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Abstract

Aims: Despite recommendations in recent guidelines for a routine invasive strategy for non-ST-segment
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gies in clinical practice are not available. Our aim was to provide long-term data on the implementation of
a routine invasive strategy in NSTE-ACS in clinical practice.

Methods and results: In the SWEDEHEART registry, data from 204,092 consecutive NSTE-ACS
patients admitted between 1996 and 2007 were recorded. The use of the routine invasive strategy, retrospec-
tively defined as coronary angiography (and subsequent revascularisation) within three days after admis-
sion, increased from 3.8% in the period 1996-1998 to 37.4% in the period 2005-2007. The largest absolute
increase in the use of this strategy was observed in low-risk patients, while a similar relative increase was
observed in all risk categories. The use of the selective invasive strategy, defined as coronary angiography
later than three days after admission or none at all, decreased from 96.2% in the period 1996-1998 to 62.5%
in the period 2005-2007. In the total population, there was a gradual decrease in three-year all-cause mortal-
ity, from 29.1% in the period 1996-1998 to 23.9% in the period 2005-2007.

Conclusions: There has been an increase in the use of a routine invasive strategy in NSTE-ACS patients
over the course of 12 years in Sweden. There was a decrease in three-year mortality over the same time

course.
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Introduction
Current European Society of Cardiology (ESC) guidelines on myo-
cardial revascularisation recommend a routine invasive strategy over
a selective invasive strategy for patients with intermediate to high-
risk non-ST-segment elevation acute coronary syndrome (NSTE-
ACS)'. This recommendation is partly based on a meta-analysis of
the FRISC II, ICTUS and RITA-3 (FIR) trials’, showing a direct
relationship between baseline risk and the long-term benefit of the
routine invasive strategy by reducing the composite of mortality and
myocardial infarction (MI). Regarding baseline risk and treatment
strategies, an important treatment-risk paradox exists in the man-
agement of ACS?. Patients considered high-risk were less likely to
undergo coronary angiography and subsequent revascularisation.
However, there were only weak correlations between risk assess-
ment by the treating physicians and those by validated risk scores.
Data on the implementation of these treatment strategies in clini-
cal practice and clinical outcomes over a longer time period are cur-
rently not available. In the Swedish Web-system for Enhancement
and Development of Evidence-based care in Heart disease Evaluated
According to Recommended Therapies (SWEDEHEART) registry,
consecutive patients with ACS have been “captured” since 1995%.
The aim of the current analysis was to describe the use of invasive
strategies and related three-year outcomes, according to baseline risk,
in these NSTE-ACS patients in Sweden over a twelve-year period.
Editorial, see page 1081

Methods

SOURCE DATA

Data were derived from the SWEDEHEART registry.
SWEDEHEART has been enrolling consecutive ACS patients admit-
ted to hospitals in Sweden since 1995, and currently includes all
Swedish hospitals providing cardiac care. Information is collected
prospectively, and the variables in SWEDEHEART comply with
the international Cardiology Audit and Registration Data Standards’.
The technical platform was developed by Uppsala Clinical Research
Center, Uppsala University. SWEDEHEART is funded by the
Swedish public healthcare provider and is independent of com-
mercial funding. The protocol is available at http://www.ucr.uu.se/
swedeheart, and the registry has been described previously”.

STUDY POPULATION

For the current analysis, we included all patients with a discharge
diagnosis of NSTE-ACS between 1996 and 2007, including non-
ST-segment elevation MI (NSTEMI) and unstable angina pectoris
(UAP). The standardised criteria used for the diagnosis of NSTEMI
and UAP were according to the World Health Organization®. The
biochemical criteria for diagnosing MI were in accordance with
the ESC/American College of Cardiology consensus documents”s.
All patients were informed about their participation in the regis-
try and the follow-up, and had the right to request to be excluded.
The registry, merging of databases and the current analysis were
approved by the local ethics committee at Uppsala University,
Sweden. Our study complies with the Declaration of Helsinki.

