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Aims To determine characteristics, outcomes, prognostic
indicators and management of patients with acute coronary
syndromes without ST elevation.

Methods and Results A prospective registry was carried
out with follow-up for 6 months after index hospital
admission. A history of acute cardiac chest pain was
required plus ECG changes consistent with myocardial
ischaemia and/or prior evidence of coronary heart disease.
Patients with ST elevation or those receiving thrombolytic
therapy were excluded. A total of 1046 patients were
enrolled from 56 U.K. hospitals. The mean age was 66�12
years and 39% were female. The rate of death or non-fatal
myocardial infarction at 6 months was 12·2% and of death,
new myocardial infarction, refractory angina or re-
admission for unstable angina at 6 months was 30%. In a
multivariate analysis, patients >70 years had a threefold
risk of death or new myocardial infarction compared with
those <60 years (P<0·01) and those with ST depression or
bundle branch block on the ECG had a five-fold greater
risk than those with normal ECG (P<0·001). Aspirin was
given to 87% and heparin to 72% of patients in hospital. At
6 months 56% received no lipid-lowering therapy at all. The

6-month rate of coronary angiography was 27% and any
revascularization 15%.

Conclusions In this cohort there was a one in eight chance
of death or myocardial infarction, and a one in three chance
of death, new myocardial infarction, refractory angina or
re-admission for unstable angina, over 6 months. Age and
baseline ECG were useful markers of risk. Aspirin, heparin
and statins were not given to about one-sixth, one-third and
one-half respectively. Rates of angiography and revascu-
larization appear low. A review of treatment strategies of
unstable angina and myocardial infarction without ST
elevation is warranted in the U.K. to ensure that patients
are receiving optimum treatments to reduce mortality and
morbidity.
(Eur Heart J 2000; 21: 1450–1457)
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Introduction
Acute coronary syndromes span the spectrum of typical
acute myocardial infarction with ST elevation to un-
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stable angina. Unstable angina and non-ST elevation
myocardial infarction appear to be poorly characterized
in clinical practice. In various studies 1-year death rates
varied from 2 to 18% and myocardial infarction rates
from 7 to 21%[1–4]. These apparently wide variations
in prognosis may reflect inconsistent definitions of
the syndrome. Useful treatment includes aspirin[5],
heparin[6] and beta-blockers[7], as well as conventional
anti-anginal treatments. Several newer antithrombotic
agents have been investigated for treating these
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syndromes, including low molecular weight heparin[8],
platelet glycoprotein IIb/IIIa receptor agonists[9,10] and
direct antithrombin agents such as hirudin[11]. Investiga-
tion with angiography and subsequent revascularization
has an important place in the management of these
syndromes, although the optimal timing and frequency
of these interventions is still under investigation[12].
There is very little contemporary information available
about unstable angina and non-ST elevation myocardial
infarction in the U.K. We undertook the Prospective
Registry of Acute Ischaemic Syndromes in the U.K.
(PRAIS-UK) to determine characteristics, practice pat-
terns, outcomes and important markers of risk of
patients admitted to a wide range of U.K. hospitals with
acute coronary syndromes without ST elevation.

Methods

The study was designed as a prospective observational
cohort registry of patients admitted to U.K. hospitals
with acute coronary syndromes. A total of 56 U.K.
hospitals participated. Each hospital was asked to col-
lect data on 20 consecutive patients admitted with acute
coronary syndromes without ST elevation, irrespective
of admission location or consultant team. Patients had a
follow-up visit at 6 months following their initial hospi-
tal admission. To select sites we constructed a random
sampling framework of 69 U.K. hospitals admitting
patients with acute coronary syndromes, expecting the
eventual response rate to be 80% (55 hospitals) Only
50% of the original sample responded positively to our
invitation to participate. The main reason for non-
participation was an apparent lack of resources to
complete the study. The numbers were made up to 56 by
inviting other hospitals to take part.

Patients were eligible if they were admitted to the
hospital (either through casualty or directly to the
wards) with a primary clinical diagnosis of acute cor-
onary syndromes without ST elevation (unstable angina
or suspected non-Q wave myocardial infarction). ECG
abnormalities consistent with myocardial ischaemia
were required, but patients with a typical history and a
normal ECG at the time of hospital presentation were
included if they had pre-existing evidence of coronary
artery disease (e.g. prior myocardial infarction, prior
revascularization). Patients were required to give written
informed consent. The exclusion criteria were ST elev-
ation >1 mm in two or more contiguous leads on the
ECG or planned or actual treatment with thrombolytic
therapy on admission. The study was approved by the
Multicentre Research Ethics Committee and the Local
Research Ethics Committees of each participating
hospital.

