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5-year outcomes in the FRISC-II randomised trial of an 
invasive versus a non-invasive strategy in non-ST-elevation 
acute coronary syndrome: a follow-up study
Bo Lagerqvist, Steen Husted, Fredrik Kontny, Elisabeth Ståhle, Eva Swahn, Lars Wallentin, and The Fast Revascularisation during InStability in 
Coronary artery disease (FRISC-II) Investigators

Summary
Background The FRISC-II invasive trial compared an early invasive with a non-invasive strategy in terms of death and 
myocardial infarction in non-ST-elevation acute coronary syndrome. We present 5-year follow-up results, overall and 
in subgroups based on recommended risk stratifi cation criteria.

Methods In the FRISC-II trial, 2457 patients with non-ST-elevation acute coronary syndrome were randomised to 
early invasive strategy (coronary angiography and, if appropriate, revascularisation, within 7 days from admission) or 
non-invasive primarily medical strategy. Risk stratifi cation was done on the basis of risk indicators at randomisation: 
age older than 65 years, male sex, diabetes mellitus, previous myocardial infarction, ST-segment depression, raised 
troponin concentration (>0·03 μg/L), and raised C-reactive protein or interleukin 6. Information on events after 
24 months was taken from national registries. Analyses were done on an intention-to-treat basis. 

Findings At 5 years the groups diff ered in terms of the primary composite endpoint of death, myocardial infarction, or 
both (invasive 217, 19·9 %; noninvasive 270, 24·5 %; risk ratio 0·81; 95% CI 0·69–0·95; p=0·009). 5-year mortality 
was 117 (9·7%) in the invasive group compared with 124 (10·1%) in the noninvasive group (0·95; 0·75 –1·21; 
p=0·693). Rates of myocardial infarction were 141 (12·9 %) in the invasive and 195 (17.7%) in the non-invasive group 
(0·73; 0·60–0·89; p=0·002). The benefi t of the invasive strategy was confi ned to male patients, non-smokers, and 
patients with two or more risk indicators.

Interpretation The 5-year outcome of this trial indicates sustained benefi t of an early invasive strategy in patients with 
non-ST-elevation acute coronary syndrome at moderate to high risk. 

Introduction
An early invasive strategy with coronary angiography and, 
if appropriate, revascularisation, is currently the recom-
mended treatment for patients at moderate to high risk 
with non-ST-elevation acute coronary syndrome in 
developed countries.1,2 The initial evidence to support this 
recommendation came from the FRISC-II trial, in which 
patients treated with an invasive strategy showed improved 
survival, reduced rate of myocardial infarction, reductions 
in symptoms of angina, and improved quality of life during 
24 months of follow-up, compared with a non-invasive 
strategy.3,4,5 The reduction in risk of reinfarction by an early 
invasive strategy was later verifi ed in the TACTICS-TIMI18 
trial.6 Results of both trials also showed that the reduction 
in mortality and myocardial infarction was confi ned to 
patients at moderate to high risk of recurrent events, as 
identifi ed by combinations of baseline characteristics, 
ST-segment depression, and raised troponin.6,7,8 Later, the 
RITA-3 trial verifi ed that an early invasive strategy during 
the fi rst year reduces the risk of the composite of death, 
myocardial infarction, and severe angina and, at an average 
of 5 years’ follow-up, also signifi cantly decreases death and 
myocardial infarction.9,10 Results of the ICTUS trial, in 
which troponin-positive patients were randomised to early 
versus delayed invasive treatment, did not show any 
signifi cant diff erences between the two strategies. This 

discrepant result might partly be explained by the high 
proportion of early crossover to invasive treatment, the 
more intense secondary prevention with clopidogrel and 
statins reducing the event rates in the non-invasive group, 
or both.11 We present the 5-year follow-up results with 
regard to death and myocardial infarction and need for 
invasive procedures in patients randomised to an early 
invasive or noninvasive strategy in the FRISC-II trial, in 
the total patient population and in subgroups based on 
recommended risk stratifi cation criteria.

