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Short and long term prognosis ofacute myocardial infarction since
introduction ofthrombolysis

Robert Stevenson, Kulasegaram Ranjadayalan, Paul Wilkinson, Robin Roberts, Adam D Timmis

Abstract
Objective-To record prognosis and determi-

nants of outcome in patients with acute myocardial
infarction since thrombolysis was introduced.
Design-Observational study.
Setting-London district general hospital.
Patients-608 consecutive patients admitted

to the coronary care unit with acute myocardial
infarction between 1 January 1988 and 31 December
1991.
Main outcome measure-All cause mortality,

non-fatal ischaemic events (myocardial infarction,
unstable angina), and revascularisation.
Results-Of the 608 patients, 89 (14.6%) died

in hospital. 596 patients were followed up after
discharge from hospital. Mortality (95% confidence
interval) at 30 days, one year, and three years was
16.0% (13.4% to 19.2%), 21.7% (18.6% to 25.2%),
and 29.4% (25.3% to 33.9Gb) respectively. Event free
survival (survival without a non-fatal ischaemic
event) was 80.4% (77.0Gb to 83.4%) at 30 days, 66.8%
(62.8% to 70.5%) at one year, and 56.1% (51.3% to
60.6%) at three years. Survival in patients treated
with thrombolysis was considerably higher than in
those not given thrombolysis (three year survival:
76.7% v 54.3%), although the incidence of non-fatal
ischaemic events was the same in the two groups.
Multivariate determinants of six month survival
were left ventricular failure, treatment with thrombo-
lysis and aspirin, smoking history, bundle branch
block, and age. For patients who survived six months,
age was the only factor related to long term survival.
Conclusions-Although patients treated by

thrombolysis had a relatively good prognosis, long
term mortality and the incidence of non-fatal recur-
rent ischaemic events remained high. Effective
strategies for the identification and treatment ofhigh
risk patients need to be reassessed.

Introduction
Observational studies of patients with acute myo-

cardial infarction have shown a steady improvement in
short term prognosis during the past 30 years and have
also documented the main clinical determinants of
outcome.' 2 All these studies, however, were conducted
before thrombolysis was introduced. Controlled
clinical trials have shown conclusively that thrombo-
lysis and aspirin reduce mortality in the generally low
risk patients who have fulfilled selection criteria,
but little information is available on the prognostic
impact of thrombolysis in routine clinical practice. We
examined short and long term survival in a large series
of consecutive patients with acute myocardial
infarction admitted to the coronary care unit of a
district hospital. Unlike in previous studies of this
type, thrombolysis and aspirin were used throughout
the study period.

Subjects and methods
The study group comprised all patients admitted to

the coronary care unit of Newham General Hospital
with acute myocardial infarction during 1 January
1988 to 31 December 1991. During this period there
were 633 admissions, including 25 patients who were
admitted twice. Since survival was taken from the first
admission only, the study group consisted of 608
patients. During the study period there were a further
924 admissions to the coronary care unit including
patients with unstable angina, cardiac arrhythmias,
and non-cardiac chest pain. Newham General Hospital
is the only acute general hospital in the Newham
Borough of east London and serves a population of
about 220 000. It was hospital policy to admit all
patients with suspected acute myocardial infarction to
the coronary care unit regardless of age. The study was
started at the time thrombolytic therapy had become
established as part of routine management of patients
with acute myocardial infarction. The diagnosis of
myocardial infarction was based on any two of
the following three criteria: typical chest pain, ST
elevation 001 mV in at least one standard or two
precordial leads, rise in serum creatine kinase con-
centration to greater than twice the normal laboratory
value (400 IU/1). Thrombolysis was recommended for
any patient with suspected myocardial infarction who
presented within 24 hours of the onset of continuous
chest pain and who had ST elevation greater than
0-1 mV in at least one standard or two adjacent
precordial leads. Contraindications to thrombolysis
were recent history of peptic ulceration -with active
symptoms, recent stroke or surgery (previous four to
six weeks), prolonged cardiopulmonary resuscitation,
and bleeding diathesis. Left or right bundle branch
block was not a contraindication to thrombolysis
if other crtieria for acute infarction were fulfilled.
Seventy one patients presented with or developed left
(n=24) or right (n=47) bundle branch block during
the course of admission. Of these, 14 and 30 patients,
respectively, received thrombolysis. The decision
whether to prescribe or withhold thrombolysis was left
to the discretion of the admitting doctor. All drugs,
including aspirin, were prescribed as indicated by the
admitting doctor (table I).