Treatment strategies for NSTE-ACS in SWEDEHEART

TREATMENT STRATEGIES

SWEDEHEART does not capture the intended treatment strat-
egy by the treating physician; therefore, we used the following
definitions based on coronary angiography during initial hospi-
talisation. The routine invasive strategy group comprises patients
who underwent coronary angiography (and subsequent revascu-
larisation if suitable) within three days after admission. The selec-
tive invasive strategy group comprises patients who underwent
coronary angiography (and subsequent revascularisation if suit-
able) later than three days after admission or no coronary angi-
ography at all. Coronary angiography after index hospitalisation
was not included. The definitions were based on current guide-
lines. Because the intended treatment strategy was not captured
in the SWEDEHEART registry, there is potential crossover from
either intended strategy because of clinical signs or symptoms.
In-hospital revascularisation was defined as revascularisation
by percutaneous coronary intervention (PCI) or coronary artery
bypass grafting (CABG) before discharge.

OUTCOMES AND FOLLOW-UP

The main outcome for the current analysis was three-year all-
cause mortality. Mortality data were obtained by synchronising
SWEDEHEART with the National Death Registry, which contains
the vital status of all Swedish citizens.

QUALITY OF THE DATA

To ensure the validity of the information entered into the data-
base, a single specially trained monitor visited randomly selected
participating hospitals every year and compared informa-
tion in the patient records with the information entered into the
SWEDEHEART database. This involved 30 to 40 randomly cho-
sen patients for each hospital.

STATISTICAL ANALYSIS
The data are presented as cohorts of patients admitted over three-
year periods. Categorical data are reported as frequencies (per-
centage). P-values presented are for linear trend. The allocation
to different treatment strategies and outcomes was also presented
according to the patients’ baseline risk profiles. Because cardiac
biomarker data were not available, we used the integer-based FIR
risk score, which was developed for the evaluation of risk and
benefit of a routine invasive strategy in the FIR collaboration?.
Using this score, a patient’s baseline risk profile was estimated as
low (<5), intermediate (5-8) or high (>8). The FIR risk score is
defined as follows: age (years): <60=0 points, 60-64=1, 65-69=2,
70-74=3, and >75=5; diabetes=4; hypertension=1; previous
MI=3; ST-segment depression=2; body mass index: <25 kg/m*=1,
25-<35 kg/m*=0, and >35 kg/m>=22. Because age is a major driver
of the baseline risk profile of patients, we also present the alloca-
tion to different treatment strategies and occurrence of outcomes
according to different age categories as a sensitivity analysis.
Three-year cumulative mortality was estimated with the
Kaplan-Meier method. Three-year death rates are reported
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according to the time periods, treatment strategy and baseline
risk as estimated with the FIR risk score. Changes over time in
the hazard for mortality compared with the oldest time interval
were calculated with univariable and multivariable Cox propor-
tional hazards models. The multivariable model included adjust-
ments for FIR risk score and revascularisation within the initial
hospitalisation.

Results
PATIENTS AND TREATMENT STRATEGIES
From January 1996 to December 2007, 204,092 patients were hos-
pitalised for NSTE-ACS. The discharge diagnosis was NSTEMI in
90,603 and UAP in 113,489 patients.

Baseline characteristics and treatment strategies are presented
in Table 1.

During the course of 12 years, patients became older, had
a greater body weight, and more often had diabetes and hyperten-
sion. The use of the routine invasive strategy increased gradually
over time, resulting in increasing percentages of patients who were
revascularised during the initial hospitalisation. In patients aged
70 years or older, the use of a routine invasive strategy rose from
2.5% in the period 1996-1998 to 27.5% in the period 2005-2007
(p<0.001). Comparable trends were observed in octogenarians and
nonagenarians.

TREATMENT STRATEGIES ACCORDING TO BASELINE RISK
The largest absolute increase in the use of the routine inva-
sive strategy was observed in patients at low risk for ischaemic
events, as indicated by the FIR risk score. In this group, 9.6%
of the patients underwent a routine invasive management in the
period 1996-1998, compared with 52.8% in the period 2005-
2007 (Table 2). The smallest absolute increase was observed
in high-risk patients, from 3.0% in the period 1996-1998 up
to 22.6% in the period 2005-2007. In patients in whom one or
more of the variables that were needed to calculate the FIR risk
score were missing, 3.4% received a routine invasive manage-
ment in the period 1996-1998, 7.1% in the period 1999-2001,
20.2% in the period 2002-2004, and 32.8% in the period 2005-
2007. Missing values were observed in 0% of the patients for
the risk score component age, 1.8% for diabetes, 2.4% for his-
tory of MI, 3.5% for ST-segment depression on admission, 2.9%
for hypertension, and 69.6% for BMI. Because we were unable
to calculate the FIR risk score mainly because of missing BMI
values, we also present the results according to a modified FIR
risk score excluding BMI. As shown in Table 2, there was an
increase in the use of the routine invasive strategy in all age
categories. Although the largest absolute increase in the use of
a routine invasive strategy was observed in low-risk patients, the
FIR risk score without BMI and the age categories indicate that
the relative increase in the use of a routine invasive strategy was
comparable in all groups.