Outcomes of interest included death, new myocardial
infarction, refractory angina and readmission with
unstable angina. The definition of new myocardial
infarction required at least two of the following: (1) new
severe cardiac chest pain, (2) creatine kinase or other
cardiac enzyme rise to twice the upper normal limit, (3)
new ECG changes (either prolonged ST elevation or new
Q waves). Refractory angina was defined as new cardiac
chest pain in hospital with associated ECG changes
consistent with ischaemia lasting at least 5 min despite
optimal medical therapy (including intravenous nitrates)
and leading to either thrombolysis for threatened myo-
cardial infarction, insertion of an intra-aortic balloon
pump or revascularization within 7 days of its onset.

Data were collected on case report forms that were
sent to the co-ordinating centre at the Royal Brompton
Hospital. Data checks for completeness and consistency
were performed and edit queries generated. A random
sample of eight centres was visited (15% of the total) for
source data verification and to verify the screening
methods used.

Statistical issues

A pragmatic sample size of 1000 patients was estimated
to be sufficient to carry out a risk stratification analysis
using the major baseline prognostic variables such as age
and ECG. We estimated that for death or non-fatal
myocardial infarction we would have 120 events and for
the composite of death, non-fatal myocardial infarction,
refractory angina and readmission for unstable angina
we would have 250 events. Analysis was performed
using Stata software. Comparison of proportions were
made using the chi-squared test. Multiple logistic regres-
sion was used to determine whether prognostic variables
were still statistically significant when corrected for
other variables that were significantly associated with
adverse outcomes on the univariate analysis.

Results

A total of 1046 patients were entered into the registry
from 56 participating centres between 23 May 1998 and
3 February 1999. Six hospitals recruited less than 20
patients as they were unable to complete recruitment
before the pre-specified termination date for the end of
the screening phase of the study. One hospital appar-
ently recruited 15 patients, but no data were received.
Comparison of data from the original sample hospitals
with non-sample hospitals did not show any important
differences in baseline characteristics, medical history or
outcomes (data not shown). Data at 6 months were
unavailable for 1031 (99%) of the patients. On-site
monitoring revealed no evidence of the systematic exclu-
sion of eligible patients and less than 1% of data points
were incorrectly completed.

Baseline characteristics

The mean age at presentation was 66�12 years;
61% were male, 16% had diabetes, 37% treated hyper-
tension, 23% were current smokers, 48% had had a prior
Eur Heart J, Vol. 21, issue 17, September 2000
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myocardial infarction and 23% prior revascularization
(either PTCA or CABG). The admission clinical
diagnosis was unstable angina in 95% and myocardial
infarction without ST elevation in 5% of patients. Based
on cardiac enzyme elevation at hospital admission,
13·9% had myocardial infarction associated with
admission symptoms. Baseline data are summarized in
Table 1.

Rates of major adverse outcomes (Table 2)

Rates of death were 1·5% and 7·4% in-hospital and at 6
months respectively, and rates of myocardial infarction
were 3·9% and 7·3% respectively. For the composite of
death or new, non-fatal myocardial infarction, the rates
were 5·0% and 12·2%. For the combination of death,
myocardial infarction, refractory angina or readmission
for unstable angina, rates of events were 7·6% and 30·0%
respectively.

Influence of baseline variables on prognosis

In univariate analyses, age, ECG category, prior heart
failure, male sex, low admission systolic blood pressure,
high admission heart rate and prior PTCA were associ-
Eur Heart J, Vol. 21, issue 17, September 2000
ated with an increase in death or new myocardial
infarction. A multivariate analysis was performed to
account for interactions between these variables. In this
analysis, the odds ratios (OR) for the composite of death
or non-fatal myocardial infarction for age strata 60–70
and >70 years were 2·2 (95% confidence interval [CI]
1·21–3·95, P=0·01) and 3·5 (95% CI 2·03–5·87,
P<0·001), respectively, compared with <60 years. The
rates for death or new myocardial infarction were 5·7%,
11·7% and 17·3% for those aged <60, 60–70 and >70
years, respectively. When baseline ECG was divided into
three categories (normal, T inversion or other abnor-
mality, ST segment depression �1 mm or any bundle
branch block [BBB]), the rates of death/new myocardial
infarction were 6·0%, 10·4% and 25·3%, respectively. In
the multivariate analysis, the OR for death or myocar-
dial infarction for T inversion on the ECG was 3·16
(95% CI 1·11–8·97, P=0·03) and for ST depression or
BBB was 5·02 (95% CI 1·66–15·12, P=0·004) compared
with normal ECG. Other significant markers of risk
were gender and a history of heart failure. These data
are summarized in Table 3. The rate of death or
non-fatal myocardial infarction in patients >70 years
and ST depression or BBB on the ECG was 31·7% (12·0
of the population), while the risk for <60 years with
normal ECG was 4% (4·6 of the population). The
interaction between each age stratum and the three ECG
categories is shown in Fig. 1.

