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ISIS-2: 10 year survival among patients with suspected
acute myocardial infarction in randomised comparison of
intravenous streptokinase, oral aspirin, both, or neither
Colin Baigent, Rory Collins, Paul Appleby, Sarah Parish, Peter Sleight, Richard Peto on behalf of the
ISIS-2 (Second International Study of Infarct Survival) Collaborative Group*

Abstract
Objective: To assess effects of intravenous
streptokinase, one month of oral aspirin, or both, on
long term survival after suspected acute myocardial
infarction.
Design: Randomised, “2 × 2 factorial,” placebo
controlled trial.
Setting: 417 hospitals in 16 countries.
Subjects: 17 187 patients with suspected acute
myocardial infarction randomised between March
1985 and December 1987. Follow up of vital status
complete to at least 1 January 1990 for 95% of all
patients and to mid-1997 for the 6213 patients in
United Kingdom.
Interventions: Intravenous streptokinase (1.5 MU in
1 hour) and oral aspirin (162 mg daily for 1 month)
versus matching placebos.
Main outcome measures: Mortality from all causes
during up to 10 years’ follow up, with subgroup
analyses based on 4 year follow up.
Results: After randomisation, 1841 deaths were
recorded in days 0-35, 991 from day 36 to end of year
1, 1478 in years 2-4, and 1230 in years 5-10.
Allocation to streptokinase was associated with 29
(95% confidence interval 20 to 38) fewer deaths per
1000 patients during days 0-35. This early benefit
persisted (death rate ratio 0.98 (0.92 to 1.04) for
additional deaths between day 36 and end of year 10),
so that there were 28 (14 to 42) and 23 (2 to 44) fewer
deaths per 1000 patients treated with streptokinase
after 4 years and 10 years respectively. There was no
evidence that absolute survival benefit increased with
prolonged follow up among any category of patient,
including those presenting early after symptoms
started or with anterior ST elevation. Nor did the early
benefits seem to be lost in any category (including
those aged over 70). Allocation to one month of
aspirin was associated with 26 (16 to 35) fewer deaths
per 1000 during first 35 days, with little further benefit
or loss during subsequent years (death rate ratio 0.99
(0.93 to 1.06) between day 36 and end of year 10).
The early benefit obtained with combination of
streptokinase and one month of aspirin also seemed
to persist long term.

Conclusions: The early survival advantages produced
by fibrinolytic therapy and one month of aspirin
started in acute myocardial infarction seem to be
maintained for at least 10 years.

Introduction
The second international study of infarct survival
(ISIS-2) in 17 187 patients with suspected acute
myocardial infarction,1 together with the other large
randomised trials,2–9 showed unequivocally that, in suit-
able patients, fibrinolytic therapy reduces early
mortality. The Fibrinolytic Therapy Trialists’ collabora-
tive overview of their results indicates that treatment of
1000 patients who present with ST elevation or bundle
branch block up to at least 12 hours from the onset of
symptoms typically prevents about 20-30 deaths
during the first month (30 per 1000 patients treated
within 0-6 hours and 20 per 1000 treated within 7-12
hours of onset of symptoms).10 ISIS-2 also showed that
the benefits of early treatment with aspirin were largely
independent of, and additive to, those of fibrinolytic
therapy. For every 1000 patients treated with one
month of medium dose aspirin (such as 162 mg daily),
about 25 deaths and 10-15 non-fatal reinfarctions or
strokes were avoided during the first month.1

Follow up of some of the larger trials of fibrinolytic
therapy has shown reliably that a substantial survival
benefit is maintained for at least the first 6-12
months.1 11–13 Longer term follow up, however, has been
reported only on much smaller numbers: just over
1000 randomised patients in the APSAC intervention
mortality study (AIMS)14 and smaller numbers in a few
other studies.15–17 These have suggested that the early
survival benefits persist with prolonged follow up18 or
may even increase in certain types of patient (such as
those treated early after onset of symptoms19 20 and
those with anterior infarction15 16), but there were rela-
tively few deaths after the first year of follow up in those
trials. Hence, the chief aim of this report of extended
follow up in the large ISIS-2 trial is to provide more
reliable estimates of the long term effects of fibrinolytic
therapy, as well as of a short course of aspirin, both
overall and among particular categories of patient.
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Patients and methods
Eligibility and randomisation
The design of ISIS-2 has previously been described in
detail.1 Patients were eligible if they were within 24
hours of the onset of symptoms of suspected myocar-
dial infarction, with no clear indications for, or
contraindications to, streptokinase or aspirin. Electro-
cardiographic changes at entry were not a requirement
(although a pre-randomisation electrocardiogram was
required for central reading), and no age restriction
was imposed by the protocol. Entry to the study was by
telephone to central, 24 hour, randomisation services.