An increase in revascularisation rates, regardless of the treatment
strategy, was observed in all risk groups. In the period 2005-2007,

the percentages of revascularised patients were 68.5%, 51.1% and
37.1% in the low-, intermediate- and high-risk groups, respectively.

OUTCOMES

In the total population, there was a gradual decrease in three-
year all-cause mortality over time, from 29.1% in the period
1996-1998 to 23.9% in the period 2005-2007 (Table 3). This
was mainly driven by a decrease in three-year mortality in
patients undergoing a routine invasive management. Event rates
were relatively stable in patients undergoing a selective inva-
sive management (Figure 1). Figure 1 shows that the three-year
mortality hazards are decreasing in the routine invasively man-
aged patients and are constant in the selective invasively man-
aged patients and remain after adjustments for the risk profile
of the patient and revascularisation status. Tahle 3 also shows
the three-year death rates over time with regard to the baseline
risk profile of the patients. The decrease in mortality was most
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Cumulative mortality (%)
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Follow-up (years)

Strategy = Time frame Cox models
Unadjusted Adjusted for FIR score &
revascularisation
HR(95% Cl)  p-value = HR(95%CI) = p-value
Routine 1996-1998 Reference - Reference -

ivasive 19992001  0.90(0.78-1.04)  0.15  0.96(0.68-1.35)  0.81
2002-2004 0.73 (0.64-0.84) <0.001 | 0.66 (0.48-0.91)  0.01
2005-2007  0.74 (0.65-0.84)  <0.001 | 0.72 (0.53-0.98)  0.04
_Selec_tive 1996-1998 Reference - Reference -
INVasive ' 19992001 | 0.98(0.96-1.01)  0.20  0.96 (0.85-1.01)  0.39
2002-2004 | 1.04 (1.02-1.07) ~ 0.001 | 1.10(1.03-1.18)|  0.001
2005-2007 | 1.03 (1.00-1.06) ~ 0.03 | 1.19(1.11-1.27)| <0.001

Figure 1. Three-year cumulative mortality according to treatment
strategy. Cumulative unadjusted mortality estimated with the
Kaplan-Meier method. The table presents the unadjusted and
adjusted hazard ratios (HR) and 95% confidence intervals (CI) for
mortality calculated with Cox proportional hazards models using the
1996-1998 time period as the reference.
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Table 1. Baseline characteristics of the patients and treatments.

