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ABSTRACT

Objective We aimed to describe current characteristics
of patients admitted for acute coronary syndrome (ACS)
in Western Europe and to analyse whether international
in-hospital mortality variations are explained by
differences in patients’ baseline characteristics and in
clinical management.

Methods We studied a population-based longitudinal
cohort conducted in Finland, France, Germany, Greece,
Portugal and Spain, and comprising 12 231 consecutive
ACS patients admitted in 53 hospitals between 2008
and 2010. Baseline characteristics, clinical management
and inhospital outcomes were recorded. Contextual
effect of country on death was analysed through
multilevel analysis.

Results Of all patients included, 8221 (67.2%) had
NSTEMI (non-ST-elevation myocardial infarction), and
4010 (32.8%) had STEMI (ST-elevation myocardial
infarction). Inhospital mortality ranged from 15.1% to
4.9% for German and Spanish STEMI patients, and from
6.8% to 1.9% for Finnish and French NSTEMI patients
(p<0.001 for both). These international variations were
explained by differences in patients’ baseline
characteristics (older patients more likely to have
cardiogenic shock in Germany) and in dlinical
management, with differences in rates of thrombolysis
(less performed in Germany) and primary percutaneous
coronary intervention (high in Germany, low in Greece).
A remaining contextual effect of country was identified
after extensive adjustment.

Conclusions Inhospital mortality rates of STEMI and
NSTEMI patients were two to three times higher in
Finland, Germany and Portugal than in Greece and
Spain, with intermediate values for France. Differences in
baseline characteristics and clinical management partly
explain differences in outcome. Our data also suggest an
impact of the healthcare system organisation.

INTRODUCTION

During the past three decades, studies have high-
lighted differences in acute coronary syndrome
(ACS) morbidity and mortality between countries
throughout the world.! Differences were identified
between industrialised and developing countries,”
but a north-to-south decreasing gradient of ACS

morbidity and mortality was also identified within
Western European countries.! * Outcome variation
was mainly explained by differences in ACS sever-
ity,¥ 5 therapeutic management,’ 7 and national
socioeconomic characteristics.® To reduce these var-
iations, American and European cardiological asso-
ciations have published international guidelines on
ACS management strategies.” ' Nevertheless, there
is no recent international study reporting their
effect on national differences in ACS morbidity and
mortality.

We carried out a substudy in the EURHOBOP
(European Hospital Benchmarking by Outcomes in
ACS Processes) project. The objective was to deter-
mine whether the north-to-south mortality gradient
was maintained in Western Europe. If international
variations in mortality were found, we aimed to
identify the determinants explaining these differ-
ences in risk of death. We especially examined the
impact on mortality of ACS patients’ clinical pro-
files, management strategies and socioeconomic
characteristics in the countries included.

METHODS

The analysis was performed within the
EURHOBOP study. EURHOBORP is a collaborative
study aimed at benchmarking ACS management in
Western European hospitals through inhospital mor-
tality. It was conducted between 2008 and 2010 in
seven countries (Finland, France, Greece, Germany,
Italy, Portugal and Spain). In each country, 8-10
centres representative of the distribution of univer-
sity, regional and private hospitals within the coun-
try’s healthcare system were selected. Each
institution included about 200 consecutive patients
with discharge diagnosis of myocardial infarction
(MI) or unstable angina (UA) (defined according to
the International Classification of Diseases), treated
in the last 3 years. This included ACS patients trans-
ferred from a primary care centre to a participating
hospital.

Data collection

Demographic, risk factor management and severity
characteristics were collected (see detailed
description of variable collection and definitions at
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(http:/www.eurhobop.eu/files/DL%202%20Protocols%20and%
20forms%20preparation.pdf), pp. 22-38). The clinical diagno-
sis was obtained from the medical records, and case report
forms were completed by a certified data extractor in each par-
ticipating centre. To ensure quality of data collection, all investi-
gators took part in collective training sessions. For each case,
the investigators collected clinical, biological and electrocardio-
graphic data from the medical records. Characteristics of each
participant institution and invasive examinations performed
during the same hospitalisation were also recorded. When
necessary, multiple sources were cross-checked to ensure com-
pleteness of the information (review of discharge letters, compu-
terised lists covering the hospital discharge diagnosis, laboratory
computerised files and emergency department computer lists
and death certificates).