Treatment
A “2 × 2 factorial” study design was used. Half of all
patients were allocated randomly to receive 1.5 MU
streptokinase and half to receive matching placebo,
infused intravenously over about 1 hour. Half of all
patients were also allocated randomly to receive oral
aspirin (exact dose 162.5 mg in enteric coated tablets)
and half to receive matching placebo, given daily for
1 month from a calendar pack. In all other respects
physicians were free to use whatever additional
treatment they considered necessary. Compliance with
allocated treatment was high,1 but, irrespective of
whether the study treatment was actually given,
patients remained in their originally allocated treat-
ment group for an intention to treat analysis (see
below).

Recruitment and follow up
Between 5 March 1985 and 31 December 1987, a total
of 17 187 patients were randomised by 417 hospitals in
16 countries (see acknowledgements in original
report1). This large size ensured good balance between
the treatment groups for the main pre-randomisation
features that were measured (aided by a “minimisation”
balancing algorithm21) and should do likewise for those
that were not.

The previous report was of events occurring in
hospital and of vascular mortality within 35 days (esti-
mated then to be 98% complete) and up to a median of
15 months.1 Follow up after discharge was only of
mortality, through government records (Office for
National Statistics in the United Kingdom) where pos-
sible, but otherwise directly with patients or their rela-
tives. The aim of the present study was to extend follow
up of vital status to at least 1 January 1990 (that is, two
years after the last patient entered the study), with the
information available after that date being mostly for
the patients in the United Kingdom and censored at 30
June 1997 to allow time for central notification of
deaths. This resulted in a median of 38 months of fol-
low up among survivors randomised outside the
United Kingdom and 130 months among the survivors
of the 6213 patients in the United Kingdom. Among
all survivors, 95.1% have been followed to 1 January
1990: follow up to 35 days is now 98.8% complete, with
96.0% followed to 2 years and 57.7% to 4 years. Among
the survivors in the United Kingdom, 97.6% have been
followed to 6 years, 97.3% to 8 years, and 83.1% to 10
years. There were no systematic differences in follow
up between the treatment groups.

For the original report, cause of death information
was sought from death certification and subdivided by

the trial coordinator, blind to treatment allocation, into
“definitely non-vascular” causes and “vascular” causes
(that is, definitely or possibly vascular, or unknown). In
the first month only 0.4% of the deaths were classified
as definitely non-vascular, and overall in the first report
only about 2% of the available deaths could be
classified as definitely non-vascular (with similar
numbers in each treatment group)—and, even among
those few deaths, some may have been partly or wholly
due to vascular causes. Hence, the present report is of
deaths from any cause.

Principal comparisons and statistical methods
The two principal comparisons were of mortality
among all those allocated the one hour infusion of
streptokinase versus that among all those allocated
placebo infusion, and of mortality among all those
allocated one month of aspirin tablets versus that
among all those allocated placebo tablets. These com-
parisons were analysed in three main ways, all of which
take appropriate and unbiased account of the duration
of follow up for each patient.

First, time to death analyses used log rank
methods,22 with calculations of exact variance and cen-
soring at the date of last follow up for each patient (up
to 10 years), and are illustrated by Kaplan-Meier
survival curves.

Second, death rate ratios and their confidence
intervals were calculated from log rank “observed
minus expected” numbers of deaths,22 and their
variances, for days 0-35 (the early period) and for day
36 to the end of year 10 based on patients at risk at the
start of each of six time periods which involved similar
numbers of deaths—day 36 to end of year 1; annually
thereafter to end of year 4 (that is, years 2, 3, and 4
separately); years 5 and 6 combined; and years 7 to 10
combined.