Methods
Study design
The FRISC-II study was a prospective, randomised 
multicentre trial with parallel groups. The comparison 
between invasive and non-invasive strategies was done 
with a factorial design.3 Half the patients in each group 
were also randomised to continued treatment with 
subcutaneous dalteparin or placebo for 3 months. The 
objective of the invasive part of the FRISC-II trial was to 
compare an early invasive with an early non-invasive 
strategy in patients with unstable coronary artery disease 
with a primary composite endpoint of death, myocardial 
infarction, or both at 6 months. Other predefi ned endpoints 
were death, myocardial infarction, late revascularisation, 
readmissions to hospital, and cardiac symptoms at 6, 12, 
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and 24 months. These results have been published.3–5 The 
longer term results have been accrued by merging the 
FRISC-II database with National Registries on vital status, 
cause of death, coronary angiography, PCI, and hospital 
admissions. Although the 5-year follow-up and the 
endpoints studied in this report were not included in the 
original protocol, they were added as an additional protocol 
3 years before this follow-up study was done, as part of the 
submission for approval from ethics review boards for the 
accrual of personal numbers and for the approval from 
governmental authorities to merge the databases with 
national registries.

The study complied with the Declaration of Helsinki 
and all local ethics committees approved the protocol, 
including this 5-year registry based follow-up.

Patients and procedures
Between June 17, 1996, and August 28, 1998, 2457 patients 
were included and randomised to the invasive or 
non-invasive arm of the FRISC-II trial in 58 Scandinavian 
hospitals. The detailed inclusion criteria, exclusion criteria, 
study design, and results up to 24 months have been 
published.3 In short, patients were eligible if admitted with 
symptoms of myocardial ischaemia or non-ST-elevation 
myocardial infarction with the last episode of chest pain 
within 48 h before start of treatment with low molecular 
weight heparin (dalteparin) or unfractionated heparin and 
if showing signs of myocardial ischaemia—ie, 
ST-depression, T-wave inversion, or both, or raised 
biochemical markers of myocardial infarction. Patients 
were excluded if they had indication, or had been treated 
within the past 24 h, for thrombolysis, had undergone 
angioplasty within the past 6 months, had had previous 
open-heart surgery, were at an advanced age (eg, older than 
75 years; cutoff  limits for advanced age varied between 
hospitals and countries and were decided by each unit), or 
had other conditions that made randomisation to early 
revascularisation inappropriate. All patients received 
aspirin and open label dalteparin for at least 5 days and, in 
the invasive group, every day with the last dose the evening 
before the revascularisation. β-blockade was given unless 
contraindicated. Statins and ACE-inhibitors were 
recommended according to current treatment guidelines.

In the invasive strategy, the aim was to undertake 
coronary angiography, and if appropriate revascularisation, 
within 7 days from admission. Revascularisation was 
recommended in all patients with a 70% or greater 
diameter stenosis in any artery supplying a substantial 
proportion of the myocardium. Percutaneous coronary 
intervention (PCI) was recommended at one or two 
bloodfl ow-limiting lesions, whereas coronary artery by-pass 
surgery (CABG) was preferred in patients with three-vessel 
or left main disease. The non-invasive strategy 
recommended coronary angiography in patients with 
refractory or recurrent symptoms despite maximal medical 
treatment, or severe ischaemia at a pre-discharge 
symptom-limited exercise test. During long-term follow-up 

invasive procedures were considered, regardless of 
randomised strategy, for all patients with incapacitating 
symptoms, recurrence of instability, or myocardial 
infarction. 

The patients were assessed for outcome events while in 
hospital, by telephone contact after 2 weeks, by outpatient 
visits after 6 weeks, 3 months, and 6 months, and by 
telephone contact after 12 and 24 months. The information 
on new events after 24 months was obtained by the 
collection of patients’ personal numbers from the 
individual centres and by merging the database with the 
national registries of population and cause of death, 
coronary angiography or angioplasty registries, and 
hospital admissions registries. During the fi rst 6 months, 
all reported deaths, myocardial infarctions, elevation of 
biochemical markers in relation to PCI procedures, and 
new Q-waves reported by the ECG core laboratory were 
adjudicated by an independent clinical events committee. 
After the fi rst 6 months, information on further events was 
based on investigator report forms, outpatient visits, or 
telephone contact with all surviving patients. After 
24 months, all information on events was taken from 

Invasive (n=1222) Non-invasive (n=1235)

Age in years, median (range) 66 (40–84) 65 (37–84)

Men 874 (72%) 834 (68%)

Hypertension 366 (30%) 377 (31%)

Cholesterol >5·5 mmol/L* 701 (58%) 696 (57%)

Current smoker 363 (30%) 383 (31%)

Diabetes mellitus 155 (13%) 144 (12%)

Previous myocardial infarction 278 (23%) 268 (22%)

Angina >48 h 841 (69%) 832 (67%)

Chest pain at rest 987 (81%) 994 (81%)

ST depression at entry† 542 (45%) 572 (46%)

Troponin-T >0·03 µg/L‡ 780 (67%) 811 (69%)

LVEF <45%§ 129 (14%) 120 (12%)

Low risk (FRISC score 0–1) 183 (16%) 212 (18%)

Medium risk (FRISC score 2–3) 609 (54%) 605 (52%)

High risk (FRISC score 4–7) 346 (30%) 338 (29%)

LVEF=left ventricular ejection fraction. *Measured at entry in 1183 invasive group and 1194 non-invasive group 
patients. †Measured at entry in 1193 invasive group and 1215 non-invasive group patients. ‡Measured at 
randomisation in 1163 invasive group and 1170 non-invasive group patients. §Measured during hospitalisation for the 
index event in 941 invasive group and 1003 non-invasive group patients.