Baseline clinical data were collected prospectively
and stored electronically. The following information
was recorded: clinical history, examination findings,
electrocardiographic data, cardiac enzyme concentra-
tions, chest radiography findings, and details of treat-
ment. The diagnosis of left ventricular failure required
there to be symptoms of breathlessness accompanied
by basal crepitations or a third heart sound, or both,
and treatment with diuretics. Diabetes was recorded if
the patient required insulin, oral hypoglycaemic drugs,
or dietary restriction. Data relating to smoking habits
were obtained on admission. Patients were divided into
three groups: non-smokers (those who had never
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TABLE I-Details ofdrug
treatment at admission and at
hospital discharge

No (%) of No (%) of
patients patients

at at
admission discharge
(n=514) (n=493)

Aspirin 61(12) 423 (86)
blockers 87 (17) 185 (38)

Diuretics 82 (16) 127 (26)
Nitrates 112 (22) NA
Calcium

antagonists 69 (13) NA
Digoxin 9 (2) NA

NA= not available.

TABLE II-Baseline
characteristics ofstudy
population

No (0%) of
patients
(n= 608)

Age (years):
>70 159 (26 2)
60-69 185 (30 4)
50-59 169 (27 8)
<50 95(156)

Male 447 (73 5)
Ethnic group:
White 468 (77 0)
Asian 128 (21 1)
Afro Caribbean 12 (2-0)

Treatment:
Aspirin plus

thrombolysis 387 (63 7)
Thrombolysis only 54 (8-9)
Aspirin only 103 (16 9)
Neither 64 (10 5)

Infarct site:
Anterior 300 (49-3)
Inferior 305 (50 2)
Indeterminate 3 (0 5)

Q wave:
Q 472 (77-6)
Non-Q 136 (22-4)

Diabetes: 118 (19 4)
History of myocardial

infarction: 152 (25 0)
Smoking history:

Current smoker 350 (57 6)
Former smoker 98 (16 1)
Never smoked 160 (26-3)

smoked), former smokers (those who had stopped
smoking over a month before the index infarction), and
current smokers. The results of blood cholesterol
concentrations were not recorded on the database.

In all, 608 patients survived until discharge from
hospital, although information regarding non-fatal
recurrent ischaemic events or revascularisation, or
both, could not be verified in four cases. Follow up
after discharge was continued until June 1992 and data
were obtained on 596 (98%) patients. Ischaemic events
during the first admission to hospital were recorded
prospectively. Long term follow up was obtained
initially by questionnaire and telephone interview, and
details of readmissions to hospital were then obtained
by reviewing the case records of the relevant hospital.
Details of deaths occurring out of hospital were
obtained from the general practitioner. The following
end points were recorded: death, non-fatal ischaemic
events (myocardial infarction, unstable angina),
coronary artery bypass surgery, and coronary angio-
plasty. The diagnostic criteria for reinfarction were the
same as for entry into the study, and unstable angina
was defined as prolonged cardiac chest pain associated
with acute changes on electrocardiography requiring
urgent admission to the coronary care unit.

STATISTICAL ANALYSIS

Survival curves were generated by the Kaplan-Meier
method3 and survival probabilities expressed as per-
centages with 95% confidence intervals. Subgroups
were compared by the log rank test. For the 25 patients
who were admitted twice during the study period
survival was taken from the first admission only; their
second infarction was analysed as one of the main end
points. Multivariate predictors of survival were based
on a proportional hazards model,4 with improvements
in model fit based on the likelihood ratio statistic. The
proportionality assumption central to the Cox model
was examined by inspecting log cumulative hazard
curves for non-parallelism and by testing for improve-
ments in model fit with log time interaction terms.