Characteristic/treatment 1996-1998 1999-2001 2002-2004 2005-2007 p-value for
(n=40,446) (n=54,559) (n=55,650) (n=53,437) trend
Age >60 years, n (%) 32,202 (79.6%) 43,210 (79.2%) 44,448 (79.9%) 42,872 (80.2%) 0.001
Female sex, n (%) 14,372 (35.5%) 19,857 (36.4%) 20,580 (37.0%) 19,457 (36.4%) <0.01
Body mass index, n (%) 0.58
<25 kg/m? 1,995 (40.3%) 2,343 (38.5%) 7,184 (39.3%) 12,594 (38.6%)
>35 kg/m? 154 (3.1%) 240 (3.9%) 665 (3.6%) 1,341 (4.1%)
Diabetes, n (%) 8,132 (20.5%) 11,322 (21.3%) 11,749 (21.5%) 11,522 (21.7%) <0.001
Insulin-dependent 2,559 (6.5%) 3,670 (6.9%) 4277 (7.8%) 4,293 (8.0%) <0.001
Hypertension, n (%) 12,996 (33.2%) 18,394 (35.0%) 21,126 (38.8%) 23,230 (43.6%) <0.001
Current smoker, n (%) 7,532 (20.2%) 10,876 (22.1%) 11,295 (21.8%) 11,243 (21.2%) <0.001
History, n (%)
Myocardial infarction 11,442 (29.0%) 12,428 (23.6%) 10,971 (20.1%) 8,836 (16.5%) <0.001
PCI 1,857 (4.7%) 2,379 (4.5%) 2,502 (4.6%) 2,720 (5.1%) <0.001
CABG 2,213 (5.6%) 3,149 (6.0%) 3,280 (6.0%) 3,277 (6.1%) <0.001
COPD 2,650 (6.6%) 3,913 (7.2%) 4,487 (8.1%) 4,616 (8.6%) <0.001
Heart failure 5,067 (12.5%) 6,547 (12.0%) 6,231 (11.2%) 5,205 (9.7%) <0.001
Stroke 4,103 (10.1%) 5,789 (10.6%) 6,010 (10.8%) 5,440 (10.2%) 0.89
Medication at admission, n (%)
Aspirin 16,321 (41.1%) 21,985 (41.2%) 21,787 (39.8%) 19,734 (36.9%) <0.001
Beta-blocker 14,352 (36.2%) 19,796 (37.1%) 20,813 (38.1%) 19,508 (36.5%) <0.001
Statin 3,776 (9.5%) 7,659 (14.4%) 10,127 (18.5%) 11,769 (22.0%) <0.001
ACE/ARB inhibitor 6,335 (16.0%) 9,204 (17.3%) 11,736 (21.5%) 14,152 (26.7%) <0.001
In-hospital treatment, n (%)
Glycoprotein I1b/llla inhibitors 538 (5.8%) 3,800 (7.7%) 7,333 (13.7%) 9,253 (17.3%) <0.001
P2Y , inhibitors 8,769 (25.1%) 10,771 (22.8%) 18,524 (38.1%) 27,600 (73.8%) <0.001
Heparin 6,971 (20.0%) 8,683 (18.3%) 16,085 (33.1%) 19,594 (52.3%) <0.001
Enoxaparin 648 (1.9%) 936 (2.0%) 1,834 (3.8%) 2,061 (5.5%) <0.001
Routine invasive strategy 1,548 (3.8%) 43,44 (8.0%) 11,523 (20.7%) 19,997 (37.4%) <0.001
<1 day: early 939 (2.3%) 2,453 (4.5%) 6,176 (11.1%) 11,083 (20.7%)
>1 day: delayed 609 (1.5%) 1,891 (3.5%) 5347 (9.6%) 8914 (16.7%)
Selective invasive strategy 38,891 (96.2%) 50,202 (92.0%) 44,083 (79.2%) 33,421 (62.5%) <0.001
Revascularisation 1,137 (19.1%) 14,180 (26.0%) 20,734 (37.3%) 27,348 (51.2%) <0.001
Only coronary angiography 927 (2.3%) 2,708 (5.0%) 6,097 (11.0%) 7,345 (13.7%) <0.001
Final diagnosis, n (%) <0.001
NSTEMI 14,758 (36.5%) 22,021 (40.4%) 26,204 (47.1%) 27,620 (51.7%)
Unstable angina pectoris 25,688 (63.5%) 32,538 (59.6%) 29,446 (52.9%) 25,817 (48.3%)
Risk indicators, n (%)
FIR score — median (IQR) <0.001
Low risk (<5) 1,948 (40.8%) 2,525 (42.5%) 7,284 (41.2%) 13,547 (42.8%)
Intermediate risk (5-8) 1,785 (37.4%) 2,231 (37.7%) 6,767 (38.3%) 12,026 (38.0%)
High risk (>8) 1,045 (21.9%) 1,178 (19.8%) 3,618 (20.5%) 6,109 (19.3%)
ST-segment depression 8,500 (21.9%) 11,583 (22.2%) 12,534 (23.5%) 12,030 (23.0%) <0.001
Creatinine clearance <60 mL/min - - 9,606 (57.3%) 20,666 (50.7%) <0.001

ACE: angiotensin-converting enzyme; ARB: angiotensin Il receptor blocker; CABG: coronary artery bypass grafting; COPD: chronic obstructive pulmonary disease; FIR: FRISC Il — ICTUS — RITA-3;
LMWH: low-molecular-weight heparin; NSTEMI: non-ST-segment elevation myocardial infarction; PCI: percutaneous coronary intervention; PVD: peripheral vascular disease
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Table 2. Treatment strategies according to baseline risk.

