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Background The increased use of reperfusion therapy in ST-segment-elevation myocardial infarction (STEMI) patients in
the past decades is generally considered the main determinant of improved outcomes. The aim was to assess 20-year trends in
profile, management, and one-year outcomes in STEMI patients in relation with use or non-use of reperfusion therapy (primary
percutaneous coronary intervention (pPCI) or fibrinolysis).

Methods Weused data from5 one-month French nationwide registries, conducted 5 years apart from 2005 to 2015, including
8579 STEMI patients (67% with and 33% without reperfusion therapy) admitted to cardiac intensive care units in France.

Results Use of reperfusion therapy increased from 49% in 1995 to 82% in 2015, with a shift from fibrinolysis (37.5% to
6%) to pPCI (12% to 76%). Early use of evidence-based medications gradually increased over the period in both patients with
and without reperfusion therapy, although it remained lower at all times in those without reperfusion therapy. One-year
mortality decreased in patients with reperfusion therapy (from 11.9% in 1995 to 5.9% in 2010 and 2015, hazard ratio [HR]
adjusted on baseline profile 0.40; 95% CI: 0.29-0.54, P b .001) and in those without reperfusion therapy (from 25.0% to
18.2% in 2010 and 8.1% in 2015, HR: 0.33; 95% CI: 0.24-0.47, P b .001).

Conclusions In STEMI patients, one-year mortality continues to decline, both related to increased use of reperfusion
therapy and progress in overall patient management. In patients with reperfusion therapy, mortality has remained stable since
2010, while it has continued to decline in patients without reperfusion therapy. (Am Heart J 2019;214:97-106.)
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The early outcome of patients with ST-segment myocardial
infarction (STEMI) has considerably improvedover the last 20
years.1-7 This improvement has been attributed to changes in
patient populations, more frequent use of reperfusion
therapy (primary percutaneous coronary intervention
(pPCI) or fibrinolysis), and increased use of evidence-based
treatments.5-10 However, little information is available on
trends in STEMI patients treatedwithout reperfusion therapy.
The aim of the present study was to assess 20-year

trends in clinical presentation, management, and one-year
mortality in STEMI patients in relation with use of
reperfusion therapy in 5 sequential nationwide French
surveys conducted between 1995 and 2015.11-15

Methods
Patient population
Five nationwide French registries were conducted 5 years

apart over a 20-year period (1995-2015): USIK 1995, 11 USIC
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(Unité de Soins Intensifs Coronaires) 2000,12 FAST-MI
(French Registry of Acute ST-Elevation or non-ST-elevation
Myocardial Infarction) 2005 (NCT00673036),

13 FAST-MI
2010 (NCT01237418) , 1 4 and FAST -MI 2015
(NCT02566200)15 (eMethods 1). The methods used for
these registries have been detailed previously.11-15 Briefly,
their primary objectives were to evaluate the characteristics,
management, and outcomes of acute myocardial infarction
(AMI) patients, as seen in routine clinical practice, on a
country-wide scale.
All 5 registries consecutively included patientswith STEMI

or non-ST-segmentmyocardial infarction (NSTEMI) admitted
to cardiac intensive care units (ICU) within 48 hours of
symptom onset, during a specified one-month period
(November 1995 and 2000, October-December 2005,
2010, and 2015). AMI was defined by increased levels of
cardiac biomarkers (troponins, CK or CK-MB) together with
either compatible symptoms or ECG changes. Patients who
died soon after admission and for whom cardiac markers
were not measured were included if they had signs or
symptoms associated with typical ST-segment changes.
Exclusion criteria were (1) refusal to participate; (2)
iatrogenic MIs, defined as occurring within 48 hours of any
therapeutic procedure and (3) AMI diagnosis invalidated in
favor of another diagnosis. STEMI was diagnosed when ST
elevation≥1mmwas seen in at least two contiguous leads in
any location on the index or qualifying ECG, or when
presumed new left bundle branch block or documented
new Q waves were observed. In the absence of ST-segment
elevation, patients meeting the inclusion criteria were
considered to have NSTEMI.
Participation in the study was offered to all institutions,

including university teaching hospitals, general and regional
hospitals, and private clinics that received AMI emergencies.
Physicians were instructed that the study should not affect
clinical care or management. The study was conducted in
accordancewith the guidelines on good clinical practice and
French law. The study protocols for the 1995 and 2000
registrieswere reviewedby theCommittee for theProtection
of Human Subjects (CPP) in Biomedical Research of Nancy
University hospital; the 2005 registry was reviewed by the
CPP in Biomedical Research of Saint Antoine University
Hospital; the 2010 registry was reviewed and approved by
the CPP of Saint Louis University Hospital, Paris; and the
protocol of 2015 registry was reviewed and approved by the
CPP of Saint Louis University Hospital Paris Ile de France IV.
Data file collection and storage were approved by the
Commission Nationale Informatique et Liberté. All patients
were informed of the nature and aims of the surveys and
could request to be excluded; in addition, written consent
was obtained for the 2005, 2010, and 2015 surveys.