Results
During the study period the use of thrombolytic

therapy rose from 54% of cases in 1988 to 80% by 1991,
and the use of aspirin increased from 46% to 93%.
Acute myocardial infarction was confirmed by

analysis of cardiac enzyme concentrations in 473 (78%)
patients, all of whom developed peak creatine kinase
concentrations above 400 IU/1. Of the remaining 135
patients, 46 died before a rise in enzyme concentrations
could be detected and 53 developed diagnostic Q
waves. Thus 36 patients had non-Q wave infarction
without a documented rise in cardiac enzymes, but all
of these presented with prolonged cardiac chest pain
and unequivocal regional ST elevation and all received
thrombolysis.

TABLE iii-Event free survival analysis for death from all causes; death from all causes and recurrent
ischaemic events; and deathfrom all causes, recurrent ischaemic events, and revasculanisation

% Survival % survival % Survival
at 30 days at 1 year at 3 years

(95% confidence (9500 confidence (95% confidence
interval) interval) interval)

Death:
All patients (n= 608) 84 0 (80 8 to 86 6) 78-3 (74-8 to 81 4) 70-6 (66-1 to 74 7)
Thrombolysis (n=441) 90 4 (87-3 to 92 8) 84-2 (80.3 to 87 4) 76-7 (71.4 to 81-2)
No thrombolysis (n= 167) 66 7 (58-9 to 73 3) 62-7 (54-8 to 69 6) 54 3 (45 6 to 62 1)

Death and recurrent ischaemia:
All patients (n=606) 80-4 (77 0 to 83-4) 66 8 (62 8 to 70 5) 56 1 (51-3 to 60 6)
Thrombolysis (n=440) 86 5 (82-9 to 8904) 71 7 (67 1 to 75 8) 60 8 (5409 to 66-1)
No thrombolysis (n= 166) 64-1 (56-2 to 70 9) 54 0 (45 9 to 61 4) 43 2 (34-8 to 51 4)

Death, recurrent ischaemia, and revascularisation:
All patients (n= 604) 75 5 (71.9 to 78 8) 55-5 (51-3 to 59 4) 43 3 (38-5 to 48 0)
Thrombolysis (n=439) 80-1 (76-0 to 83 5) 57 9 (53 0 to 62 5) 44-7 (38-7 to 50 6)
No thrombolysis (n= 165) 63-4 (55-5 to 70 2) 49-2 (41-2 to 56 8) 38-0 (29-8 to 46-1)
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FIG 1-Kaplan-Meier survival curves comparing patients who
received thrombolysis therapy and aspirin, thrombolysis only, aspirin
only, and neither treatment

Table II shows the clinical characteristics of the 608
patients at baseline. The high proportion of Asian
patients reflects the ethnic diversity within the popula-
tion served by the hospital. Diabetes was present in
36-7% of Asian patients compared with 14-8% of non-
Asians (X2= 31 1; p < 0-001).

SURVIVAL ANALYSIS

Mortality was highest shortly after the infarction,
the crude mortality being 9-0% at 48 hours, 12-2% at
one week, and 16-0% at 30 days. After six months the
death rate remained about constant (5-3/100 person
years) and the estimated mortality was 21-7% and
29-4% at one and three years respectively (table III).
When all firm events were considered (cardiac death,
reinfarction, and readmission with unstable angina)
event free survival for the total study population was
80-4% at 30 days, 66-8% at one year, and 56-1% at
three years. Survival in patients treated by thrombo-
lysis was considerably higher than in the rest of the
study population. However, the incidence of non-fatal
ischaemic events did not differ between patients who
did and did not receive thrombolysis (x2=04; p=0 5).
Coronary revascularisation was required in 83 (14%)
patients, 41 of whom had coronary angioplasty and
42 coronary artery bypass surgery. When need for
revascularisation was included in the analysis, the
three year event free survival of patients receiving
thrombolysis was 44-7%.
Most patients received both thrombolysis and