Table 1: Baseline characteristics 

n* Invasive Noninvasive RR (95% CI) p

Death and/or MI 1093/1102 217 (19·9%) 270 (24·5%) 0·81 (0·69–0·95) 0·009

Death 1211/1223 117 (9·7%) 124 (10·1%) 0·95 (0·75–1·21) 0·693

MI 1093/1102 141 (12·9%) 195 (17·7%) 0·73 (0·60–0·89) 0·002

Cardiac death 1211/1223 68 (5·6%) 72 (5·9%) 0·95 (0·69–1·32) 0·773

Cardiac death and/or MI 1093/1102 158 (14·5%) 206 (18·7%) 0·77 (0·64–0·94) 0·008

Non-cardiac death 1211/1223 49 (4·0%) 52 (4·3%) 0·95 (0·65–1·39) 0·799

*Patients assessed in invasive/noninvasive groups. 

Table 2: Death, myocardial infarction (MI), or both after 5 years 
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national registries run by the Swedish, Danish, or 
Norwegian health authorities. Data for vital status and date 
and cause of death were obtained from the diff erent 
national population registries and the national registries of 
cause of death. Information on occurrence of readmission 
to hospital and revascularisations beyond 24 months 
follow-up was obtained from the Swedish and Danish 
registries of hospital care; however, for the Norwegian 
patients (9·7% of the total population) this information 
was, for technical reasons, not possible to obtain. 

Statistics and data management
All statistical analyses were done on an intention-to-treat 
basis. The effi  cacy analyses were based on events occurring 
from randomisation until 5 years and were evaluated as 
point estimates including only patients with an adjudicated 
event or with recorded absence of the evaluated event until 
at least 5 years follow-up. The χ² test was used to test the 
signifi cance of the degree of association between 
dichotomous variables if not otherwise stated. The results 
were presented as risk ratios (RR) with 95% CI in the total 
population and predefi ned subgroups. The primary 
effi  cacy outcome was further assessed for variation of the 
eff ect of the randomised treatment in subgroups. These 
analyses consisted, for each covariate, of the multiple 
logistic regression model incorporating terms for treatment 
group, the covariate defi ning the subgroups, and the 
treatment group by covariate interaction. The number of 
patients with outcomes, estimated hazard ratios, and 
associated 95% CIs were calculated in each of the 
subgroups generated by these analyses.

Additionally, the same analyses were done in relation to 
the integrated risk stratifi cation tool (FRISC score) that has 
been proposed on the basis of the previous results.8 The 
FRISC score was the sum of the number of any of the 
following risk indicators: age older than 65 years, male sex, 
diabetes mellitus, previous myocardial infarction, 
ST-segment depression on admission, raised troponin 
concentration (>0·03 μg/L), and elevation of an 
infl ammatory marker (C-reactive protein or interleukin 6) 
in plasma samples drawn on admission. Patients were 
deemed low risk if they had a FRISC score of 0–1, medium 
risk if the score was 2–3, or high risk if the score was 4–7. 
The Kaplan-Meier estimate of the survival function was 
used to show the timing of events up to 5 years after 
randomisation. The data processing and statistical analyses 
were done by the co-ordinating centre with SPSS 12·0. 

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. The corresponding author had full 
access to all the data in the study and had fi nal responsibility 
for the decision to submit for publication.