Data collection
Data on baseline characteristics, including demo-

graphics (age, sex, body mass index [BMI], risk factors
(hypertension, diabetes, current smoking, hypercholes-
terolemia, family history of coronary artery disease), and
medical history (MI, stroke, heart failure, peripheral
artery disease (PAD)), were collected as previously
described.11-15 Information on the use of cardiac
procedures, including use of PCI, use of medications
(anticoagulants, antiplatelet agents, diuretics, beta-
blockers, angiotensin-converting enzyme inhibitors
(ACE-I) or angiotensin receptor blockers (ARB), and
lipid lowering agents) in the first 48 hours (or first 5 days,
for the 1995 survey) and at-hospital discharge (except for
the 1995 survey) was collected. Several additional
variables such as previous PCI, coronary artery bypass
graft surgery (CABG), or chronic renal failure were also
collected in the most recent surveys.
Reperfusion therapy was defined as use of either

intravenous fibrinolysis (either pre-hospital or in-
hospital), or intended pPCI, i.e. coronary angiography
with an intent to perform PCI, within 24 hours of
symptom onset, in patients not having received intrave-
nous fibrinolytic therapy.
Information on mortality was obtained directly by the

local investigators for the 1995 and 2000 surveys. For the
2005, 2010, and 2015 surveys, follow-up was centralized
at the French Society of Cardiology.

Statistical analysis
For the present analysis, only patients presenting with

STEMI were considered.
Continuous variables are reported as means with

standard deviations (SD) or medians and interquartile
ranges (IQR), when appropriate. Discrete variables are
described as counts and percentages. Groups were
compared by analysis of variance for continuous variables
and χ2 or Fisher exact tests for discrete variables.
Temporal trends were tested using linear-by-linear
association tests for binary and Jonckheere-Terpstra
tests for continuous variables. Odds ratios (OR) and
Hazard ratios (HR) are presented with their 95% CIs.
To determine independent predictors of reperfusion

therapy, binary logistic regression analyses were used,
using the same covariables as those listed below.
Multivariable analyses of correlates of one-year mortality
were performed using Cox backward stepwise multiple
logistic regression, using a threshold of 0.10 for variable
elimination. Beside time period, variables included in the
final models were selected ad hoc, based on their
physiological relevance and potential to be associated
with outcomes; they comprised age, gender, risk factors,
comorbidity, anterior location of MI, type of institution,
and region.
To assess the relationship between early management

and one-year survival, further analyses also used pPCI or
fibrinolysis, type of anticoagulants used, and use of
antiplatelet agents, beta-blockers, statins and ACE-
inhibitors or ARB during the first 2 days (5 days for the
1995 survey) as covariables; sensitivity analyses were



Figure 1

Reperfusion treatment in ST-segment-elevation myocardial infarction (STEMI) patients by year of survey. PPCI, Primary percutaneous coronary
intervention.
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performed in 3-day survivors to avoid healthy survivor
bias. We applied an appropriateness algorithm for
treatments, based upon the recent European guidelines
(antiplatelet agents and statins for all, beta-blockers and
ACE- inhibitors or ARB when indicated; eMethods2).16

Analyses were repeated using forward stepwise analy-
sis to check the consistency of the results. Collinearity
was tested by calculation of variance inflation factors.
Statistical analyses were performed using IBM SPSS 25.0
(IBM SPSS Inc). For all analyses, 2-sided P values b.05
were considered significant.
Results
Study population
Among the 8579 STEMI patients enrolled in the 5

surveys, the use of any reperfusion therapy (pPCI or
fibrinolysis) increased consistently over the 20-year
period (P b .001; Figure 1). Patient with reperfusion
therapy were younger, and had a lower cardiovascular
risk profile, both in terms of risk factors and history of
cardiovascular disease (Tables 1, 2). Women received less
reperfusion therapy compared to men for each survey
(P b .001; eTable 1). Finally, current smoking was more
frequent in patients with reperfusion therapy.