Creatine kinase measurements were available for 904
patients (86%). Analyses of baseline creatine kinase,
peak creatine kinase or rise of creatine kinase were not
predictive of adverse outcome. Creatine kinase-MB
measurements were available in 16·7% of patients. Tro-
ponin was measured in 4·6% of patients and stress
testing in 13% (1% with thallium) prior to hospital
discharge.

In a Kaplan–Meier analysis of the time to first event,
most of the risk for major adverse events occurred in the
first 30 days following admission. However, there was
continuing risk throughout the 6-month follow-up,
especially for the composite outcome of death, new
Table 1 Baseline characteristics

Characteristic All patients
(n=1046)

Number in
each group

Age (years)
Mean 66�12
<60 32·7% 342
60–70 27·2% 284
>70 40·2% 420

Time from pain onset (h) 3 (IQR 1·5–8·2)
Admitted with chest pain 71·9% 752
Systolic BP (mmHg) 147�29
Diastolic BP (mmHg) 82�16
Heart rate (beats . min�1) 78�19
MI associated with

admission symptoms
13·9% 145

ECG
Normal 15·9% 166
ST depression/BBB 29·1% 304
Other changes 55·0% 576

Gender (% male) 60·7% 635
Diabetes 16·3% 170
Treated hypertension 37·1% 388
Prior stroke 7·7% 81
Heart failure 13·3% 139
Current smoker 22·9% 239
Prior angina 74·4% 778
Prior MI 48·2% 504
Prior PTCA 13·4% 140
Prior CABG 13·6% 142

IQR=interquartile range, BP=blood pressure, ECG=electro-
cardiogram, BBB=bundle branch block, MI=myocardial
infarction, PTCA=percutaneous transluminal coronary angio-
plasty, CABG=coronary artery bypass grafting.
Table 2 Outcomes

Outcomes

In-hospital
n=1046

6 months
n=1033

% n % n

Death (%) 1·5 16 7·4 76
New MI (%) 3·9 41 7·3 75
RFA/readmission with UA 3·2 36 17·0 175
Death/MI 5·0 51 12·2 136
Death/MI/RFA/UA 7·6 81 30·0 316
Stroke 0·5 5 1·5 15
Death/MI/stroke 5·3 55 14·8 152
Heart failure 8·0 83 12·6 130
Major bleed 0·8 9 1·6 17

MI=myocardial infarction, RFA=refractory angina (in-hospital),
UA=unstable angina after hospital discharge.
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myocardial infarction, refractory angina or re-admission
for unstable angina (Fig. 2).

Treatments

The median time from symptom onset to hospital ad-
mission was 3 h (interquartile range [IQR] 1·5–8·2 h).
First admission was to a coronary care unit in 38% of
patients and to an acute admissions ward (defined as an
area with cardiac monitoring facilities) in 46%. The
median length of stay in hospital was 5 days (IQR 2–7
days).

Heparin (either intravenous unfractionated or low
molecular weight) was used in 72% of patients. Low
molecular weight heparin was used in 38% and intra-
venous unfractionated heparin in 28%. Both were used
in 6%. Median duration of treatment for patients receiv-
ing unfractionated heparin was 2 days (IQR 1–3) and for
those receiving low molecular weight heparin 3 days
(IQR 2–4). The use of oral drug therapies is summarized
in Fig. 3. Aspirin was used in 64% in patients on
admission, 87% in-hospital and 78% at 6 months, beta-
blockers were used in 32%, 50% and 41% and calcium
antagonists in 40%, 54% and 41%, respectively. Intra-
venous nitrates were used in 31% and other nitrates (oral
or buccal) in 79% of in-hospital patients.