Results
In May 2006, vital status and cause of deaths was known 
for 2434 patients (99·1%) up to 5 years after randomisation. 
Complete information on other events was absent in 
262 (10·7% of all patients) mostly Norwegian patients, 
129 in the invasive and 133 in the non-invasive group, 
mainly because of technical diffi  culties with accrual of 
information on reasons for hospitalisation in Norway, and 
in a few other cases because of withdrawal from follow-up 
or inability to track individual patients. As previously 
reported,3 no signifi cant diff erences in baseline character-
istics were noted between the randomised groups 
(table 1).  
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Figure 1: Timing of death, myocardial infarction, or both (A), death (B), and 
myocardial infarction (C) 
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At 5 years a diff erence remained between the groups 
in terms of the primary composite endpoint of death, 
myocardial infarction, or both, with fewer patients in 
the invasive than in the noninvasive group reaching this 
endpoint (table 2). Myocardial infarctions were less 
frequent in the invasive than in the noninvasive group. 
At 5 years we noted no signifi cant diff erence between 
the groups in the number of deaths, in contrast to the 
results at 2 years, when mortality was lower in the 
invasive (45, 3·7 %) than in the non-invasive group (67, 
5·4%; RR 0·68, 95% CI 0·47–0·98; p=0·038). However, 
in patients younger than 70 years (n=1628) the diff erence 
in mortality observed at 2 years seemed to be main-
tained—at 2 years, 16 (2·0 %) in the invasive and 30 
(3·5%) in the non-invasive group (RR 0·58, 95% CI 
0·32–1·05; p=0·068), and at 5 years 44 (5·6%) and 
59 (7·0%, 0·81, 0·55–1·12; p=0·265). By contrast, in 
those aged 70 years or older (n=806), with a median age 
of 74·1 years at randomisation (range 70–84), the 
diff erence in mortality at 2 years (29 [6·8%] vs 37 [9·8%]; 
0·69, 0·43–1·10; p=0·115) had vanished after 5 years (73 
[17·0%] vs 65 [17·2%]; 0·99, 0·73–1·34; p=0·933). The 
proportions of patients who died from cardiac and from 
non-cardiac causes in each group were similar between 
the groups (table 2). Figure 1 shows the time course of 
events in the groups.

In the invasive group, 60·6% (741) of patients were 
revascularised within the fi rst week, 75·9% (927) during 
the fi rst admission, and 78% (955), 78% (955), and 80% 
(879 of 1102) at 1, 2, and 5 years. In the non-invasive group, 
most revascularisations were done late; 4·7% (58) within 
the fi rst week and 13% (161) during the fi rst admission, 
but increasing to 43% (525), 45% (561), and 52% (577 of 
1110) at 1, 2, and 5 years. 

Numbers of patients who underwent PCI or CABG 
during the 5 years are shown in table 3. Substantially fewer 
revascularisations were done after the initial admission, 
even including re-interventions, in the invasive than in the 
non-invasive strategy group (table 3). Frequency of late PCI 
was lower in the invasive than in the noninvasive group; 
there was an even lower need for late CABG. Timing of the 
revascularisations is illustrated in fi gure 2.

Regarding the previously established risk indicators, 
the 5 year results (table 4) verifi ed that the highest rates 
of events in the non-invasive group were seen in patients 
with diabetes mellitus, previous myocardial infarction, 
raised troponin concentration, hypertension, ST-
depression on admission, non-smoker, older age, history 
of angina, and male sex. Sex and smoking, but none of 
the other individual risk indicators, showed a signifi cant 
interaction with the eff ects of the invasive strategy on 
the primary endpoint. When the 2-year and 5-year 
results were assessed in relation to the FRISC score,8 
the long-term benefi ts of the invasive strategy were 
maintained for the primary endpoint (absolute benefi ts 
7·1% and 6·9% at 2 years and 5 years, respectively) and 
death alone (absolute benefi ts 2·5% and 1·5%), in 

patients with two or more of these risk indicators 
(tables 4 and 5; fi gure 3). In the low risk group there was 
a trend towards a higher rate of myocardial infarction 
and of mortality at 5 years with the invasive than with 
the non-invasive strategy (table 5).

Discussion
The 5-year follow-up results of the FRISC-II trial show a 
4·6% absolute and 19% relative reduction in the primary 
composite endpoint of death and myocardial infarction 
by an early invasive strategy compared with a non-
invasive strategy. In the same population, the cor-
responding absolute diff erence in this composite 
endpoint was 4·9% after 2 years.5 This diff erence in 
event rate was based on a continued diff erence in rates 
of myocardial infarction, which had risen from 3·9% 
after 2 years to 4·8% after 5 years. After the 2-year 
follow-up there was an attrition of the gain in mortality 
as the diff erence of 1·8% after 2 years was reduced to 
0·4% after 5 years. This change was explained by a 
decrease in the benefi t in mortality, from 3·0% to 0·2%, 
in patients older than 70 years at entry into the study, 
and was caused as much by non-cardiac as cardiac 
mortality. By contrast, in patients younger than 70 years, 
the mortality benefi t of 1·5% at 2 years was sustained 
and remained at 1·4% at 5 years.