Initial pathways and early management
In patients with reperfusion therapy, median time from

symptom onset to hospital admission decreased from 180
(IQR: 120; 300) minutes to 140 (IQR: 90; 252) minutes,
while, in patients without reperfusion therapy, it decreased
from 1995 to 2010 and increased between 2010 and 2015.
The use of mobile intensive care units was higher in patients
with reperfusion therapy but increased in both groups
(Tables 3, 4). Use of reperfusion therapy consistently
increased over time, from 49% to 82% (adjusted HR 2015
vs 1995: 4.39, 3.73-5.18, P b .001), with more frequent use
of pPCI (12%-77%) and less frequent use of fibrinolysis
(37.5%-6%) (Figure 1). Use of coronary angiography (CAG) at
any time during the index admission increased, to reach
100% in 2015 in patients with reperfusion therapy and 92%
in those without reperfusion therapy; in-hospital PCI
increased from 36% to 94%, and 4% to 73%, respectively
(P b .001). Use of evidence-based treatments (antiplatelet
agents, statins, and when appropriate beta-blockers and
ACE-I or ARB) during the first 48 hours from admission
increased gradually in all patients; among P2Y12 inhibitors,
there was a shift from clopidogrel to prasugrel (available in
France since 2009) and ticagrelor (available in France since
2014) in the most recent surveys including in patients
without reperfusion therapy; unfractionated heparin
(UFH) decreased, and low molecular weight heparins
(LMWH) or news anticoagulants (bivalirudin, fondapari-
nux) increased. Overall, the early use of full evidence-based
treatments during the first 48 hours increased from 9% in
1995 to 64% in 2015 in patients with reperfusion therapy
and from 5% to 52.0% in thosewithout reperfusion therapy
(P b .001). At hospital discharge, the proportion of
patients receiving evidence-based treatments consistently
increased up to 2010 in patients with reperfusion therapy
and remained stable thereafter, while in those without
reperfusion therapy recommendedmedications continued
to increase in the most recent survey.

Early outcomes according to use of reperfusion therapy
In-hospital complications, such as ventricular fibrilla-

tion, atrial fibrillation, or new atrio-ventricular block,
recurrent MI, stroke, reported major bleeding, were
higher in patients without reperfusion therapy, but
decreased gradually in both groups (e-Tables 2 and 3).



Table 1. Baseline characteristics of patients with ST-elevation myocardial infarction treated with reperfusion therapy from 1995 to 2015

USIK 1995a
(n = 759)

USIC 2000a
(n = 974)

FAST-MI 2005
(n = 1116)

FAST-MI 2010
(n = 1385)

FAST-MI 2015
(n = 1533)

P
for trend

Demography
Age 61.6 ± 12.6 60.9 ± 13.7 61.2 ± 13.7 61.9 ± 14.0 62.7 ± 13.7 .014
Female, n (%) 142 (19) 217 (22) 277 (25) 318 (23) 361 (23.5) .035
BMI 26.1 ± 3.8

(n = 725)
26.5 ± 4.1
(n = 891)

27.0 ± 4.3
(n = 952)

26.8 ± 4.4
(n = 1267)

26.7 ± 4.4
(n = 1303)

.002

Risk factors, n (%)
Hypertension 289 (38) 365 (37.5) 490 (44) 613 (44) 655 (43) .002
Hypercholesterolemia 284 (38) 396 (41) 493 (44) 536 (39) 565 (37) .17
Diabetes mellitus 110 (15) 162 (17) 180 (16) 206 (15) 230 (15) .64
Current smoking 308 (41) 407 (42) 474 (42.5) 616 (44.5) 664 (43) .11
Obesity (BMI ≥30) 114 (16) (n = 725) 157 (18) (n = 891) 204 (20) (n = 1022) 273 (21) (n = 1318) 280 (19) (n = 1467) .031
Cardiovascular history and comorbidities, n (%)
Myocardial Infarction 85 (11) 129 (13) 114 (10) 134 (10) 186 (12) .69
PCI - 88 (9) 95 (8.5) 136 (10) 191 (12.5) .001
CABG - 22 (2) 24 (2) 77 (6) 22 (1) .90
Stroke or TIA 25 (3) 29 (3) 41 (4) 40 (3) 55 (4) .23
Heart failure 22 (3) 18 (2) 22 (2) 26 (2) 35 (2) .60
PAD 55 (7) 49 (5) 48 (4) 58 (4) 62 (4) .002
CKD - 16 (2) 23 (2) 21 (1.5) 37 (2) .28
Medications before, n (%)
Antiplatelet therapy - 188 (20) 210 (19) 243 (17.5) 397 (26) b.001
Statin - 169 (17) 236 (21) 292 (21) 328 (21) .032
Beta-blocking agent - 174 (18) 183 (16) 245 (18) 278 (18) .59
ACE-I or ARB - 150 (15) 229 (20.5) 371 (27) 349 (23) b.001