aspirin, and the probability of survival was higher for
these patients than for those who received either drug
alone (table IV, fig 1). Survival was lowest for those
patients who received neither thrombolysis nor aspirin
(x2=56-4, df=3; p< 0-00 1).
The presence of left ventricular failure was strongly

associated with an adverse prognosis (x2= 106-7, df= 1;
p<0-001). Thus, 30 day survival was 63-0% for
patients with left ventricular failure compared with
93-70/o for those without (fig 2). Survival of patients
with left ventricular failure was 54-0% at one year and
44-6% at three years. The presence of Q waves was
associated with reduced survival but this did not reach
significance (X2=3-68, df= 1; p=0 06).

Survival was strongly influenced by age and sex
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TABLE IV-Survival probability (all cause mortality) at 1 month, 1 year, and 3 years after myocardial
infarction comparing clinical subgroups

% Survival % survival %0 Survival
at 30 days at 1 year at 3 years

(95% confidence (95% confidence (95% confidence
interval) interval) interval)

Thrombolysis or aspirin
Thrombolysis only (n= 54) 81 5 (68-3 to 89 6) 72-1 (58-0 to 82-1) 67-5 (52-8 to 78 5)
Aspirin only (n= 103) 74.3 (64.5 to 81-7) 73-1 (63-2 to 80 7) 62.7 (50-8 to 72 5)
Both (n=387) 91-7 (88-5 to 94 1) 86-0 (82-0 to 89 1) 78-2 (72-3 to 82 9)
Neither (n=64) 54-5 (41-5 to 65-7) 46-0 (33 3 to 57 7) 40 3 (27-9 to 52 3)

Left ventricular failure
No (n=415) 93 7 (90.9 to 95 7) 89-6 (86-1 to 92 2) 82-6 (77 5 to 86 7)
Yes (n= 193) 63-0 (55 7 to 69 4) 54 0 (46-6 to 60 9) 44-6 (36-3 to 52 5)

Age (years)
< 60 (n= 284) 92-9 (89-3 to 95-4) 87-4 (82 7 to 90 8) 82.7 (77-0 to 87-2)
> 60 (n= 324) 76-1 (71 0 to 80 4) 70 4 (65 0 to 75-1) 60-2 (53 5 to 66 2)

Sex
Male (n=447) 87 9 (84 4 to 90 6) 82-1 (78-2 to 85 5) 74 0 (68-7 to 78 5)
Female (n= 161) 73 1 (65 5 to 79 3) 67-7 (59 7 to 74 4) 61-3 (52-5 to 69 0)

Q wave:
Q wave (n=472) 81 7 (77-8 to 84 9) 76 5 (72-3 to 80-1) 69-5 (64.5 to 74 0)
Non-Q wave (n= 136) 91.9 (85 8 to 95 4) 84.7 (77.3 to 89 9) 74 6 (63-9 to 82 6)

Diabetes:
No (n=490) 86-5 (83 1 to 89 2) 81-5 (77 7 to 84 7) 72-5 (67-4 to 77 0)
Yes (n= 118) 73 5 (64-5 to 80 6) 65-4 (55 9 to 73 3) 62-9 (53-2 to 71-2)

Previous myocardial infarction:
No (n=456) 85-7 (82-1 to 88-6) 80 9 (76-9 to 84-2) 72-3 (68-1 to 77 6)
Yes (n= 152) 78-7 (71-2 to 84 4) 70 5 (62-3 to 77 3) 62-8 (52-8 to 71 2)

I Left ventricular failure

0.75
L

l _

p < 0.001
0.5

- - - No left ventricular failure
Left ventricular failure
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p < 0.001
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- Age > 60 years
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- Males
- Females

50 100 ISO 200
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0
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0
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Q wave infarction