Treatment strategies

FIR low risk

1996-1998
(n=1,948)

1999-2001
(n=2,525)

2002-2004
(n=7,284)

2005-2007
(n=13,541)

p-value for trend

Routine invasive strategy 187 (9.6%) 508 (20.1%) 2,242 (30.8%) 7,152 (52.8%) <0.001
<1 day: early 123 (6.3%) 291 (11.5%) 1,201 (16.5%) 4,009 (29.6%) -
>1 day: delayed 64 (3.3%) 217 (8.6%) 1,041 (14.3%) 3,143 (23.2%) -

Selective invasive strategy 1,761 (90.4%) 2,014 (79.8%) 5,037 (69.2%) 6,391 (47.2%) <0.001

Revascularisation 719 (36.9%) 1,230 (48.7%) 4,068 (55.8%) 9,276 (68.5%) <0.001

Only coronary angiography 95 (4.9%) 255 (10.1%) 1,089 (15.0%) 2,178 (16.1%) <0.001

FIR intermediate risk

Routine invasive strategy 109 (6.1%) 260 (11.6%) 1,240 (18.3%) 4,338 (36.1%) <0.001
<1 day: early 59 (3.3%) 132 (5.9%) 628 (9.3%) 2,400 (20.0%) =
>1 day: delayed 50 (2.8%) 128 (5.7%) 612 (9.0%) 1,938 (16.1%) -

Selective invasive strategy 1,676 (93.9%) 1,977 (88.4%) 5,524 (81.6%) 7,680 (63.9%) <0.001

Revascularisation 445 (24.9%) 708 (31.6%) 2,447 (36.2%) 6,141 (51.1%) <0.001

Only coronary angiography 73 (4.1%) 172 (7.7%) 792 (11.7%) 1,728 (14.4%) <0.001

FIR high risk

Routine invasive strategy 31 (3.0%) 145 (12.3%) 374 (10.3%) 1,379 (22.6%) <0.001
<1 day: early 16 (1.5%) 87 (7.4%) 162 (4.5%) 672 (11.0%) -
>1 day: delayed 15 (1.4%) 58 (4.9%) 212 (5.9%) 707 (11.6%) -

Selective invasive strategy 1,013 (96.9%) 1,033 (87.7%) 3,237 (89.5%) 4,729 (77.4%) <0.001

Revascularisation 170 (16.3%) 326 (27.7%) 914 (25.3%) 2,266 (37.1%) <0.001

Only coronary angiography 35 (3.3%) 101 (8.6%) 338 (9.3%) 809 (13.2%) <0.001

FIR without BMI low risk* (n=12,656) (n=17,362) (n=18,018)

Routine invasive strategy 712 (5.6%) 2,054 (12.1%) 5,426 (31.3%) 9,518 (52.8%)

Selective invasive strategy 11,942 (94.4%) 14,975 (87.9%) 11,919 (68.6%) 8,492 (47.1%)

FIR without BMI intermediate risk* (n=12,132) (n=16,684) (n=17,246) (n=17,052)

<0.001
Routine invasive strategy 409 (3.4%) 1,113 (6.7%) 3,289 (19.1%) 6,151 (36.1%)
Selective invasive strategy 11,721 (96.6%) 15,567 (93.3%) 13,946 (80.9%) 10,895 (63.9%)

FIR without BMI high risk* (n=12,544) (n=16,571) (n=17,159) (n=12,534)
<0.001
Routine invasive strategy 293 (2.3%) 804 (4.9%) 1,993 (11.6%) 3,594 (22.3%)
Selective invasive strategy 12,249 (97.6%) 15,765 (95.1%) 15,153 (88.3%) 12,534 (77.7%)
Age
Age <60 <0.001
Routine invasive strategy 482 (5.8%) 1,474 (13.0%) 3,654 (32.6%) 5472 (51.8%)
Selective invasive strategy 7,151 (94.1%) 9,869 (87.0%) 7,539 (67.3%) 5,086 (48.1%)
Age 60-70 <0.001
Routine invasive strategy 476 (5.1%) 1,204 (10.2%) 3,252 (26.5%) 6,120 (47.3%)
Selective invasive strategy 8,901 (94.9%) 10,568 (89.7%) 8,984 (73.3%) 6,807 (52.6%)
Age 70-80 <0.001
Routine invasive strategy 493 (3.5%) 1,294 (7.2%) 3,399 (20.0%) 5,616 (37.1%)
Selective invasive strategy 13,608 (96.5%) 16,773 (92.8%) 13,600 (79.9%) 9,506 (62.8%)
Age >80 <0.001
Routine invasive strategy 97 (1.1%) 372 (2.8%) 1,218 (8.0%) 2,789 (18.8%)
Selective invasive strategy 8,621 (98.9%) 12,990 (97.2%) 13,960 (92.0%) 12,022 (81.2%)