n* Invasive Non-invasive RR (95% CI) p

Including index hospitalisation

PCI 1098/1107 488 (44·4%) 291 (26·3%) 1·69 (1·50–1·90) <0·0001

CABG 1097/1104 450 (41·0%) 328 (29·7%) 1·38 (1·23–1·55) <0·0001

Any intervention 1102/1110 879 (79·8%) 577 (52·0%) 1·53 (1·44–1·64) <0·0001

Only after index hospitalisation

PCI 1098/1107 110 (10·0%) 231 (20·9%) 0·48 (0·39–0·59) <0·0001

CABG 1097/1104 54 (4·9%) 247 (22·4%) 0·22 (0·17–0·29) <0·0001

Any intervention 1102/1110 140 (12·7%) 447 (40·3%) 0·32 (0·27–0·37) <0·0001

*Patients assessed in invasive/non-invasive groups. 

Table 3: Interventions during 5 years after randomisation 
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During the 5-year follow-up period the initial 
diff erence in event rates between the invasive and 
non-invasive groups became gradually smaller, and after 
2–3 years the event curves became more parallel. This 
change might be related to the more frequent censoring 
of high-risk patients because of an event and also to the 
frequency of crossover to an invasive treatment in the 
non-invasive arm during follow-up. Thus, the in-hospital 
63% absolute diff erence in proportion of revascular-
isation between the two arms had, during the fi rst 
2 years, gradually been reduced to around 30–35%. 
However, the further development of the underlying 
coronary and cardiovascular disease and (especially in 
elderly patients) the development of co-morbidities as 
competing causes of death would over time reduce any 
remaining eff ects on long-term mortality of the initial 
randomised intervention. 

The concept and methods for risk stratifi cation to 
select patients for early invasive treatment strategy were 
developed retrospectively on the basis of results of the 
FRISC-II and TACTICS-TIMI18 trials.6–8 From these 
two trials, the common indicators for groups at high 
risk, with the largest chances of a reduction in rate of 
death and myocardial infarction by the invasive strategy, 
were age, diabetes, previous myocardial infarction, 
ST-segment depression, and raised troponin. In the 
FRISC-II and RITA 3 trials, male sex was also a risk 
factor for death and myocardial infarction that was 
susceptible to reduction by use of an early invasive 
approach.9,10,12,13 The 5-year results verify the value of 
these risk indicators for identifi cation of patients at 
high risk for events. However, of the individual risk 
indicators, only sex and smoking showed a signifi cant 
interaction with the eff ects of an invasive strategy. For 
the other risk indicators, these results emphasise the 
importance of not considering any risk indicator in 
isolation, but rather combining several indicators to 
identify patients who will gain most by an early invasive 
approach. The 5-year outcomes in relation to the 
previously published FRISC-score8 showed a 7% 
absolute and 25% relative reduction in death, myocardial 
infarction, or both in the 82% of the population who 
had two or more risk indicators (moderate to high risk 

n* Invasive Non-invasive RR (95% CI) p (interaction)

Dalteparin treatment

Dalteparin 549/555 114 (20·8%) 131 (23·6%) 0·88 (0·70–1·10) 0·303

Placebo 544/547 103 (18·9%) 139 (25·4%) 0·74 (0·60–0·93)

Sex

Women 315/357 69 (21·9%) 70 (19·6%) 1·12 (0·83–1·50) 0·010

Men 778/745 148 (19·0%) 200 (26·8%) 0·70 (0·59–0·86)

Age

>65 years 607/574 148 (24·4%) 181 (31·5%) 0·77 (0·64–0·93) 0·858

<65years 486/528 69 (14·2%) 89 (16·9%) 0·84 (0·63–1·12)

Smoking

Current smoker 310/308 60 (19·4%) 53 (17·2%) 1·12 (0·80–1·57) 0·022

Not smoking 783/794 157 (20·1%) 217 (27·3%) 0·73 (0·61–0·88)

Diabetes

Diabetes mellitus 144/134 51 (35·4%) 57 (42·5%) 0·83 (0·62–1·12) 0·958

No diabetes 949/968 166 (17·5%) 213 (22·0%) 0·80 (0·66– 0·95)

Angina history

>3 months 398/384 97 (24·4%) 121 (31·5%) 0·77 (0·62–0·97) 0·534

<3 months  694/718 120 (17·3%) 149 (20·8%) 0·83 (0·67–1·04)