Angiography and revascularization

The number of hospitals with cardiac catheterization
facilities was 28 (50%) and cardiac surgery facilities eight
(14%). The overall rate of coronary angiography, PTCA
and CABG in-hospital and at 6 months was 10% and
27%, 4% and 8% and 2% and 7%, respectively. At
6 months, 3% of patients were on a waiting list for
angiography and a further 3% were on a waiting list for
revascularization (either PTCA or CABG). The prob-
ability of undergoing coronary angiography, PTCA and
CABG during the index hospital admission to a hospital
with cardiac catheterization facilities compared with a
hospital without these facilities, was 17% and 3%, 7%
and 1% and 4% and 0%, respectively (P<0·01 for all
comparisons).

We performed a multivariate regression analysis to
determine patient characteristics that were associated
with receiving angiography. The following variables
associated with increased risk of death or new myocar-
dial infarction in this population were used: increasing
age, gender, prior history of heart failure and baseline
ECG. The interaction between rates of angiography at 6
months, age and admission ECG category is shown in
Fig. 4. The odds ratios for angiography at 6 months for
age strata 60–70 and >70 years were 0·79 (95% CI
0·57–1·11, P=NS) and 0·38 (95% CI 0·27–0·54,
P<0·0001), respectively, compared with <60 years. The
rate was 29·1% in men compared with 25·3% in women
(OR 0·95, 95% 0·71–1·28, P=0·8) and 16·0% for those
with a prior history of heart failure compared with
29·3% for those without (OR 0·60, 95% CI 0·37–098,
P=0·03). For those with ST depression or BBB, the rate
was 27·7% compared with 25·0% and 28·3% in those
with a normal ECG or T inversion respectively.

Lipid management

Overall, 28%, 43% and 44% were taking a statin on
admission, at discharge and at the 6-month follow-up
respectively. Total cholesterol was measured in 63% of
patients. When total cholesterol was divided into four
strata (total cholesterol <5·0, 5·0–<6·0, 6·0–<7·0,
�7·0 mmol . l�1), 50% of those already taking statins
had a total cholesterol <5·0 mmol . l�1 compared with
Table 3 Multivariate analysis for risk of death or non-
fatal myocardial infarction at 6 months

Factor Odds
ratio

95% Confidence
interval P

ECG on admission
Normal 1
ST�/BBB 5·02 1·66–15·12 0·004
Other 3·16 1·11–8·97 0·03

Age
Age per 5 years increase 1·24 1·12–1·37 <0·001
<60 1
60–70 2·2 1·21–3·94 0·01
>70 3·5 2·03–5·87 <0·001

Gender (M:F) 1·64 1·07–2·52 0·02
Heart failure 1·88 1·14–3·12 0·01
Diabetes 1·56 0·95–2·56 0·08
Prior PTCA 1·61 0·95–2·73 0·08
Systolic BP

(per 10 mmHg)
0·94 0·88–1·01 0·09

Heart rate
(per 5 beats . min�1)

1·00 1·00–1·01 0·21

Prior aspirin use 0·79 0·52–1·21 0·28
Prior MI 1·02 0·66–1·57 0·93

CI=Confidence intervals, ECG=electrocardiogram, BBB=bundle
branch block, BP=blood pressure, MI=myocardial infarction,
PTCA=percutaneous transluminal coronary angioplasty.
T inversion - T wave inversion; Q waves or other
abnormalities; BBB - bundle branch block
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Figure 1 Six-month risk of death or new myocardial
infarction (MI) stratified by age and ECG.
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20% of those not taking a statin (P<0·001) and 12%
and 47%, respectively, had a total cholesterol
�6·0 mmol . l�1 (P<0·001). There was a strong positive
Eur Heart J, Vol. 21, issue 17, September 2000
relationship between measured total cholesterol and
the probability of receiving a statin at discharge and
6 months (P<0·001 for trend). Patients with total
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Figure 2 Kaplan–Meier curves for events from index admission. Death/MI=death or new myocardial
infarction; Death/MI/RFA/UA=death, new myocardial infarction, refractory angina or readmission for
unstable angina.
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cholesterol 6·0–7·0 and �7·0 mmol . l�1 had a 52% and
47% probability respectively of not receiving a statin
over a 6-month follow-up.

Discussion

Our study enrolled a very high proportion of patients
with acute coronary syndromes and documented cor-
onary artery disease. Death, new myocardial infarction,
refractory angina or readmission for unstable angina at
6 months occurred in about one-third of patients. Thus
PRAIS-UK found that acute coronary syndromes with-
out ST elevation carry a substantial burden of mortality
and morbidity with continuing risk at 6 months. Age
and baseline ECG provide much of the prognostic
information. About 30% of patients did not receive an
effective heparin regimen in hospital and, by 6 months,
nearly one-quarter of patients were not taking aspirin.
Angiography was performed in about one-quarter of
patients at 6 months and revascularization in about
one-sixth. Angiography rates were lower in some
higher risk categories including older patients or those
with prior heart failure. The majority of patients
were not treated with a statin, including about half of
those with high cholesterol and established coronary
artery disease.