Third, the absolute differences in life table
estimates of survival were calculated at 35 days and
after 4 years of follow up (at which time the proportion
of patients with follow up was still substantial enough
to provide stable estimates in certain subgroups). Two
sided P values are cited, and 2P > 0.1 is generally con-
sidered not significant. We used 95% confidence inter-
vals for overall analyses and 99% confidence intervals
for subgroup analyses to make some allowance for the
effects of multiple comparisons.

Results
Intravenous streptokinase (8592 patients) v placebo
infusion (8595 patients)

Overall effects on 4 year and 10 year survival
During the first 35 days of follow up, allocation to strep-
tokinase was associated with a highly significant death
rate ratio of 0.75 (95% confidence interval 0.69 to 0.83;
2P < 0.0001) (fig 1). This corresponds to prevention of
about a quarter of the early deaths, and to an absolute
improvement of 29 (20 to 38) fewer deaths per 1000
patients treated (table). Between day 36 and the end of
the first year, allocation to streptokinase was associated
with a smaller, and not conventionally significant,
additional reduction in death (death rate ratio 0.89 (99%
confidence interval 0.75 to 1.05); 2P = 0.06) (fig 1).
During each of the three subsequent years of follow up,
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allocation to streptokinase was not associated with any
significant difference in death rate. After 4 years of follow
up there were still 28 (95% confidence interval 14 to 42)
fewer deaths per 1000 patients who had been treated
with streptokinase (table).

During year 5, follow up was available both for
those patients who had been randomised during the
first 9 months of recruitment in any participating
country and for all survivors in the United Kingdom.
Follow up in subsequent years was exclusively among
these British survivors, with substantial numbers of
deaths recorded in this smaller cohort during this
period (fig 1). There was still no significant difference in
subsequent death rates between the treatment groups,
either in years 5-6 (death rate ratio 0.94 (99%
confidence interval 0.76 to 1.17)) or in years 7-10
(death rate ratio 1.02 (0.84 to 1.24)) (fig 1). Overall,
between day 36 and the end of year 10, streptokinase
was not associated with any additional difference in
mortality (death rate ratio 0.98 (95% confidence inter-
val 0.92 to 1.04); 2P > 0.1). Hence, after the large diver-
gence in survival during days 0-35, a slight divergence
during the rest of the first year was balanced by a slight
convergence in subsequent years (fig 2).

Effects on 4 year survival in particular categories of patient
Substantial numbers of the patients have been
followed for at least 4 years, which allows a reasonably
reliable assessment of the effects of fibrinolytic therapy
on 4 year survival among particular subgroups (table).

Subtotal: Days 0-35

Period of
follow up

No of deaths/
No of patients (% dead) Death rate ratio (CI*) Death rate

ratio (CI*)

* 95% CI for subtotals, 99% CI for subdivisions

Favours
treatment

Favours
placebo

Streptokinase
infusion

796/8592
(9.3)

475/7702
(6.2)

307/7157
(4.3)

273/6741
(4.0)

186/5544
(3.4)

269/3755
(7.2)

338/2088
(16.2)

1848/7702
(24.0)

1045/8595
(12.2)

516/7460
(6.9)

265/6872
(3.9)

238/6493
(3.7)

209/5395
(3.9)

287/3663
(7.8)

336/2116
(15.9)

1851/7460
(24.8)

0.75 (0.69 to 0.83)

0.5 0.75 1.0 1.25

0.89 (0.75 to 1.05)

1.12 (0.90 to 1.38)

1.11 (0.88 to 1.39)

0.87 (0.67 to 1.13)

0.94 (0.76 to 1.17)

1.02 (0.84 to 1.24)

0.98 (0.92 to 1.04)

Placebo
infusion

Subtotal: Day 36-year 10

Day 36-year 1

Year 2

Year 3

Year 4

Years 5-6

Years 7-10

Fig 1 Proportional effects of streptokinase infusion on deaths among patients with suspected
acute myocardial infarction during days 0-35 and day 36 to 10 years. In each period the
death rate ratio among all patients allocated streptokinase compared with that among all
those allocated placebo is calculated from the log rank of observed minus expected number
of deaths, and its variance. Death rate ratios and 95% confidence intervals during subtotals of
days 0-35 and day 36 to 10 years are represented by diamonds, while death rate ratios and
99% confidence intervals during subdivisions of the latter period are represented by black
squares (area proportional to amount of “statistical information”) and bars. Only for days
0-35 is difference between streptokinase and placebo separately significant (P<0.00001; all
others 2P>0.05)