*For the FIR risk score without BMI, the low-risk group is defined as a score <3, the intermediate-risk group as 3 to 6, and the high-risk group as >7. BMI: body mass index;

FIR: FRISC Il — ICTUS — RITA-3
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Table 3. Three-year death in the total population and according to baseline risk.

1996-1998
(n=40,416)

Three-year death

1999-2001
(n=54,538)

2002-2004
(n=55,632)

2005-2007
(n=53,431)

Total population

Total population, n (%) 11,741 (29.1%) 15,318 (28.1%) 14,997 (27.0%) 12,563 (23.9%) <0.001
Routine invasive strategy 249 (16.1%) 633 (14.6%) 1,396 (12.1%) 2,391 (12.2%) <0.001
<1 day: early 167 (17.8%) 423 (17.3%) 884 (14.3%) 1,581 (14.6%) -
>1 day: delayed 82 (13.5%) 210 (11.1%) 512 (9.6%) 810 (9.3%) =
Selective invasive strategy 11,490 (29.6%) 14,681 (29.3%) 13,595 (30.9%) 10,170 (30.9%) <0.001
Revascularisation 594 (7.7%) 1,331 (9.4%) 2,108 (10.2%) 3,099 (11.3%) <0.001
Within routine invasive 179 (15.4%) 500 (14.5%) 1,002 (11.4%) 1,855 (11.9%) =
Within selective invasive 415 (6.3%) 829 (7.3%) 1,103 (9.2%) 1,243 (11.2%) =
No revascularisation 11,147 (34.1%) 13,987 (34.7%) 12,889 (36.9%) 9,464 (36.8%) <0.001
Only coronary angiography 144 (15.5%) 353 (13.0%) 833 (13.7%) 998 (13.9%) <0.001
FIR low risk =L,
Total population, n (%) 119 (6.1%) 144 (5.7%) 375 (5 1%) 690 (5.2%) 0.10
Routine invasive strategy 12 (6.4%) 35 (6.9%) 78 (3.5%) 298 (4.3%) 0.11
<1 day: early 8 (6.5%) 28 (9.6%) 46 (3.8%) 195 (5.0%) -
>1 day: delayed 4 (6.2%) 7 (3.2%) 32 (3.1%) 103 (3.4%) -
Selective invasive strategy 107 (6.1%) 109 (5.4%) 297 (5.9%) 392 (6.3%) 0.40
Revascularisation 20 (2.8%) 48 (3.9%) 136 (3.3%) 346 (3.8%) 0.18
No revascularisation 99 (8.1%) 96 (7.4%) 239 (7.4%) 344 (8.2%) 0.59
Only coronary angiography 6 (6.3%) 15 (5.9%) 45 (4.1%) 123 (5.8%) 0.50
FIR intermediate risk , (n=2,236) (n=6,767)
Total population, n (%) 426 (23.9%) 549 (24.6%) 1,652 (24.4%) 2,622 (22.3%) <0.01
Routine invasive strategy 24 (22.0%) 46 (17.8%) 176 (14.2%) 591 (14.1%) 0.02
<1 day: early 14 (23.7%) 30 (22.9%) 102 (17.2%) 402 (17.3%) =
>1 day: delayed 10 (20.0%) 16 (12.5%) 74 (12.1%) 189 (10.0%) =
Selective invasive strategy 402 (24.0%) 503 (25.4%) 1,475 (26.7%) 2,030 (26.9%) 0.02
Revascularisation 43 (9.7%) 93 (13.1%) 278 (11.4%) 787 (13.2%) 0.03
No revascularisation 383 (28.6%) 456 (29.8%) 1,374 (31.8%) 1,835 (31.7%) 0.02
Only coronary angiography 15 (20.5%) 17 (9.9%) 126 (15.9%) 230 (13.7%) 0.33
FIR high risk : (n=1,177) (n=3,616) (n=6,109)
Total population, n (%) 480 (45.9%) 445 (37.8%) 1,545 (42.7%) 2,447 (40.8%) 0.04
Routine invasive strategy 7 (22.6%) 45 (31.0%) 85 (22.7%) 352 (26.2%) 0.75
<1 day: early 5 (31.2%) 32 (36.8%) 40 (24.7%) 203 (30.8%) -
>1 day: delayed 2 (13.3%) 13 (22.4%) 45 (21.2%) 149 (21.8%) -
Selective invasive strategy 473 (46.7%) 400 (38.8%) 1,460 (45.1%) 2,094 (45.0%) 0.61
Revascularisation 32 (18.8%) 78 (24.0%) 191 (20.9%) 566 (25.7%) 0.02
No revascularisation 4438 (51.2%) 367 (43.1%) 1,354 (50.1%) 1,881 (49.7%) 0.50
Only coronary angiography 10 (28.6%) 26 (25.7%) 76 (22.5%) 224 (28.3%) 0.34