Previous MI

Yes 259/246 83 (32·0%) 95 (38·6%) 0·83 (0·66–1·05) 0·978

No 834/856 134 (16·1%) 175 (20·4%) 0·79 (0·64–0·96)

Hypertension

Yes 338/346 87 (25·7%) 108 (31·2%) 0·82 (0·65–1·05) 0·994

No 755/756 130 (17·2%) 162 (21·4%) 0·80 (0·65–0·99)

Chest pain at rest

Yes 879/873 168 (19·1 %) 209 (23·9%) 0·80 (0·67–0·96) 0·922

No 213/228 48 (22·5 %) 60 (26·3%) 0·87 (0·62–1·19)

Troponin-T

>0·03 μg/L 696/731 153 (22·0%) 205 (28·0%) 0·78 (0·65–0·94) 0·424

<0·03 μg/L 358/327 53 (14·8%) 54 (16·5%) 0·90 (0·63–1·27)

ST depression at inclusion

Yes 469/493 117 (24·9%) 147 (29·8%) 0·84 (0·68–1·03) 0·677

No 599/590 91 (15·2%) 118 (20·0%) 0·76 (0·59–0·97)

FRISC score

Low risk (0–1) 174/195 18 (10·3%) 16 (8·2%) 1·26 (0·66–2·40) 0·095†

Medium risk (2–3) 548/544 80 (14·6%) 111 (20·4%) 0·72 (0·55–1·13) 0·228‡

High risk (4–7) 312/310 102 (32·7%) 129 (41·6%) 0·79 (0·64–0·97)

*Patients assessed in invasive/noninvasive groups. †Signifi cance of interaction for FRISC score in two groups, 
0–1 vs 2–7. ‡Signifi cance of interaction for FRISC score in three groups, 0–1 vs 2–3 vs 4–7. 

Table 4: Eff ect of treatment strategies on occurrence of death, myocardial infarction, or both at 5 years in 
predefi ned strata and subgroups and in diff erent risk-groups

At 2 years At 5 years

n* Invasive Noninvasive  RR (95% CI)  p† Invasive Non-invasive RR(95% CI) p†

Death or Myocardial infarction

Low risk 174/195 13 (7·5%) 9 (4·6%) 1·62 (0·71–3·69) 0·025 18 (10·3%) 16 (8·2%) 1·26 (0·66–2·40) 0·095

Medium/high risk† 860/854 109 (12·7%) 169 (19·8%) 0·64 (0·51–0·80) 182 (21·2%) 240 (28·1%) 0·75 (0·64–0·89)

Death

Low risk 183/210 1 (0·5%) 1 (0·5%) 1·15(0·07–18·2) 0·650 7 (3·8%) 2 (1·0%) 4·02 (0·84–19·1) 0·056

Medium/high risk† 944/933 38 (4·0%) 61 (6·5%) 0·62 (0·42–0·91) 99 (10·5%) 112 (12·0%) 0·87 (0·68–1·13)

Only patients with 5 years’ follow-up were included in results presented for 2 years. *Patients assessed in invasive/noninvasive groups. †Signifi cance of interaction for FRISC 
score in two groups, 0–1 versus 2–7. 

Table 5: Occurrence of death, myocardial infarction (MI), or both after 2 years and 5 years in relation to risk stratifi cation with FRISC score
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group). Although the numbers of patients and events 
numbers are small, the trends towards increased rate of 
myocardial infarction3,4,5 and mortality at 5 years with 
the early invasive strategy in the low risk group are 
noteworthy.

The 5-year results of FRISC-II agree with those of the 
RITA 3 trial10 regarding reductions in the composite of 
death and myocardial infarction. In RITA 3, a gradient 
of benefi t was noted in relation to risk stratifi cation, 
corroborating our long-term fi ndings.10 However, by 
contrast with the fi ndings of RITA 3, the sustained 
benefi ts up to 5 years in FRISC-II were mainly related 
to myocardial infarction, whereas the benefi ts to 
mortality fell, especially in elderly patients. These 
diff erences between the two trials might be related to 
diff erences in design—eg, selection of patients, pro-
portion and timing of randomised and non-randomised 
interventions, and concomitant medical treatment in 
the compared groups. However, in accord with the 
attrition of the survival benefi t at late follow-up in 
FRISC-II, the results of the VA study14 showed a trend 
towards lower mortality in the surgical versus medical 
group in the beginning, which disappeared during the 
10-year follow-up. Unfortunately, follow-up beyond 
6 months is not available for the TACTICS-TIMI18 
trial.6 