Data are presented as n (%) or mean ± SD.
ACE-I, Angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery bypass graft surgery; CAG, coronary
angiography; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; TIA, transient ischemic attack.

Table 2. Baseline characteristics of patients with ST-elevation myocardial infarction treated without reperfusion therapy from 1995 to 2015

USIK 1995a

(n = 777)
USIC 2000a

(n = 870)
FAST-MI 2005

(n = 495)
FAST-MI 2010

(n = 331)
FAST-MI 2015

(n = 339)
P

for trend

Demography
Age 70.8 ± 13.8 68.6 ± 14.5 70.3 ± 14.9 69.0 ± 15.3 66.7 ± 15.0 .002
Female, n (%) 289 (37) 282 (32) 181 (37) 105 (32) 108 (32) .11
BMI 25.7 ± 4.0

(n = 729)
26.0 ± 4.1
(n = 763)

26.8 ± 5.2
(n = 488)

26.4 ± 4.7
(n = 348)

26.8 ± 4.8
(n = 483)

b.001

Risk factors, n (%)
Hypertension 384 (50) 439 (50.5) 302 (61) 193 (58) 180 (53) .004
Hypercholesterolemia 250 (33) 323 (38) 206 (42) 139 (42) 113 (33) .07
Diabetes mellitus 132 (17) 202 (23) 122 (25) 77 (23) 78 (23) .010
Current smoking 183 (24) 244 (28) 126 (25.5) 85 (26) 125 (37) .001
Obesity (BMI ≥30) 94 (13) 112 (15) 95 (23) 51 (17) 69 (22) b.001
Cardiovascular history and comorbidities, n (%)
Myocardial Infarction 140 (18) 147 (17) 66 (13) 53 (16) 45 (13) .027
PCI - 51 (6) 45 (9) 39 (12) 45 (13) b.001
CABG - 28 (3) 10 (2) 19 (6) 10 (3) .48
Stroke or TIA 71 (9) 49 (6) 50 (10) 28 (8.5) 21 (6) .57
Heart failure 76 (10) 66 (8) 34 (7) 15 (4.5) 19 (6) .001
PAD 93 (12) 96 (11) 37 (7.5) 25 (8) 22 (6.5) b.001
CKD - 50 (6) 27 (5.5) 21 (6) 24 (7) .37
Medications before, n (%)
Antiplatelet therapy - 201 (23) 126 (25.5) 92 (28) 93 (27) .055
Statin - 135 (15.5) 106 (21) 82 (25) 70 (21) .003
Beta-blocking agent - 164 (19) 113 (23) 68 (20.5) 63 (19) .92
ACE-I or ARB - 199 (23) 166 (33.5) 107 (32) 90 (26.5) .028

Data are presented as n (%) or mean ± SD.
ACE-I, angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery bypass graft surgery; CAG, coronary
angiography; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; TIA, transient ischemic attack.
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Table 3. Early hospital management of patients with ST-elevation myocardial infarction treated with reperfusion therapy from 1995 to 2015a

USIK
1995a

(n = 759)

USIC
2000a

(n = 974)

FAST-MI
2005

(n = 1116)

FAST-MI
2010

(n = 1385)

FAST-MI
2015

(n = 1533)
P

for trend

Initial pathway and simple risk index, n (%)
Mobile ICU - 304 (31) 554 (50) 750 (54) 866 (56.5) b.001

Simple risk index (SRI) - 20.9 [13.9; 30.1]
(n = 964)

20.3 [14.3; 28.8]
(n = 1112)

19.3 [13.4; 28.3]
(n = 1370)

21.3 [15.7; 30.0]
(n = 1412) .025

Time delaysb, median [IQR]

Onset to first call/medical contact -
75

[30; 166]
(n = 833)

60
[30; 172]
(n = 1113)

60
[25; 180]
(n = 1357)