The type of ACS was defined according to ECG findings at
admission in agreement with current European guidelines; ACS
patients with UA or unclassifiable ECG abnormalities were ana-
lysed as non-ST-elevation myocardial infarction (NSTEMI).
LVEF was reported when available in medical records. As
regards inhospital outcomes, acute pulmonary oedema, cardio-
genic shock, reinfarction and death data were collected.
Reinfarction was defined as recurrence of chest pain associated
with suggestive ECG and re-elevation of troponins. Finally, to
complete EURHOBOP data and to take into account the impact
of socioeconomic inequalities between countries, we collected
the gross domestic product and income Gini coefficient of each
country in 2009.'3 14

The income Gini coefficient is used to measure the inequality
of income levels among a nation’s residents. A Gini coefficient
of zero expresses perfect equality, whereas a value of 1 expresses
maximal inequality.

Statistical analysis

All analyses were performed using STATA V.11.2 (STATA,
College Station, Texas, USA). ACS patients’ clinical profiles were
summarised for each country as mean and SD for continuous
variables and as a proportion for categorical variables. In the
same way, the characteristics of the participating institutions,
clinical practice and inhospital outcomes were evaluated in each
country. One country was then removed from analysis because
more than three baseline variables required for multivariate ana-
lyses were not available, and five hospitals were excluded
because they reported unexplained low mortality rates under
1% for global and ST-elevation myocardial infarction (STEMI)
mortality. Sensitivity analysis was performed to ensure these
exclusions did not affect the reliability of our findings. Among
the six remaining countries, missing data were either imputed
by absence when clinically relevant (diabetes) or analysed
through a ‘missing data’ class when required (hypertension,
chronic renal failure, anterior ST-elevation, troponin elevation,
LVEF). Analyses included these categories to avoid excluding
patients, which could have biased the sample.

First, international differences in patients’ baseline character-
istics, clinical management and inhospital outcomes were identi-
fied through bivariate analysis. Proportions were compared
using the x2 test (or Fisher’s exact test when necessary). Mean
values of quantitative variables were compared by one-way ana-
lysis of variance (ANOVA) using Bartlett’s test. When the basic
assumptions of the Bartlett test were not met, a non-parametric
Kruskal-Wallis test was performed.

Second, the impact of country on ACS mortality was assessed
using three-level multivariate logistic regression. We performed
a multilevel analysis to take into account potential common

characteristics between patients (first level of the hierarchical
system) treated in the same hospital (second level) and between
hospitals in the same country (third level). Analysis was con-
ducted following the method proposed by Snijders and
Bosker'’: contextual effects of hospital-level and country-level
factors on outcomes were assessed by comparing each of the
two-level null models (ie, not containing any independent vari-
ables) with the three-level null model (patients at the first level
and non-patient factors at higher levels) using the log-likelihood
ratio test. A contextual effect was retained for a p value <0.05.
Thereafter, we developed nested three-level models successively
incorporating patients’ baseline characteristics, reperfusion treat-
ments, institutions and the socioeconomic characteristics of the
countries in order to test whether the country effect remained
significant despite exhaustive adjustment for individual and col-
lective (hospital) factors. For all tests, p<0.05 was considered
significant.

RESULTS

The analyses were performed on the 12231 ACS patients
enrolled through the 53 private and public hospitals participat-
ing in the EURHOBOP study. The majority of patients (94.9%)
were treated in a structure equipped with an intensive or coron-
ary care unit, and 5416 (44.3%) were admitted to a university
hospital. Most participating centres (54.7%) had a 24 h cath-
eterisation laboratory (table 1).

ACS patients’ clinical profile in Western Europe in 2010
Thirty percent of patients were women (n=3725) and 32.8%
(n=4010) of patients were admitted for STEMI. These STEMI
patients were younger (age 64*=14 vs 69+13 years, p<0.001)
and more often current smokers (38.1% vs 22.8%, p<0.001)
than NSTEMI patients. Converselyy, NSTEMI patients more
often had hypertension (65.5% vs 52.5%), diabetes (31.7% vs
22.7%, p<0.001) and a personal history of coronary heart
disease (47.1% vs 20.4%, p<0.001) than STEMI patients. With
regard to severity of illness, cardiogenic shock was more often
recorded at admission in STEMI patients (6.5% vs 2.3%,
p<0.001).