FIR : FRISC Il — ICTUS — RITA-3; MI : myocardial infarction

obvious in the low-risk and intermediate-risk groups undergo-
ing a routine invasive management. In patients in whom one
or more of the variables needed to calculate the score were
missing, the event rates were higher compared to patients with
a calculated score (21.5% versus 30.1% in the period 1996-
1998; 19.2% versus 29.2% in the period 1999-2001; 20.2% ver-
sus 30.1% in the period 2002-2004; 18.6% versus 31.6% in the
period 2005-2007).

Although patients who were revascularised during the initial
hospitalisation had numerically lower mortality than non-revas-
cularised patients, no reduction in mortality was observed in this
patient group over the course of 12 years.

Discussion
Several implications can be drawn from the current report,

describing the use of treatment strategies in a large NSTE-ACS
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population over a 12-year period in Sweden. First, there was
a gradual increase in the use of a routine invasive strategy. Second,
the routine invasive strategy was primarily utilised in patients at
low baseline risk, although a similar relative increase over the
12 years was observed in all risk groups. Third, three-year mortal-
ity was reduced over the course of 12 years.

PREVIOUS STUDIES

Fox et al described temporal changes in hospital management
and outcomes in ACS patients in the period 1999-2006, where
an increase in coronary angiography and subsequent revascu-
larisation was shown’. The increase in coronary angiography
and subsequent revascularisation from 2002 to 2005 has also
been shown in the CRUSADE quality improvement initiative'.
The current study corroborates these results and extends it with
information regarding the baseline risk profile of the patients.
A comparable result has been observed in the Canadian GRACE
population'!.

ROUTINE INVASIVE VERSUS SELECTIVE INVASIVE
MANAGEMENT

A recent patient-pooled meta-analysis has shown a long-term ben-
efit in terms of cardiovascular death and MI with a routine inva-
sive strategy®. One of the trials included in the meta-analysis, the
ICTUS trial, could not demonstrate a benefit of the routine inva-
sive strategy. However, in contrast to the other trials, the selec-
tive invasive strategy of ICTUS was characterised by a high rate
of coronary angiography and subsequent revascularisation proce-
dures'?. Despite the intended treatment strategy, patients revas-
cularised within the initial hospitalisation have lower event rates
than non-revascularised patients'%. In the current study, revascu-
larised patients had a lower three-year mortality compared with
non-revascularised patients. There was no trend to lower mortality
in revascularised patients. However, these results are difficult to
interpret because there are multiple factors that may causally inter-
fere. We hypothesise that there was an increase in the baseline risk
of revascularised patients over the years. Furthermore, changes
over time in the revascularisation procedure in terms of technique,
material, operator experience, and pharmacological treatment may

have influenced these results.

RISK STRATIFICATION

Current international guidelines emphasise the importance of
risk stratification in ACS. In the above-mentioned patient-pooled
FIR analysis, the largest benefit of the routine invasive strat-
egy was observed in high-risk patients®. In a report covering
the Australian and New Zealand population of GRACE, tempo-
ral changes in baseline patient risk and intensity of evidence-
based therapies were investigated'’. Invasive management of
the NSTE-ACS patients remained higher in patients at low to
intermediate risk, compared with high-risk patients. Although
the current report shows that the increase in the use of a rou-
tine invasive management and revascularisation was observed in