65
[30; 200]
(n = 1533)

.31

Onset to admission
180

[120; 300]
(n = 742)

205
[140; 330]
(n = 948)

175
[112; 285]
(n = 1116)

156
[105;290]
(n = 1377)

140
[90;252]
(n = 1533)

b.001

Onset to first call/medical contact -
75

[30; 166]
(n = 833)

60
[30; 165]
(n = 1035)

60
[28; 180]
(n = 1305)

60
[27; 165]
(n = 1364)

b.001

Onset to admission
180

[120; 300]
(n = 742)

205
[140; 330]
(n = 948)

175
[112; 285]
(n = 1116)

156
[105;290]
(n = 1377)

147
[92;270]
(n = 1533)

b.001

Procedures during hospitalization, n (%)
CAG - 882 (91) 1100 (99) 1383 (100) 1533 (100) b.001
PCI 270 (36) 758 (78) 964 (86) 1301 (94) 1436 (94) b.001
Medications in first 48 hoursc, n (%)
Antiplatelet therapy 733 (97) 948 (97) 1076 (96) 1356 (98) 1529 (100) b.001
Clopidogrel - - 1025 (92) 1170 (84.5) 383 (25) b.001
Prasugrel - - - 523 (38) 415 (27) b.001
Ticagrelor - - - - 924 (60) -
P2Y12 inhibitor - - 1033 (93) 1370 (99) 1493 (97) b.001
GPIIb/IIIa inhibitors 0 252 (26) 492 (44) 651 (47) 402 (26) b.001
Oral anticoagulant - 2 (0.2) 3 (0.3) 20 (1) 62 (4) b.001
UFH 736 (97) 831 (85) 802 (72) 630 (45.5) 862 (56) b.001
LMWH 0 239 (24.5) 679 (61) 863 (62) 950 (62) b.001
Fondaparinux 0 0 0 182 (13) 284 (18.5) b.001
Bivalirudin 0 0 0 71 (5) 108 (7) .031
Statin 96 (13) 502 (51.5) 921 (82.5) 1277 (92) 1317 (86) b.001
β-Blocking agents 592 (78) 775 (80) 855 (77) 1134 (82) 1183 (77) .98
ACE-I or ARB 376 (49.5) 403 (41) 599 (54) 913 (66) 1008 (66) b.001
Diuretics 198 (26) 189 (19) 238 (21) 300 (22) 347 (23) .59
Appropriate recommended therapy 71 (9) 326 (33.5) 594 (53) 942 (68) 969 (64) b.001
Medications at discharge, n (%)

Appropriate recommended therapy 71 (9)
(n = 759)

458 (47)
(n = 974)

716 (64)
(n = 1116)

1084 (78)
(n = 1384)

1141 (78)
(n = 1470) b.001

Data are presented as n (%) or mean ± SD.
ACE-I, Angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; CAG, coronary angiography; GP, glycoprotein; ICU, intensive care unit; LMWH, low molecular
weight heparin; PCI, percutaneous coronary intervention; UFH, unfractionated heparin.
a For 1995 and 2000, blank cells indicate data not available.
bMinutes; median [25th; 75th percentiles].
c For 1995, medications used at any time during the first 5 days.
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One-month mortality decreased in patients with reperfu-
sion therapy from 8.3% in 1995 to 3.1% in 2010 and 2015,
(HR 2015 vs 1995: 0.47; 95% CI 0.35-0.63, P b .001) and in
those without reperfusion therapy from 18.9% in 1995 to
4.7% in 2015, HR 0.31, 0.21-0.45, P b .001) (Figure 2).

One-year mortality according to use of reperfusion
therapy
One-year mortality in patients with reperfusion therapy

decreased from 11.9% to 6.2% in 2010 and 5.9% in 2015,
with HRs of 0.50 (95% CI 0.37-0.67) and 0.47 (0.35-0.63),
respectively (Figure 3). The hazard ratios adjusted on
baseline characteristics, time from onset, and location of
infarct were 0.42 (0.31-0.56) and 0.40 (0.29-0.54)
respectively for 2010 and 2015 versus 1995. After further
adjustment on early management during the first 48 hours
following admission, the difference was no longer
significant with HRs remaining similar for 2010 and
2015: HR 0.95 (0.68-1.34) and 0.96 (0.67-1.36), respec-
tively. The results were essentially unchanged in the
sensitivity analysis censoring patients who died during
the first 2 days following admission.