Estimated survival percentages and absolute benefits of streptokinase both overall and in patient subgroups during days 0-35 and day
0 to year 4

No of patients
randomised

Follow up in days 0-35 Follow up in day 0 to year 4

Survival (%) Absolute benefit (CI*)
per 1000 patients

Survival (%) Absolute benefit (CI*)
per 1000 patientsCategory of patient at entry to study SK Placebo SK Placebo SK Placebo

Hours from onset:

0-3 2551 2557 91.8 87.5 43 (21 to 65) 77.7 73.0 48 (15 to 80)

4-6 2799 2803 90.4 87.8 26 (4 to 47) 73.8 72.2 16 (−16 to 48)

7-12 2018 2008 89.4 87.4 19 (−7 to 45) 72.8 70.4 24 (−15 to 62)

13-24 1224 1227 91.3 89.0 23 (−8 to 54) 74.2 72.2 20 (−29 to 69)

Age (years):

<70 6949 6910 93.0 90.2 27 (15 to 40) 79.9 77.5 23 (4 to 42)

>70 1643 1685 81.0 77.7 33 (−3 to 69) 53.1 49.0 41 (−7 to 89)

Sex:

Male 6522 6612 92.0 88.9 31 (18 to 44) 76.3 73.2 31 (10 to 51)

Female 2023 1930 86.6 84.2 24 (−5 to 53) 70.3 68.2 21 (−18 to 60)

Pre-randomisation ECG:

Bundle branch block 373 385 79.3 74.8 45 (−33 to 124) 55.0 52.3 27 (−70 to 124)

Anterior ST elevation† 2067 2056 89.1 81.8 73 (44 to 101) 72.0 65.8 62 (24 to 101)

Inferior ST elevation 2128 2152 92.5 90.9 15 (−6 to 37) 78.2 76.1 21 (−13 to 56)

ST depression 610 605 81.3 82.4 −11 (−68 to 46) 61.6 60.8 9 (−66 to 83)

Other‡ 2398 2288 95.4 93.8 16 (−1 to 33) 81.7 79.4 22 (−9 to 54)

Diabetes:

Yes 620 669 87.9 82.5 54 (3 to 105) 62.0 59.3 27 (−49 to 102)

No 7880 7832 91.0 88.3 26 (14 to 39) 75.9 73.2 27 (9 to 46)

Previous myocardial infarction:

Yes 1497 1442 87.0 82.7 43 (9 to 77) 59.7 57.8 18 (−30 to 67)

No 7003 7059 91.6 88.9 26 (13 to 39) 78.2 75.1 32 (12 to 51)

Treatment comparisons:

SK plus aspirin v aspirin alone 4292 4295 91.9 89.2 27 (11 to 44) 75.7 73.3 24 (−1 to 49)

SK alone v double placebo 4300 4300 89.5 86.4 31 (13 to 49) 73.9 70.7 32 (6 to 58)

Overall 8592 8595 90.7 87.8 29 (20 to 38) 74.8 72.0 28 (14 to 42)

SK=streptokinase, ECG=electrocardiogram. *95% confidence intervals given for overall absolute benefits at day 35 and end of year 4, and 99% confidence intervals
for absolute benefits in subgroups of patients. †Includes 164 streptokinase patients and 152 placebo patients who also had inferior ST elevation. ‡Includes some
patients with normal electrocardiograms.
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Among patients randomised within 0-6 hours of the
onset of symptoms, the absolute benefit of 31 (99% con-
fidence interval 9 to 54) fewer deaths per 1000 at the end
of year 4 was about the same as it had been at day 35 (34
(19 to 50) fewer per 1000) (fig 3a). Thus, the additional
deaths after day 35 were not much affected by whether
or not streptokinase had been given (death rate ratio
0.99 (0.86 to 1.13) between day 36 and the end of year 4;
2P > 0.1). The same was true when attention was further
restricted just to those who had been randomised 0-3
hours after symptoms started (death rate ratio 0.93 (0.76
to 1.13) between day 36 and the end of year 4; 2P > 0.1).
Similarly, there was no evidence of any later survival
gains among patients presenting with anterior ST eleva-
tion (death rate ratio 0.99 (0.80 to 1.21) between day 36
and the end of year 4; 2P > 0.1) (fig 3b). Consequently,
the absolute benefit at the end of year 4 for patients with
anterior ST elevation was still about the same as it had
been at day 35 (table), even when such patients present-
ing within 6 hours of symptoms starting were
considered separately (fig 3c).