Variations between countries

As presented in table 2, differences in patients’ clinical profiles
were recorded in the six countries participating in the analysis.
ACS patients from Northern Europe (Finland and Germany)
tended to be older and they more often had a history of coron-
ary heart disease than patients from southern Europe. By con-
trast, Greek and French ACS patients were the youngest but
were also more likely to be current smokers. The highest preva-
lence of diabetes was recorded in Spain and in Portugal. As
regards clinical presentation on admission, reported rates of
patients with STEMI were 37.7% in Spain, 35.3% in Greece,
34.7% in Finland, 31.6% in France, 24% in Portugal and
24.8% in Germany (p<0.001), and heart failure symptoms on
admission were significantly less among patients from Portugal
and Spain.

Management of ACS patients in Western Europe in 2010

High rates of revascularisation were recorded among STEMI
patients (table 3). Primary percutaneous coronary intervention
(PCI) was performed in 2139 (53.3%) patients, and thromboly-
sis was administered in 836 (20.8%) patients. All in all, only
746 (18.6%) STEMI patients did not receive any revascularisa-
tion during their hospitalisation. Most NSTEMI patients
(70.3%) also underwent invasive coronary assessment, but fewer
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Table 1
(NSTEMI) patients were admitted

Healthcare delivery, economics and global health

Characteristics of admission hospitals in which ST-elevation myocardial infarction (STEMI) and non-ST-elevation myocardial infarction

Finland France Germany Greece Portugal Spain Total
n=1813 n=2424 n=2004 n=1185 n=3009 n=1796 n=12 231
University Hospital 970 (53.5) 847 (34.9) 1201 (59.9) 200 (16.9) 1202 (39.9) 996 (55.5) 5416 (44.3)
Coronary care unit 1813 (100) 2003 (90.9) 2004 (100) 1185 (100) 3009 (100) 1396 (77.7) 11610 (94.9)
On site catheterisation laboratory
Working time or on call 1233 (68) 126 (5.2) 199 (16.8) - 400 (22.3) 1958 (16)
24 h/24 580 (32) 1882 (77.6) 2004 (100) 399 (33.7) 1502 (49.9) 796 (44.3) 7163 (58.6)
On site cardiac surgery
Working time or on call 285 (21.2) - - - 200 (11.1) 585 (4.8)
24 hi24 778 (42.9) 1643 (67.1) 1204 (60.1) 200 (16.9) 902 (30) 796 (44.3) 5523 (45.2)

Data are n (%).

(n=3712, 45.1%) required percutaneous or surgical revasculari-
sation. Considerable variations between countries were observed
in STEMI and NSTEMI management strategies (tables 2 and 3).
Thrombolysis was rarely administered in Germany (2.6%),
whereas a large proportion of STEMI patients (46.2%) were
treated with thrombolysis in Greece. Moreover, thrombolysis
was mainly provided before hospital admission in France
(84.4%), Germany (53.8%) and Finland (52.4%), whereas, it
was generally administered in hospitals in Greece (99.5%),
Portugal (98.4%) and Spain (71.1%). The proportion of STEMI
patients treated with primary PCI was 84.7% in Germany,
60.4% in France, 57.8% in Spain, 51.5% in Portugal, 41.3% in

Table 2 STEMI and NSTEMI patient baseline characteristics

Finland and 18.4% in Greece (p<0.001). International varia-
tions in rates of percutaneous revascularisation were also
recorded in NSTEMI patients, who were less often treated
during the same hospital stay in Southern European countries:
PCI was performed in 66.1% of patients in France, 57.4% of
patients in Germany, 44.1% of patients in Finland, 37.3%
of patients in Spain, 33.4% of patients in Portugal and 19.6%
of patients in Greece (table 4).