Table 4. Early hospital management of patients with ST-elevation myocardial infarction treated without reperfusion therapy from 1995 to 2015

USIK
1995a

(n = 777)

USIC
2000a

(n = 870)

FAST-MI
2005

(n = 495)

FAST-MI
2010

(n = 331)

FAST-MI
2015

(n = 339)
P

for trend

Initial pathway and simple risk index
Mobile ICU, n (%) - 123 (14) 112 (23) 87 (26) 87 (26) b.001

Simple risk index (SRI) -
26.8

[18.4; 39.0]
(n = 854)

28.7
[19.1; 42.9]
(n = 490)

26.3
[18.2; 40.1]
(n = 318)

24.7
[16.7; 35.2]
(n = 318)

.130

Time delaysb, median [IQR]

Onset to first call/medical contact -
270

[68; 745]
(n = 653)

266
[60; 1020]
(n = 487)

240
[60; 810]
(n = 317)

780
[120; 1620]
(n = 339)

b.001

Onset to admission
420

[210; 855]
(n = 685)

420
[180; 795]
(n = 758)

432
[173; 1341]
(n = 494)

405
[140; 1115]
(n = 321)

835
[174; 1667]
(n = 339)

b.001

Procedures
Coronary angiography - 607 (70) 349 (70.5) 269 (81) 313 (92) b.001
PCI during hospital stay 30 (4) 374 (43) 257 (52) 187 (56.5) 246 (73) b.001
Medications in first 48 hoursc, n (%)
Antiplatelet therapy 686 (88) 811 (93) 468 (94.5) 316 (95.5) 335 (99) b.001
Clopidogrel - - 390 (79) 289 (87) 127 (37) b.001
Prasugrel - - - 48 (14.5) 42 (12) .42
Ticagrelor - - - - 178 (42.5) -
P2Y12 inhibitor - - 392 (79) 312 (94) 316 (93) b.001
GPIIb/IIIa inhibitors 0 99 (11) 122 (25) 81 (24.5) 39 (11.5) b.001
UFH 745 (96) 632 (73) 272 (55) 138 (42) 160 (47) b.001
LMWH 0 267 (31) 307 (62) 206 (62) 196 (58) b.001
Fondaparinux - - - 50 (15) 68 (20) .09
Bivalirudin - - - 5 (1.5) 13 (4) .06
Statin 55 (7) 340 (39) 341 (69) 266 (80) 259 (76) b.001
Beta-blocking agents 409 (53) 573 (66) 307 (62) 250 (75.5) 238 (70) b.001
ACE-I or ARB 357 (46) 361 (41.5) 254 (51) 199 (60) 193 (57) b.001
Diuretics 334 (43) 258 (30) 179 (36) 111 (33.5) 111 (33) .006
Appropriate recommended therapy 38 (5) 180 (21) 169 (34) 173 (52) 176 (52) b.001
Medications at discharge, n (%)
Appropriate recommended therapy 38 (5) (n = 777) 265 (30.5) (n = 870) 214 (43) (n = 495) 192 (58) (n = 331) 233 (71.5) (n = 326) b.001

Data are presented as n (%) or mean ± SD.
ACE-I, Angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; CAG, coronary angiography; GP, glycoprotein; ICU, intensive care unit; LMWH, low molecular
weight heparin; PCI, percutaneous coronary intervention; UFH, unfractionated heparin.
a For 1995 and 2000, blank cells indicate data not available.
bMinutes; median [25th; 75th percentiles].
c For 1995, medications used at any time during the first 5 days.
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In those without reperfusion therapy, mortality de-
creased from 25.0% to 18.7% in 2010 and 8.8% in 2015;
HRs for one-year death in reference to 1995 consistently
decreased over time, to 0.68 (0.51-0.90) in 2010 and 0.33
(0.24-0.47) in 2015 (eTable 4). After adjustment on
baseline characteristics, time from onset and location of
infarct, the respective HRs for 2010 and 2015 versus 1995
were 0.68 (95% CI 0.52-0.90) and 0.33 (95% CI 0.44-0.92).
After further adjustment on early management including
use of recommended medications and use of PCI within 2
days of admission, there was no significant difference for
one-year mortality in 2010 compared with 1995 (HR 1.24,
95% CI 0.91-1.69), while it was significantly lower in 2015
(HR 0.63, 95% CI 0.44-0.92). In the sensitivity analysis
censoring patients who died within 2 days of admission,
however, no significant difference between 2015 and
1995 was observed when using the multivariable model
including early management (HR 1.16, 95% CI 0.68-1.99).
An additional analysis was performed in patients

receiving all recommended medications within 48
hours from admission: there was no significant associa-
tion between one-year mortality and survey year, both for
patients with (HR 2015 vs 1995: 1.10, 95% CI 0.14-8.84)
and those without reperfusion therapy (HR 1.50; 95% CI
0.35-6.28).