Although about half of the patients aged 70 or over
at entry died within 4 years of randomisation, the early
benefit persisted. Indeed, the absolute reduction in 4
year mortality with streptokinase seemed to be at least
as great among those aged 70 or over (41 ( − 7 to 89)
fewer deaths per 1000) as among those aged less than
70 (23 (4 to 42) fewer deaths per 1000) (table, fig 3d).

Oral aspirin (8587 patients) v placebo tablets (8600
patients)
During the first 35 days of follow up, allocation to one
month of oral aspirin was associated with a highly sig-
nificant death rate ratio of 0.78 (95% confidence inter-
val 0.71 to 0.85; 2P < 0.0001) (fig 4). This corresponds
to prevention of about a quarter of the early deaths
and to an absolute improvement of 26 (16 to 35) fewer
deaths per 1000 patients treated. Between day 36 and
the end of year 1, and for each of the five subsequent
periods that were considered, the use of aspirin during
the first month (that is, before day 36) was not
associated with any significant additional difference in
the death rate (fig 4). Hence, all of the survival benefit
of an early, one month course of oral aspirin seemed to
accrue during the first month, with little further benefit
or loss during subsequent years (death rate ratio 0.99
(0.93 to 1.06) between day 36 and the end of year 10;
2P > 0.1) (figs 4 and 5).

Combination of streptokinase and aspirin
The original report of ISIS-2 showed that the early
benefits of streptokinase and of aspirin were approxi-
mately additive,1 and the same now seems to be true of
the long term benefits. At the end of year 4, the
absolute benefits of streptokinase were still similar
among patients who had been allocated to aspirin (24
(99% confidence interval − 1 to 49) fewer deaths per
1000 patients allocated streptokinase plus aspirin
compared with aspirin alone) and among patients who
had not been allocated aspirin (32 (6 to 58) fewer
deaths per 1000 allocated streptokinase alone rather
than double placebo) (table). Overall, between day 36
and the end of year 10, allocation to the combination
of streptokinase plus aspirin was not associated with
any additional benefit (death rate ratio 0.97 (95% con-
fidence interval 0.89 to 1.06); 2P > 0.1) compared with
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Fig 2 Life table estimate of 10 year survival with streptokinase.
Comparisons of all patients allocated intravenous streptokinase v all
those allocated placebo. (Numbers of deaths during each period, and
numbers of patients at risk at start of the period, are given for each
treatment arm in fig 1)
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Fig 3 Life table estimates of 4 year survival in various patient categories. Comparisons of
patients allocated streptokinase v those allocated placebo restricted to those patients
presenting (a) within 0-6 hours of onset of symptoms, (b) with anterior ST elevation, (c) with
anterior ST elevation within 0-6 hours of symptoms starting, and (d) aged <70 and >70
years
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allocation to neither. Hence, the early survival benefit
obtained with the combination (55 (42 to 68) fewer
deaths per 1000 at day 35) persisted largely unaltered
in the longer term (42 (13 to 71) fewer deaths per 1000
at 10 years) (fig 6).

Discussion
Long term effects of intravenous fibrinolytic therapy
Large randomised trials had previously shown that the
survival benefits of fibrinolytic therapy persist for at
least a year after treatment.1 11–13 But information about
the longer term persistence of these benefits was
limited to studies that recorded relatively few later
deaths. By contrast, this report involves about 1500
deaths between the start of the second year and the
end of the fourth year after fibrinolytic therapy and a
further 1200 deaths in the subsequent period up to 10
years. Hence, it provides reliable evidence about the
persistence of the early survival advantages.

The annual mortality in ISIS-2 during each year of
follow up after the first was about 4%, both among
patients initially allocated streptokinase and among
those allocated placebo. Consequently, after the clear
separation of the survival curves in the first month and
a slight further separation during the rest of the first
year, there was only slight convergence during
subsequent years such that the absolute benefit at one
month persisted largely unchanged for at least 10 years
(fig 2). This finding should not be materially affected by
the different durations of observation available for dif-
ferent patients, since follow up in this placebo control-
led study was unbiased with respect to the allocated
treatment, and the methods of survival analysis used
take account, in an unbiased fashion, of the date of last
follow up for each patient (see methods section).