Our study has some limitations. After 2 years, data on 
events were obtained by the merging of the trial 
database with national registries. The completeness of 
the vital data was greater than 99%. After 2 years, the 
occurrence and diagnoses of myocardial infarction were 
not adjudicated but were based on discharge diagnoses 
from national registries on hospital admissions. The 
accuracy of this method for long-term follow-up is 
adequate, with 94% sensitivity for the diagnosis of acute 
myocardial infarction.15 Information about rehospital-
isations and revascularisations between 2 years and 
5 years could not be obtained from Norwegian registries 
(<10% of patients), but these omissions probably had 
little eff ect on the overall results of the study. During 
the fi rst 6 months, minor increases in markers of 
myocardial infarction were routinely recorded in 
connection with angioplasty, and were used as the basis 
for diagnosis of myocardial infarction. Thereafter, this 
diagnosis was established by the local clinical routine, 
which might have led to an underestimation of 
procedure-related myocardial infarctions in the 
non-invasive group. Because the interventions were 
done between 1996 and 1998, by comparison with 
current standards16 there was no availability of drug 
eluting stents, no preprocedural or periprocedural 
clopidogrel, and a very limited use of glycoprotein 
IIb/IIIa inhibitors. The indications for invasive 
procedures in the non-invasive arm of the present trial 
were more strict and the use of coronary artery bypass 
surgery more frequent than in the later trials,6,9,11 which 
might have amplifi ed the diff erences in outcome in the 

present trial. By comparison with the currently 
recommended long-term medical treatment1,2 clopidogrel 
was only used for 1 month after stenting and not at all in 
the non-revascularised patients. Although treatment 
with statins and ACE-inhibitors was encouraged, the 
indications for their early initiation and the liability to 
increase the dose were more limited than today’s 
standards. Thus, over the years improvements in the 
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Figure 3: Timing of death, myocardial infarction, or both in patients at 
(A) low, (B) medium, (C) high risk, according to FRISC score
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effi  cacy and safety of invasive procedures and in medical 
treatment have probably modulated the eff ects of an early 
invasive strategy. The FRISC score was retrospectively 
developed on the basis of the 2-year outcome of FRISC-2. 
Although it mainly contains risk indicators also identifi ed 
in other trials,1,2,6,10 its usefulness needs to be prospectively 
verifi ed in other studies. In particular, the inclusion of sex 
in the score needs further clarifi cation, since the 
interaction with sex has been shown in some9 but not in 
all6,11 other trials. 

Our results show that an early invasive strategy, with 
revascularisation in 76% of patients, after an initial raised 
risk of events related to the invasive procedures, rapidly 
transformed non-ST-elevation acute coronary syndrome 
into a stable condition with low rates of death, myocardial 
infarction, PCI, and CABG similar to those in populations 
with stable coronary heart disease and after PCI.16,17 With a 
primarily non-invasive approach, with an early revas-
cularisation rate of 13%, this stabilisation process took 
longer; only after 3–4 years did the event rates became 
similar to those seen with an early invasive regimen, and 
52% of patient later needed a revascularisation procedure. 
These fi ndings lend support to the current recommendation 
of an early invasive approach in moderate to high risk 
non-ST-elevation acute coronary syndrome. The results 
also emphasise the need for further development of risk 
stratifi cation and of adjuvant medical treatments, to 
improve the tailoring of treatment and outcome of early 
revascularisation in clinical practice.
Contributors
All co-authors participated in the design, development of the protocol, 
performance, follow-up, and evaluation and interpretation of the results. 
B Lagerqvist was responsible for coordinating the data-management and 
the statistical analyses. L Wallentin was responsible for writing the 
manuscript, which was commented on and amended by all co-authors.

Confl ict of interest statement
We declare that we have no confl ict of interest.

Acknowledgments
Max Köster (Centre of Epidemiology, Swedish Board of Health and 
Welfare, Stockholm, Sweden) and Søren P Johnsen (Department of 
Clinical Epidemiology, Aarhus University Hospital) merged the 
FRISC-II database with the national registries on cause of death and 
hospital care in Sweden and Denmark. Committee members, core 
laboratories, participating centres, and doctors and nurses who 
participated have been presented in previous publications.1,2 The study 
was supported by and organised in collaboration with Pharmacia and 
Upjohn. The research group also received funding from the Swedish 
Heart-Lung Foundation.

References
1 Bertrand M, Simoons M, Fox K, et al. Management of acute 

coronary syndromes in patients presenting without persistent 
ST-segment elevation. Eur Heart J 2002; 23: 1809–40.