Trends in early versus late mortality
In patients with reperfusion therapy, using a time-

dependent analysis, most of the improvement in mortality
from 1995 to 2015 was observed at 30 days (HR 0.35, 95%
CI 0.24-0.52), compared to the period from 1 month to 1
year (HR 0.75, 95% CI 0.46-1.21). After adjustment on



Figure 2

Thirty-day mortality according to use of reperfusion therapy.

Figure 3

One-year mortality in ST-segment-elevation myocardial infarction (STEMI) population according to use of reperfusion therapy between 1995 and
2015.
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baseline characteristics, mortality at 1 month was
significantly lower in 2015 vs 1995 (HR 0.33, 95% CI
0.22-0.48), with a consistent trend for mortality from 1
month to 1 year (HR 0.63, 95% CI 0.39-1.03). After further
adjustment on early management, neither 30-day mortal-
ity (HR 0.78, 95% CI 0.51-1.20), nor mortality from 1
month to 1 year (HR 1.52, 95% CI 0.91-2.55) differed
significantly from 1995.
In patients without reperfusion therapy, in the time-

dependent analysis, most of the mortality gain from 2015
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to 1995 was also observed at 1 month (HR 0.23, 95% CI
0.13-0.38), while the HR for one-month to one-year
mortality was 0.55, 95% CI 0.30-1.00. Mortality adjusted
on baseline characteristics was significantly lower at 1
month (HR 0.19, 95% CI 0.10-0.37), with a consistent
trend for mortality from 1 month to 1 year (HR 0.57, 95%
CI 0.30-1.08). After further adjustment on early manage-
ment, one-month mortality in 2015 remained significantly
lower in 2015 than in 1995 (HR 0.48, 95% CI 0.23-0.97),
and there was no significant difference for mortality from
1 month to 1 year (HR 1.49, 95% CI 0.76-2.92). In the
sensitivity analysis censoring patients dying within 48
hours of admission, neither one-month nor one-month to
one-year mortality differed significantly from 1995 (HR
for one-month death: 0.57, 95% CI 0.26-1.28; HR for one-
month to one-year death: 1.46, 95% CI 0.74-2.87).
Discussion
In patients with STEMI, the use of reperfusion therapy

has increased by more than 50% over the past 20 years. At
the same time, the profile of patients has changed, with
opposite trends in those with or without reperfusion
therapy: patients with reperfusion therapy at the end of
2015 were 1 year older and with shorter times from
symptom onset to admission, while patients without
reperfusion therapy were younger, and with longer times
to admission, compared to 1995. Evidence-based treat-
ments at the acute stage and at discharge have become
extensively used in all STEMI patients, although slightly
less in patients without reperfusion therapy. In STEMI
patients with reperfusion therapy, one-year mortality has
declined until 2010, reaching a plateau afterwards. In
contrast, in those without reperfusion therapy, mortality
has continued to decrease. Most of the decline in
mortality, both for patients with and those without
reperfusion therapy, is likely attributable to improved
early management, including performance of secondary
PCI in patients who had not received reperfusion therapy
at the acute stage.
The decline in mortality in patients with STEMI over the

last 20 years reported in several registries and large
administrative databases has been attributed mainly to
improved use of reperfusion therapy and recommended
medications.1-10 In the present study, use of reperfusion
therapy increased over time, with a shift from fibrinolysis
to pPCI. Little progress, however, has been observed
from 2010 to 2015 (+1.9%). In the SWEDEHEART registry,
similar trends have been reported from 1995 to 2014:7

use of reperfusion therapy increased from 66.2% to
81.7%, with a shift from fibrinolysis to pPCI and only a
small increase in the percentage of patients receiving
reperfusion therapy from 2009 to 2014 (+3%).
Beside the increased use of primary PCI and reperfu-

sion therapy, changes in early recommended medications
were considerable from 1995 until 2010. After 2010,
however, a decrease in use of recommendedmedications at
the acute stage was observed in patients with reperfusion
therapy, while it continued to increase, albeit slightly, in
patients without reperfusion treatment. In the
SWEDEHEART registry, the use of recommended medica-
tions also increased markedly until 2006, with only small
changes afterwards; the differential prescription of recom-
mendedmedications in patientswith orwithout reperfusion
therapy, however, was not reported.7