It had been suggested that the absolute survival
benefit of fibrinolytic therapy might increase for some
years, at least among patients treated within the first
few hours after the onset of symptoms19 20 and those
presenting with anterior infarction or other evidence
of a large volume of myocardium at risk.15 16 Among
the large numbers of patients studied in these and
other subgroups of ISIS-2, however, there was no
evidence that the absolute benefits increased (or
decreased) with prolonged follow up. Ejection fraction
and patency of the coronary artery related to the
infarct are independently associated with long term
survival.23 24 But, although fibrinolytic therapy can pro-
duce quite large improvements in ejection fraction and
patency of the coronary artery during the first few
days, the differences observed after a month or so
between patients allocated fibrinolytic therapy and
controls are relatively small.25 26 Moreover, the relation
between later mortality and pre-discharge ejection
fractions in the range 40-60% is relatively shallow,27 so
that differences of a few percentage points25 within this
range—which is likely to encompass most of the
patients studied in ISIS-2 and other trials of fibrinolytic
therapy—should probably not be expected to translate
into much further difference in later mortality. This
conclusion is supported by the present results, but that
does not rule out the possibility that the absolute ben-
efits of fibrinolytic therapy might increase with
prolonged follow up in some particular group of
patients at very high risk.
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Fig 6 Life table estimate of 10 year survival with streptokinase plus
aspirin. Comparisons of all patients allocated intravenous
streptokinase plus oral aspirin v all those allocated double placebo.
(Follow up beyond year 5 is among patients in United Kingdom only)

Subtotal: Days 0-35

Period of
follow up

No of deaths/
No of patients (% dead) Death rate ratio (CI*) Death rate

ratio (CI*)

* 95% CI for subtotals, 99% CI for subdivisions

Favours
treatment

Favours
placebo

Aspirin
tablets

811/8587
(9.4)

501/7689
(6.5)

294/7117
(4.1)

245/6714
(3.6)

206/5572
(3.7)

291/3761
(7.7)

326/2110
(15.5)

1863/7689
(24.2)

1030/8600
(12.0)

490/7473
(6.6)

278/6912
(4.0)

266/6520
(4.1)

189/5367
(3.5)

265/3657
(7.2)

348/2094
(16.6)

1836/7473
(24.6)

0.78 (0.71 to 0.85)

0.5 0.75 1.0 1.25

1.00 (0.85 to 1.17)

1.03 (0.83 to 1.27)

0.89 (0.71 to 1.12)

1.06 (0.82 to 1.38)

1.09 (0.87 to 1.35)

0.91 (0.75 to 1.12)

0.99 (0.93 to 1.06)

Placebo
tablets

Subtotal: Day 36-year 10

Day 36-year 1

Year 2

Year 3

Year 4

Years 5-6

Years 7-10

Fig 4 Proportional effects of aspirin on death during days 0-35 and day 36 to 10 years.
Death rate ratios compare those allocated one month of oral aspirin with those allocated
placebo. (Conventions as for fig 1)
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Fig 5 Life table estimate of 10 year survival with aspirin.
Comparisons of all patients allocated one month of oral aspirin v all
those allocated placebo. (Numbers of deaths during each period, and
numbers of patients at risk at start of the period, are given for each
treatment arm in fig 4. Follow up beyond year 5 is among patients in
United Kingdom only)
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For elderly patients presenting with suspected
acute myocardial infarction, one reservation expressed
about the use of fibrinolytic therapy is that any short
term survival advantage might be only transitory
because of their high underlying mortality.28 In a survey
of about 4000 consecutive patients with acute myocar-
dial infarction treated between January 1993 and June
1994 in 11 European countries, fibrinolytic therapy
was received by about two thirds of those considered,
on review, to be suitable for it, and age was one of the
main reasons for undertreatment.29 Among such
patients, those aged over 65 were only about half as
likely as younger patients to receive fibrinolytic
therapy. Similar findings have also been reported for
the United States.30 There are some encouraging signs
that the use of fibrinolytic therapy in elderly patients
may be increasing,31 but there still seems to be substan-
tial room for improvement—particularly since ISIS-2
now indicates that the absolute survival advantage after
several years is at least as great among older as among
younger patients.