-1

aspirin treatment, and left ventricular failure) were
not constant throughout the follow up period. For
purposes of multivariate analysis, therefore, survival
was partitioned into early (< six months) and late
(: six months) periods. Within these periods none of
the covariates showed a time dependent effect: log
cumulative hazard curves were parallel and there were
no significant log time interaction terms (data not
tabulated). Table V lists the clinical variables inde-
pendently associated with an adverse prognosis. Of
these, left ventricular failure was the most important,
and was associated with a hazard ratio for early death of
4-36. The rate of death in patients who received
thrombolysis was half that in those who did not (hazard
ratio 0 57) even when left ventricular failure and other
covariates were taken into account. Interestingly,
when smoking history at the time of admission to
hospital was taken into account, non-smokers were at
greater risk than current smokers or former smokers.

After the first six months, none of the baseline
characteristics predictive of short term survival
remained associated with outcome except for age
group. Thus, for patients who survived six months,
age > 60 years was the only determinant of an adverse
long term (three year) prognosis (hazard ratio 2-1, 95%
confidence interval 1 1 to 4-1; likelihood ratio 5 0;
p=003).

pp= 006 Discussion
We have analysed the short and long term prognosis

- - Non Q wave after acute myocardial infarction in a large consecutive
Q wave series of patients admitted to the coronary care unit

lI of a district hospital. The results show that acute
myocardial infarction continues to be associated with a
high long term mortality, and although patients treated
by thrombolysis had a better prognosis, 39% had died
or had a non-fatal ischaemic event within three years.

_,t- A recent meta-analysis of 36 studies conducted
before thrombolysis was introduced (1960-87) found

p = 0.003 that short term prognosis after acute myocardial infarc-
-Npriuition had improved progressively in the past 30 years,

Previous infarction the average in hospital mortality having decreasedPrevious infarction from 29% during the 1960s to 21% during the 1970s

_ and to 16% during the 1980s; average one month
Diabetes mortality figures during the same three periods

were 31%, 25%, and 18% respectively.' The authors
t-- - - - --suggested that these improvements were likely to

_ --~ -_ reflect parallel improvements in medical care. Thus,
although thrombolytic therapy has been shown to
produce a clear benefit in randomised clinical trials,5'-

p = 0.002 these studies have included only selected low risk
--- No diabetes patients and the impact of thrombolysis on routine

Diabetes clinical practice has yet to be determined.

TABLE V-Multivariate predictors of all cause mortality over the first
0 50

Weeks fro
FIG 2-Kaplan-Meier survival
curves illustrating the effects on
prognosis after infarction ofleft
ventricularfailure, Q wave

infarction, age, sex, diabetes,
and history ofmyocardial
infarction

m infarct Weeks from infarct

(fig 2). In patients aged 60 or less prognosis was usually
good with survival figures of 92-9% and 82-7% at 30
days and three years respectively compared with 76 -I%
and 60-2% in older patients (X2= 33-3, df= 1; p < 0 001).
Survival was also better in men than women, both at 30
days (87-9% v 73- 1%) and at three years (74% v 61-3%)
(X2= 12-3, df=l; p<0-001). There was no significant
difference in survival between Asian and non-Asian
patients (X2= 1-18;p=0 3).

Diabetes (X2=9-6) df=1; p=0 002) and previous
myocardial infarction (X2=7-6) df= l; p=0 006) were

also associated with reduced survival.

MULTIVARIATE PREDICTORS OF MORTALITY

Log cumulative hazard plots indicated that hazard
ratios for several variables (including thrombolysis,

Hazard ratio Degrees
(95% confidence Likelihood of

interval) ratio freedom p Value

Left ventricular failure:
No 1
Yes 4-36 (2-86 to 6 63) 52-4 1 <0 001

Thrombolysis:
No 1
Yes 0-57 (0-38 to 0-85) 7-60 1 0-006

Aspirin:
No 1
Yes 0 43 (0-28 to 065) 15-3 1 <0 001

Smoking:
Non smoker I
Formersmoker 0-68 (0-41 to 1-14) 7-57 2 0 02
Smoker 0 57 (0-38 to 0 85)

Bundle branch block:
None 1
Right 1 44 (0-85 to 243) 9 50 2 0 009
Left 2-85 (1-51 to 5 37)

Age (years):
< 60 1 0 007
>60 1-78(1 16to274) 7-41 1

BMJ VOLUME 307 7 AUGUST 1993

._

-o-0
0.

