, respectively). Neither study tested very early
revascularisation in the first 24 or 48 h.

In RITA 3, the success in implementing the planned
revascularisation strategy was very high: in 311 of 
the 314 patients for whom PCI was the planned strategy
and in 184 of the 193 for CABG. The protocol
recommended revascularisation for vessels with at least
70% cross-sectional stenosis or at least 50% left main
stenosis. In the intervention patients, medical treatment
was the chosen treatment plan in 298 patients, of whom
46% had no significant diseased vessels and 26% had
single-vessel disease.

The trial design allowed developments in techniques
of percutaneous or surgical revascularisation and
adjunctive pharmacological treatment or secondary
prevention therapy to be incorporated as the trial
progressed. The antithrombin agent used in this study
was enoxaparin, on the basis of the evidence from 
the ESSENCE and TIMI 11B trials which indicated 
that enoxaparin was better than unfractionated
heparin.14–16 Additional antiplatelet and antithrombin
treatment (glycoprotein IIb/IIIa inhibitors and
thienopyridine) was allowed at the discretion of the
interventionist.

Overall, 88% of PCI patients were treated with a 
stent (65% in FRISC II, 83% in TACTICS-TIMI 18),
of whom 96% were discharged on clopidogrel or
ticlopidine and none required emergency coronary
bypass surgery after intervention. A quarter of PCI
patients were treated with a glycoprotein IIb/IIIa
inhibitor, compared with 10% in FRISC II and, by
design, almost all (94%) in TACTICS-TIMI 18. For
those undergoing surgery, a mean of 3·1 vessels were
bypassed and the internal mammary graft artery used 
in 84%. The mortality at 30 days for all CABG was
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Figure 7: Prevalence of angina over time by treatment

Intervention Conservative Risk ratio p
(n=895) (n=915) (95% CI)

Myocardial infarction
4 months 80 (8·9%) 119 (13·0%) 0·69 (0·53–0·90) 0·006
1 year 84 (9·4%) 129 (14·1%) 0·67 (0·51–0·86) 0·002

Death or myocardial infarction
4 months 95 (10·6%) 136 (14·9%) 0·71 (0·56–0·91) 0·007
1 year 112 (12·5%) 156 (17·1%) 0·73 (0·59–0·92) 0·007

Table 4: RITA 3 data analysed according to ESC/ACC
definition of myocardial infarction
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3·0%, which is similar to the UK figures for all
(including elective) CABG (2·7%) and the US Society 
of Thoracic Surgeons Database (3·0%) in 2000.17,18

Thus, the practice characteristics and outcomes for
revascularisation are similar to contemporaneous
international data, but the use of glycoprotein IIb/IIIa
inhibitors was lower than in some countries.
Nevertheless, it is similar to that seen in the
International GRACE Registry2 and the Euro Heart
Survey.3

Secondary prevention treatment was implemented 
in a substantially higher proportion of patients than
reported in EUROASPIRE.19 More than 90% of patients
were discharged on aspirin, 72% on �-blockers, 70% 
on HMG coenzyme A reductase inhibitors, and a
quarter on ACE inhibitors. Implementation of such
secondary prevention measures will tend to reduce the
frequency of death and myocardial infarction during
follow-up.

A key issue when comparing intervention with
conservative treatment concerns the way in which
myocardial infarction is defined and the criteria for
procedure-related infarctions. In RITA 3, all endpoints
were adjudicated independently and without knowledge
of treatment assignment, and a consistent definition for
myocardial infarction was used for both groups of the
trial. RITA 3 preceded the new ESC/ACC definition of
myocardial infarction based on increased troponin
concentrations.9 However, neither the WHO definition
nor the ESC/ACC definition provide justification for
different criteria being used for the diagnosis of
myocardial infarction among patients undergoing PCI
compared with those treated conservatively. By contrast
with RITA 3, FRISC II and TACTICS-TIMI 18
defined a conservatively treated patient as having
sustained an infarction with a rise in enzyme or marker
concentration above the diagnostic limit for normal
controls (usually a two-fold increase in FRISC II and
any increase above normal in TACTICS-TIMI 18).4,6

However, after PCI a three-fold rise in enzymes was
required and after CABG new electrocardiographic Q
waves were required for the definition of myocardial
infarction.4,6 This approach was applied consistently to
both groups of those trials but inevitably most patients in
the conservative group would have been subject to the
more sensitive definition of myocardial infarction. Thus
the more stringent requirements for inclusion of
myocardial infarction after PCI might have amplified the
differences between the groups in FRISC II and
TACTICS-TIMI 18 with respect to the frequency of
myocardial infarction.