The GUSTO IIb study enrolled 12 142 patients with
acute coronary syndromes and an abnormal ECG[13].
Early mortality was higher in those presenting with ST
elevation than ST depression. By 20 days the mortality
curves had crossed and at 6 months mortality in patients
with ST elevation was 6·8% compared with 8·9% in
those with ST depression. The combined end-point of
death or myocardial infarction was 12·3% and 15·4%,
respectively. The OASIS registry enrolled similar
patients to PRAIS-UK from six countries (U.S.A.,
Australia, Brazil, Canada, Poland, Hungary)[14]. The
rate of death was 4·7% at 6 months in the 7987 OASIS
registry patients compared with 7·4% in PRAIS-UK.
The combination of death or non-fatal myocardial
infarction occurred in 11% versus 12·2% respectively. A
smaller American registry of 393 patients[15] also ident-
ified age and ST depression as important predictors of
adverse outcomes, but PRAIS-UK provides stronger
correlation with clear gradation of risk in the important
subgroups (Fig. 1). Troponin measurement[16] and stress
testing[3] have been shown to be useful in identifying
high-risk patients who may benefit from more intensive
management but both strategies were used infrequently
in our cohort. In addition, the use of specialized
chest pain units may allow more appropriate risk
stratification[17].

The benefits of antithrombotic treatments with
heparin and aspirin for acute coronary syndromes with-
out ST elevation are well established[18]. Intravenous
unfractionated heparin has been standard treatment, but
the use of low molecular weight heparins was higher in
our study[19]. The use of aspirin, heparin and beta-
blockers in our study was lower than in the OASIS
registry. For secondary prevention of acute coronary
syndromes without ST elevation, European[20] and U.K.
guidelines[21] state that total cholesterol should be
measured on admission in all patients, and statin treat-
ment started immediately if total cholesterol is
�6·0 mmol . l�1. Our data suggest that in spite of these
guidelines only a minority of eligible patients receive
statins and that a sizeable proportion of those who do
receive treatment still have an elevated total cholesterol.
The use of statins for similar patients recruited in the
4S[22], LIPID[23] and CARE[24] was associated with
about one-quarter to one-third relative risk reduction
for death and major cardiovascular events.

Overall rates of angiography and revascularization at
6 months in the U.K. were comparable to those seen in
Poland and Hungary (the lowest tertile in the OASIS
registry). The European Society of Cardiology Working
Group reported that rates of coronary angiography and
PTCA in the U.K., corrected for population, were about
one-third of those in Germany, about half of those in
France and about the same as those in Italy[25]. The
ENACT Registry (in this issue, page 1440) confirms
these observations. The U.K. has high rates of coronary
artery disease and there are concerns that revasculariz-
ation rates may be inappropriately low. However, no
optimal rate or timing for these interventions in acute
coronary syndromes without ST elevation has yet been
established[12,26]. The TIMI III registry of patients with
unstable angina found that women were treated less
intensely than men and that there was less angiography
performed in the elderly[27], but overall rates of angiog-
raphy were higher in all TIMI groups than in our study.
The Fragmin during Instability in Coronary Artery
Disease (FRISC) 2 study supports a strategy of routine
angiography and subsequent revascularization for
patients with acute coronary syndrome without ST
elevation[28].

Although a representative sample of U.K. hospitals
was planned, the final sample was achieved by inviting
a broad range of hospitals. The hospitals involved
serve about 14 million people, or one-quarter of the
U.K. population. In addition, there were no discernible
T inversion - T wave inversion; Q waves or other
abnormalities; BBB - bundle branch block
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differences in the patients and outcomes between hospi-
tals included in the original sample and those that were
not. For these reasons, we believe that the results are
generalizable to the U.K. as a whole.

Based on our findings, an increase in the use of exist-
ing effective treatments like aspirin, heparin, beta-
blockers and statins, and optimization of angiography
and revascularization, are needed in the U.K. The intro-
duction of newer effective treatments like glycoprotein
IIb/IIIa receptor antagonists is likely to be important
especially for higher risk patients[9,10]. Our experience
demonstrates that contemporary observational registries
identify potential deficiencies in treatment strategies, and
can help to guide improvements.
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