100 150 200 six months after infarction

-I

I

351

 on 9 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.307.6900.349 on 7 A
ugust 1993. D

ow
nloaded from

 

http://www.bmj.com/


The overall 30 day mortality in our study is lower
than that reported before thrombolysis was introduced,
although it is difficult to draw valid comparisons
because of selection factors and differences in base
population. Further studies from other centres are
needed to confirm that prognosis is continuing to
improve. Mortality in the 73% of patients who received
thrombolysis (9-6% at 30 days, 15-8% at one year) was
close to or within the range of values for the treatment
groups (6-0-9-4% at 30 days, 10 8-17-2% at one year)
reported in randomised trials, even though the patients
included in these trials were usually younger.>"
There is relatively little information on long term

prognosis, and de Vreede et al were able to identify
only 12 reports since 1960.1 They found no evidence of
time related improvements in long term prognosis, the
average five year mortality remaining constant at 33%
in both the 1960s and the 1970s. Direct comparison
with our long term follow up is difficult because
most of the earliest prognostic data relate to patients
surviving to hospital discharge, and there are problems
with patient comparability. Nevertheless, the esti-
mated three year mortality rate of 29-4% in our study is
not substantially lower than that reported in studies
undertaken before thrombolysis was used, and may in
part reflect the high incidence of recurrent thrombotic
events associated with successful thrombolysis. 12-14
An additional consideration is the low uptake of I
blockers, which were given to only 38% of our patients
at hospital discharge. This may reflect the relatively
high incidence of contraindications in this east
London population (primarily left ventricular failure
and chronic lung disease), and had the treatment rate
been higher a small improvement in long term outcome
might have been achieved."

FACTORS AFFECTING OUTCOME

Variables identified on subgroup analysis as being
associated with outcome were generally the same as
those reported before thrombolysis was introduced,
the important exceptions being thrombolysis itself and
aspirin. Selection for thrombolysis and aspirin was
based on clinical indications rather than randomisation,
and the more favourable outcome in the treated
subgroup cannot be attributed solely to the beneficial
effects of these drugs. Nevertheless, it is interesting
that our survival curves (aspirin or thrombolysis, or
both, versus neither treatment) are similar to those
from the second intemational study of infarct survival.8
Left ventricular failure was the most important clinical
feature affecting outcome, in accordance with work
conducted before thrombolysis was used.' 626 The
adverse effects of previous myocardial infarction,
diabetes, advanced age, and female sex are also well
documented.22-2427 The influence of Q wave develop-
ment on prognosis is less well defined; our data suggest
that survival may be lower in this group than in those
with non-Q wave infarction.'8 19 28

Multivariate analysis showed that the most important
independent determinants of early (six month)
mortality were left ventricular failure, not receiving
thrombolysis, not receiving aspirin, presence of left
bundle branch block at admission, and age greater than
60. The independent effects of left ventricular failure
and advanced age have been well documented.51029
Simoons et al obtained similar results in patients
treated with intracoronary streptokinase except that
when ejection fraction was taken into account
thrombolysis was not a multivariate determinant of
survival.30 This suggests that its beneficial prognostic
effects are partly mediated by preservation of left
ventricular function and extend beyond prevention of
left ventricular failure. Left bundle branch block
usually indicates extensive left ventricular damage and
is well recognised as an adverse prognostic finding in