Both short-term and long-termmortality have been shown
to decrease over the past decades in several,8-10 but not all
countries.17-19 Beside an increasing use of reperfusion
therapy, improvements in care, such as improved network
organization or changes in patient risk profile are also likely
to contribute to improved survival. 5-10,20,21 Of note, at least
in some countries, mortality did not decrease further in the
most recent years.7,22 None of the previous reports,
however, analyzed in detail trends in presentation and
outcomes according to whether or not patients underwent
reperfusion therapy.
In the present analysis, patients getting reperfusion

therapy tended to have a poorer initial profile over time
(using the simple risk index, P for trend = 0.025), while
no significant trend was observed in those without
reperfusion therapy (simple risk index P for trend =
0.130), whose age decreased over time. In patients
without reperfusion therapy, median times from onset to
first call and onset to admission were longer in the 2015
survey, suggesting that the main determinant of lack of
reperfusion therapy in the most recent survey may have
been delayed presentation. Mortality has continued to
decline for the whole study period in STEMI patients
without reperfusion therapy, while it has reached a
plateau since 2010 in those with reperfusion therapy.
This improvement persisted after adjustment on the
patients' baseline characteristics. When adjusted on early
management, 30-day mortality continued to decrease
throughout the study period for those without reperfu-
sion treatment, while no change was observed in those
with reperfusion therapy. From 1 month to 1 year, there
was a trend for improved survival in both patients with or
without reperfusion therapy after adjustment on baseline
characteristics; for both populations, however, this trend no
longer existed when early management was taken into
account, suggesting that the advances in terms of one-year
survivalweremainly related to improvedmanagement in the
early phase. The importance of using appropriate medical
therapy at the early stage was further confirmed by the
analysis limited to those patients who did received
appropriate medical treatment, in whom survey year was
not related to one-year outcome, neither for those with nor
those without reperfusion therapy. Concordant with the
current findings, the SWEDEHEART registry found that both
early and one-year mortality decrease over time was no
longer significant when adjusted on early management
(reperfusion therapy and medications).7
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When analyzing the decrease in mortality by type of
reperfusion therapy (e-Figure 1), 30-day mortality
remained stable in patients treated with primary PCI
(3.3% in 2010 and 3.2% in 2015) and increased slightly
from 2010 (2.1%) to 2015 (2.6%) in patients treated with
fibrinolytic therapy. Overall, the pattern observed ac-
cording to use and type of reperfusion therapy shows that
the decrease in mortality over the past 20 years cannot be
attributed solely to the increasing use of primary PCI and
that considerable progress has also been made in patients
not receiving reperfusion therapy.

Limitations
Our studyprovides a detailed descriptionof theprofile and

outcomes of STEMI patients in relation with the use of
reperfusion therapy, rarely available from real-world data. It
suffers, however, the same limitations as all observational
studies. Comparisons between patients with reperfusion
therapy and those without reperfusion therapy were
obviously not randomized and, despite careful adjustments
on a large number of potentially confounding variables, the
results can only be considered indicative. Further observa-
tions will show whether the trends observed up to 2015
remain the same in the coming years. Patients who died
before reaching the hospital, such as patients with out-of-
hospital cardiac arrest, were not included; the mortality
figures reported here are therefore likely to minimize the
true mortality figures of MI on a population basis. Finally,
comprehensive data on time delays were not available in all
surveys; for instance, time from symptom onset to first call
was not available in the 1995 survey.We therefore could not
adjust for such variables in the overall analysis.

Conclusions
In STEMI patients, one-year mortality has considerably

declined from 1995 to 2015, both related to increased use of
reperfusion therapy but also to progress in overall patient
management, as evidenced by the continuous decrease in
mortality also found in patientswithout reperfusion therapy.
In patientswith reperfusion therapy,mortality has reached a
plateau since 2010, while it has continued to decline in
patients without reperfusion therapy. Our study suggests
that the margin for improvement should be focused on
shortening time delays between symptomonset and first call
(e.g. public media information on optimal behavior of the
population in case of prolonged chest pain), in order to
decrease the percentage of patients without reperfusion,
and also by improved use of recommended medications in
those who still do not undergo reperfusion therapy.
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