the total cohort, the increase was paradoxically absolutely great-
est in low-risk patients. There might be several explanations for
the treatment-risk discrepancy. First, higher age is an important
contributor to a high risk, and is also associated with multiple
comorbidities. Undertreatment of elderly patients might occur
because of overestimation of the procedural risk and an under-
estimation of the long-term benefits in elderly patients. A recent
analysis by the FIR collaboration has shown that the largest
benefit of the routine invasive strategy is observed in elderly
patients'®. This analysis also showed that age is the most impor-
tant driver of the FIR risk score. Therefore, we hypothesise that
the increase in low-risk patients can also be explained because
cardiologists tend to perform coronary angiography earlier in
younger patients. One has to keep in mind that this may also
be related to the fact that the gradient of baseline risk between
intervened and non-intervened elderly patients is greater than in
younger patients, in other words, the elderly intervened patients
are at potentially lower baseline risk.

Second, physicians may fail to recognise intermediate- to high-
risk patients adequately. Previous studies have shown a misper-
ception of the patients’ baseline risk by the treating physician'’.
The study by Lee et al showed that the primary reason for not
referring a patient for cardiac catheterisation was that the patient
was not considered high risk enough. However, according to the
Thrombolysis In Myocardial Infarction risk score, around 60% of
these patients were at intermediate to high risk. Finally, although
most of the available risk scores include multiple components,
many physicians rely on a few risk factors in their risk assess-
ment's. These risk factors frequently include cardiac biomarkers
and ST-segment deviation.

CLINICAL AND RESEARCH IMPLICATIONS
Two important implications arise from the current manuscript.
First, it emphasises the importance of adequate risk stratification
in clinical practice. Apparently, the group of patients with the high-
est rate of revascularisation is the group of low-risk patients. The
routine use of one of the established risk scoring systems might
assist in the triage of patients to different treatment strategies.
Second, while improvements in outcomes over time were
observed in patients undergoing a routine invasive management,
mortality rates seemed stable in the selective invasively managed
patients. The majority of the clinical trials within NSTE-ACS
focus on patients undergoing a routine invasive management,

while the selective invasive group is underrepresented.

PHARMACOLOGICAL TREATMENT

Besides differences in treatment strategies over time with regard
to coronary angiography, there have been developments in
pharmacological treatment. Over time, there was a significant
increase in guideline-recommended statins, platelet aggregation
inhibitors (P2Y,, and GP IIb/Illa inhibitors), and anticoagulants.
These improvements in pharmacological treatments are poten-
tially associated with the observed improvement in outcomes.



STRENGTHS AND LIMITATIONS

The strengths of the study are that it covers consecutive NSTE-ACS
patients admitted to unselected hospitals in the Swedish nationwide
registry over a time period spanning more than 12 years. The data
are prospectively collected, and the quality is validated by random
monitor checks.

Several limitations deserve mention. First, we defined the rou-
tine invasive and selective invasive treatment strategies in line with
the definitions used in current guidelines!. However, the intended
treatment strategy was not captured in the SWEDEHEART regis-
try. This could have caused a selection bias because of crossover
to either strategy from the intended strategy because of clinical
signs or symptoms. Because of potential crossover, the event rates
in the routine invasive group are not directly comparable to those
in the selective invasive group. However, the data are representa-
tive for the invasive management over 12 years with respect to the
patients’ baseline risk profile. Second, we were not able to calcu-
late the FIR risk score for all patients because of missing values.
However, even though this group with missing values was char-
acterised by higher event rates than complete cases, the increase
in the use of the routine invasive strategy was still lower than that
observed in the low-risk group. Finally, although the results are
adjusted for in-hospital revascularisation, there might be a residual
survival bias with catheterisation/revascularisation as a marker for

survival.

Conclusion

In conclusion, there has been an increase in the use of a rou-
tine invasive strategy in NSTE-ACS patients over the course of
12 years in Sweden. An absolute increase was mainly observed in
low-risk patients, while a similar relative increase was observed in
all risk groups. There was a decrease in long-term mortality over

the same time course.

Impact on daily practice

There has been an increase in the use of a routine invasive
strategy in NSTE-ACS patients over the course of 12 years in
Sweden. There was a decrease in three-year mortality over the
same time course. Paradoxically, the routine invasive strategy
was primarily utilised in patients at low baseline risk, empha-
sising the importance of implementation of guideline-recom-
mended risk stratification.
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