Long term effects of oral aspirin
ISIS-2 is the only large randomised trial to have
assessed the effects on mortality of a short course of
medium dose (162 mg daily) oral aspirin started
immediately during suspected acute myocardial infarc-
tion. One month of aspirin treatment was associated
with a highly significant absolute improvement in sur-
vival at 35 days which still persisted after several years,
and the long term benefits of short term aspirin treat-
ment and of fibrinolytic therapy were approximately
additive. ISIS-2 did not assess the additional effects of
continuing aspirin treatment after the first month
(which would, in such a blinded study, have occurred to
a similar extent among those who had been allocated
aspirin or placebo tablets for the first month). The long
term benefits of prolonged antiplatelet treatment
started later after myocardial infarction have, however,
been shown by the Antiplatelet Trialists’ collaborative
overview of 11 randomised trials, chiefly involving
aspirin, in which 36 (SD 6) serious vascular events (that
is, myocardial infarction, stroke, or vascular death) were
avoided per 1000 survivors of myocardial infarction
treated for about two years, with the likelihood of addi-
tional benefits from even longer treatment.32

Conclusion
Long term follow up of the large number of patients in
ISIS-2 provides clear evidence that the early survival
advantage produced by fibrinolytic therapy in acute
myocardial infarction persists for many years after
treatment. The early survival advantage with the short
term aspirin regimen studied also persisted long term,
and this prolonged benefit was additive to that of fibrin-
olytic therapy. Moreover, studies of prolonged
antiplatelet treatment after myocardial infarction indi-
cate that these benefits can be increased further by
continuing aspirin treatment for some years after myo-
cardial infarction.
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Key messages

x Large randomised trials have shown that the
survival benefits of intravenous fibrinolytic
therapy for patients with acute myocardial
infarction persist for at least one year, but there
is relatively little information about longer term
effects

x By contrast, this report from the ISIS-2 trial of
intravenous streptokinase and of one month of
oral aspirin includes nearly 4000 deaths between
the start of year 2 and the end of year 10

x The early survival benefits of fibrinolytic therapy
persist for at least 10 years after treatment and
do not seem to increase or decrease with
prolonged follow up in any category of patients,
including elderly subjects

x The survival benefits of short term aspirin
treatment in acute myocardial infarction also
persist long term and are additional to those of
fibrinolytic therapy, and other studies show that
these benefits can be increased by continuing
aspirin treatment for some years after
myocardial infarction
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Fetal and maternal contributions to risk of pre-eclampsia:
population based study
Rolv Terje Lie, Svein Rasmussen, Helge Brunborg, Håkon K Gjessing, Erik Lie-Nielsen,
Lorentz M Irgens

Abstract
Objective: To use familial patterns of recurrence of
pre-eclampsia to investigate whether paternal genes
expressed in the fetus contribute to the mother’s risk
of pre-eclampsia and whether mother’s susceptibility
to pre-eclampsia is related to maternal inheritance by
mitochondrial DNA.
Design: Linked data on pregnancies of different
women who had children with the same father, and
subsequently linked data on pregnancies of half sisters
who either had same mother and different fathers or
had same father and different mothers.
Setting: Population based data from the Medical Birth
Registry of Norway covering all births since 1967
(about 1.7 million) and the Norwegian Central
Population Register.
Main outcome measures: Relative risk of
pre-eclampsia after a previous pre-eclamptic
pregnancy in the family. Relative risks approximated
by odds ratios.

Results: If a woman becomes pregnant by a man who
has already fathered a pre-eclamptic pregnancy in a
different woman her risk of developing pre-eclampsia
is 1.8 (95% confidence interval 1.2 to 2.6). If the
woman has a half sister who had pre-eclampsia and
with whom she shares the same mother but different
fathers the risk of pre-eclampsia is 1.6 (0.9 to2.6). If
the two sisters have the same father but different
mothers the risk is 1.8 (1.01 to 2.9).
Conclusions: Both the mother and the fetus
contribute to the risk of pre-eclampsia, the
contribution of the fetus being affected by paternal
genes. Mitochondrial genes, which are transmitted by
mothers, do not seem to contribute to the risk.

Introduction
Pre-eclampsia is a life threatening complication of
pregnancy characterised by high blood pressure and
proteinuria1; it occurs in about 3% of all pregnancies.2
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