To compare the results of RITA 3 with previous 
trials, we did an additional analysis applying the new
ESC/ACC criteria for myocardial infarction to the two
groups of the RITA 3 trial. A substantially larger number
of infarctions was identified among non-intervention
patients, and such patients were predominantly in the
conservative group of the trial (at 4 months 50
intervention and 115 conservative patients fulfilled
ESC/ACC criteria for myocardial infarction, and the
respective figures at 1 year were 54 and 125). Thus if
one applies the ESC/ACC criteria for myocardial
infarction, the RITA 3 trial would show a highly
significant difference in death or myocardial infarction,
and in myocardial infarctions alone, at 4 months and at
1 year (table 4). However, this difference might have
arisen from the lower threshold for diagnosis of
myocardial infarction among conservatively treated
patients.

The prognostic significance of PCI-related increases
in enzyme concentrations as distinct from spontaneous
myocardial infarctions is controversial. However, a
report13 based on 8838 patients concluded that the
adverse prognostic implications (risk of death) from
periprocedural myocardial necrosis should be regarded
as similar to spontaneous necrosis (even for increases of
1–3 times the upper limit of normal).

Comparison of RITA 3 with previous trials of
intervention versus conservative treatment requires 
that several factors be taken into consideration. TIMI
IIIB was reported in 1994 and preceded modern
intervention, stent procedures, and adjunctive
treatment.7 The VANQWISH trial8 suggested a hazard
for revascularisation in patients with non-ST-elevation
myocardial infarction, but many of the deaths occurred
among patients assigned to intervention but in whom the
intervention was not done. Both of these trials had only a
modest difference in the frequency of interventions
between conservative and interventional strategies.7,8

FRISC II had well separated strategies and a factorial
design with dalteparin treatment.4 By 1 year,
intervention led to a significant reduction in deaths.
TACTICS-TIMI 18 reported an excess of early deaths
with intervention (2·2% vs 1·6%), but these proportions
were balanced at 6 months (3·3% vs 3·5%). The effect of
intervention on myocardial infarction in TACTICS-
TIMI 18 might have been influenced by the definition of
myocardial infarction.6 A composite analysis of all of the
trials reveals that significant heterogeneity does exist
with respect to the risk ratios of death or myocardial
infarction at 1 year (figure 8).4–8,20–22 The composite
analysis suggests a risk ratio of 0·88 (95% CI
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Number of deaths or MIs within 1 year Risk ratio (95% CI)

Intervention Conservative
68/895  (7·6%) 76/915  (8·3%)

4/64  (6·3%) 15/67  (22·4%)
81/1114  (7·3%) 105/1106  (9·5%)

6/76  (7·6%) 12/72  (16·7%)
127/1219  (10·4%) 174/1234  (14·1%)

11/111  (9·9%) 6/90  (6·7%)
111/462  (24·0%) 85/458  (18·6%)

52/484  (10·8%)

RITA 3
VINO*
TACTICS-TIMI 18
TRUCS
FRISC II
MATE
VANQWISH
TIMI IIIB 62/509  (12·2%)

0·1 0·5 1·0 2·0 10·0
Intervention better

Combined risk ratio 0·88 (95% CI 0·78–0·99)

Conservative better

Heterogeneity
test p=0·005

Figure 8: Reported incidence of myocardial infarction (MI) and/or death in eight trials of intervention versus conservative
management for unstable angina or non-ST-elevation myocardial infarction
*6-month outcomes in TACTICS-TIMI 18 and VINO.
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0·78–0·99), on the borderline of significance, thus not
providing conclusive evidence for a benefit with respect
to death or myocardial infarction. Nevertheless, the
effect on the combination of death, myocardial
infarction, and refractory angina is consistent with the
findings of previous intervention trials in higher risk
patients. Both RITA 3 and FRISC II found benefits of
intervention in men, but not in women,4,5 but such
subgroup analyses must be interpreted with caution. 

RITA 3 has shown that, among patients with unstable
coronary syndromes, the combined endpoint of death,
non-fatal myocardial infarction, or refractory angina 
is significantly reduced in patients assigned intervention,
and that the main effect was on refractory angina. 
There were also significant and clinically meaningful
reductions in severe angina and the need for antianginal
therapy. Conclusive evidence for the effect on 
prognosis (death or myocardial infarction) will require
completion of the planned 5 year follow-up. As in
FRISC II and TACTICS-TIMI 18, the hazards of
intervention seem to be more than counterbalanced 
by the subsequent reduction in non-procedure-
related myocardial infarctions. Thus, for patients with
unstable angina or non-ST-elevation myocardial
infarction, at moderate risk, an interventional strategy 
is preferable to a strategy of ischaemia-provoked
revascularisation.
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