2 Braunwald E, Antman EM, Beasley JW, et al. ACC/AHA 2002 
guideline update for the management of patients with unstable 
angina and non-ST-segment elevation myocardial 
infarction—summary article: a report of the American College of 
Cardiology/American Heart Association task force on practice 
guidelines (Committee on the Management of Patients With 
Unstable Angina). J Am Coll Cardiol 2002; 40: 1366–74.

3 FRagmin and Fast Revascularisation during InStability in Coronary 
artery disease Investigators. Invasive compared with non-invasive 
treatment in unstable coronary-artery disease: FRISC-II prospective 
randomised multicentre study. Lancet 1999; 354: 708–15.

4 Wallentin L, Lagerqvist B, Husted S, Kontny F, Stahle E, Swahn E. 
Outcome at 1 year after an invasive compared with a non-invasive 
strategy in unstable coronary-artery disease: the FRISC-II invasive 
randomised trial. Lancet 2000; 356: 9–16.

5 Lagerqvist B, Husted S, Kontny F, et al. A long-term perspective on the 
protective eff ects of an early invasive strategy in unstable coronary 
artery disease—a 2 year follow-up. J Am Coll Cardiol 2002; 40: 1902–14. 

6 Cannon CP, Weintraub WS, Demopoulos LA, et al. Comparison of 
early invasive and conservative strategies in patients with unstable 
coronary syndromes treated with the glycoprotein IIb/IIIa inhibitor 
tirofi ban. N Engl J Med 2001; 344: 1879–87.

7 Diderholm E, Andrén B, Frostfeldt G, et al, and the FRISC-II study 
group. The prognostic and therapeutic implications of increased 
Troponin T levels and ST depression in unstable coronary artery 
disease -the FRISC-II invasive Troponin T-ECG substudy. Am Heart J 
2002; 143: 760–67.

8 Lagerqvist B, Diderholm E, Husted S, et al. The FRISC-score for 
selection of patients for an early invasive treatment strategy in 
unstable coronary artery disease. Heart 2005; 91: 1047–52.

9 Fox KA, Poole-Wilson PA, Henderson RA, et al. Randomised 
intervention trial of unstable angina investigators. Interventional 
versus conservative treatment for patients with unstable angina or 
non-ST elevation myocardial infarction: the British Heart 
Foundation RITA 3 randomised trial. Lancet 2002; 360: 743–51. 

10 Fox KA, Poole-Wilson P, Clayton TC, et al. 5-year outcome of an 
interventional strategy in non-ST-elevation acute coronary 
syndrome: the British Heart Foundation RITA 3 randomised trial. 
Lancet. 2005; 366: 914–20. 

11 de Winter RJ, Windhausen F, Cornel JH, et al, for the Invasive 
versus Conservative Treatment in Unstable Coronary Syndromes 
(ICTUS) Investigators. Early invasive v`ersus selectively invasive 
management for acute coronary syndromes. N Engl J Med. 2005; 
353: 1095–104. 

12 Lagerqvist B, Safstrom K, Stahle E, Wallentin L, Swahn E. Is early 
invasive treatment of unstable coronary artery disease equally 
eff ective for both women and men? J Am Coll Cardiol 2001; 38: 41–48.

13 Clayton TC, Pocock SJ, Henderson RA, et al. Do men benefi t more 
than women from an interventional strategy in patients with 
unstable angina or non-ST-elevation myocardial infarction? The 
impact of gender in the RITA 3 trial. Eur Heart J 2004; 25: 1641–50.

14 Scott SM, Deupree RH, Sharma G V, Luchi RJ. VA Study of Unstable 
Angina. 10-year results show duration of surgical advantage for 
patients with impaired ejection fraction. Circulation 1994; 90: II120–23.

15 Hammar N, Alfredsson L, Rosen M, Spetz CL, Kahan T, Ysberg AS. 
A national record linkage to study acute myocardial infarction 
incidence and case fatality in Sweden. Int J Epidemiol 2001; 
30 (suppl 1): S30–34.

16 Silber S, Albertsson P, Aviles FF, et al. Guidelines for percutaneous 
coronary interventions. The Task Force for Percutaneous Coronary 
Interventions of the European Society of Cardiology. Eur Heart J 
2005; 26: 804–47.

17 Fox K, Garcia MAA, Ardissino D, et al. Guidelines on the 
management of stable angina. Eur Heart J 2006; 27: 1341–81.


	5-year outcomes in the FRISC-II randomised trial of an invasive versus a non-invasive strategy in non-ST-elevation acute coronary syndrome:a follow-up study
	Introduction
	Methods
	Study design
	Patients and procedures
	Statistics and data management
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