Clinical implications

* Long term prognosis after acute myocardial
infarction in routine clinical practice has not
been studied since thrombolysis was introduced
* This study shows that patients treated by
thrombolysis have a relatively good prognosis,
but long term mortality and incidence of recur-
rent ischaemic events remains high
* For patients who survived six months, age
was the only factor independently related to long
term survival
* Effective strategies for identifying and treat-
ing high risk patients need to be identified

acute myocardial infarction, although its independent
influence has not previously been reported in patients
treated by thrombolysis. The adverse effect of these
factors occurred relatively early and, with the excep-
tion of age group, did not further influence prognosis
in those surviving more than six months. Nevertheless,
it should be emphasised that other factors known to
affect outcome, such as continuing remodelling and
dilatation of the left ventricle with increased left
ventricular end systolic volume, were not included in
our analysis.3'
The finding that non-smokers were at greater risk of

early mortality than current or former smokers was
unexpected, but is consistent with the data from
thrombolysis in myocardial infarction study II, which
showed that non-smokers were at greater risk of
reinfarction.29 Similarly, in a retrospective analysis of
the intemational tissue plasminogen activator/strepto-
kinase mortality trial smokers had a significantly better
hospital and six month outcome than non-smokers or
former smokers.32 Conversely, Rivers et al found
current smoking to be the only factor independently
predictive of reinfarction in a much smaller study of
456 patients.33 Importantly, the risk of reinfarction
was higher in patients who continued to smoke than
in those who stopped smoking after the index infarc-
tion.

In conclusion, this study has provided important
prognostic data for patients with acute myocardial
infarction since thrombolysis was introduced. In
patients who received thrombolytic therapy, early
mortality was similar to that reported in the large
randomised trials. Longer term mortality and the
incidence of non-fatal recurrent ischaemic events
remains high in patients treated by thrombolysis. If
long term prognosis is to be improved, effective
strategies for the identification and treatment of high
risk patients must be developed.
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Abstract
Objectives-To report the results of the NHS

breast screening programme for the year March 1991
to April 1992.
Design-A report of statistics was derived from

Korner (K62) returns and from the radiology quality
assurance programme.
Main outcome measures-Detection rates for

breast cancer and small (< 10 mm diameter) invasive
cancer, benign biopsy rates, and recall and accept-
ance rates.
Results-The acceptance rate for screening across

the United Kingdom was 71.3%. The referral rate for
further investigation was 6/2% (regional 4.3-9.0%).
The breast cancer detection rate was 6-2 cancers per
1000 women screened (51-9 0) and the detection
rate of invasive cancers < 10 mm was 1P4/1000
(1-0-2-3). 72% of screening programmes reached the
target 70% acceptance rate, and 95% ofprogrammes
achieved a recall rate of less than 10%. 75% of
programmes had a cancer detection rate of more
than 5/1000, but only 32% had a detection rate for
invasive cancers - 10mm ofmore than 1 5/1000.
Conclusions-Overall, the results of the screening

programme for the year 1991-2 can be regarded as
extremely satisfactory, given the size and complexity
ofthe operation.

Introduction
After the publication of the Forrest report in 1987' a

structured breast screening programme for women
aged 50 and over was introduced into the National

Health Service. All women aged 50-64 who are
registered with general practitioners are invited to be
screened by mammography every three years, and
asymptomatic women aged over 64 may obtain three
yearly screening on demand. By the end of March
1991, 82 separate screening programmes were in
operation, and another eight began screening during
the next 10 months. These 90 programmes are sufficient
to cover the 4-5 million women aged 50-64 in the
United Kingdom once every three years and allow for
about 10% of screening examinations to be self referrals
of older women. As each round of screening is planned
to extend over three years, only a minority of pro-
grammes-those starting in 1988-had completed
their first round of invitations by the end of March
1992. The period covered by this report is the year
from 1 April 1991 to 31 March 1992, so that all but
eight programmes contributed a full year's data; only
three contributed less than nine months' information.

Methods
One aspect of the national quality control of the

screening programme is a standardised record system
which permits the service to be routinely monitored. A
number of different computerised record systems (five
in total) have been specifically designed for the NHS
breast screening programme, and tables showing
various aspects of the performance of the screening
service can be produced from these. Each screening
programme in England is required to produce a
"Korner" statistical return on form KC62 for the
Department of Health each year, and similar arrange-
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