Socioeconomic data
In 2009, according to Eurostat publications, the gross national
product per inhabitant in Purchasing Power Standards (PPS) and

Finland France Germany Greece Portugal Spain
n=1813 n=2424 n=2004 n=1185 n=3009 n=1796 p Value

Age, years (mean) 70.5+12.9 63.8+12.9 68.1+12.7 66.5+12.8 67.6+13.6 68+13.2 <0.001
Age <50 132 (7.3) 414 (17.1) 229 (11.4) 139 (11.7) 383 (12.7) 207 (1.5)
51<age<70 704 (38.8) 1162 (47.9) 812 (40.5) 548 (46.2) 1205 (40) 740 (41.2)
71<age<80 507 (28) 596 (25) 612 (30.5) 328 (27.7) 865 (28.7) 508 (28.3)
81<age< 101 470 (25.9) 252 (10.4) 351 (17.5) 170 (14.3) 556 (18.5) 341 (19) <0.001
Gender (male) 1186 (65.4) 1845 (76.1) 1324 (66.1) 875 (73.8) 2004 (66.6) 1272 (70.8) <0.001
Obesity (BMI>30 kg/m?) 344 (19) 779 (32.1) 672 (33.5) 274 (23.1) 631 (21) 280 (15.6) <0.001
Current smoking 370 (20.4) 797 (32.9) 504 (25.1) 491 (41.4) 697 (23.2) 543 (30.2) <0.001
Diabetes 450 (24.8) 566 (23.3) 578 (28.8) 327 (27.6) 964 (32) 595 (33.1) <0.001
Hypertension

Yes 969 (53.4) 1220 (50.3) 1549 (77.3) 623 (52.6) 1995 (66.3) 1140 (63.5) <0.001

Not available 211 (11.6) 92 (3.8) 284 (14.2) 171 (14.4) 724 (24.1) 350 (19.5)
Personal history of CHD 763 (42.1) 876 (36.1) 846 (42.2) 369 (31.1) 1033 (34.3) 806 (44.9) <0.001
Personal history of stroke 139 (7.7) 129 (5.3) 160 (8) 74 (6.2) 260 (8.6) 114 (6.3) <0.001
Personal history of CABG 173 (9.5) 111 (4.6) 225 (11.2) 83 (7) 145 (4.8) 114 (6.3) <0.001
Clinical presentation

STEMI 629 (34.7) 765 (31.6) 498 (24.8) 418 (35.3) 1022 (34) 678 (37.7)

NSTEMI 1184 (65.3) 1659 (68.4) 1506 (75.2) 767 (64.7) 1987 (66) 1118 (62.3) <0.001
Heart failure symptoms on admission

Acute pulmonary oedema 120 (6.6) 186 (7.7) 61 (3) 93 (7.8) 88 (2.9) 95 (5.3) <0.001

Cardiogenic shock 33 (1.8) 46 (1.9) 62 (3.1) 27 (2.3) 54 (1.8) 36 (2) <0.001
LVEF (%)

>55 484 (26.7) 1050 (43.3) 910 (45.4) 232 (19.6) 1366 (45.4) 637 (35.5)

35-55 450 (24.83) 680 (28) 580 (28.9) 456 (38.5) 607 (20.2) 476 (26.5)

<35 110 (6.1) 209 (8.6) 240 (12) 109 (9.2) 239 (7.9) 161 (9)

Not available 769 (42.4) 485 (20) 274 (13.7) 388 (32.7) 797 (26.5) 522 (29) <0.001

Data are n (%) or meanzstandard deviation.

BMI, body mass index; CABG, coronary arterial bypass graft surgery; CHD, coronary heart disease; NSTEMI, non ST-elevation myocardial infarction; STEMI, ST-elevation myocardial

infarction; LVEF, left ventricular ejection fraction.
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Table 3 ST-elevation myocardial infarction (STEMI) patients management and inhospital outcomes

Finland France Germany Greece Portugal Spain Total
n=629 n=765 n=498 n=418 n=1022 n=678 n=4010
Thrombolysis 208 (33.1) 141 (18.4) 13 (2.6) 193 (46.2) 194 (20) 87 (12.8) 836 (20.8)
Primary or rescue PCI 351(55.8) 556 (72.7) 432 (86.7) 88 (21) 625 (61.1) 429 (63.3) 2481 (61.9)
Primary PCl 260 (41.3) 462 (60.4) 422 (84.7) 77 (18.4) 526 (51.5) 392 (57.8) 2139 (53.3)
Coronarography 538 (85.5) 743 (97.1) 463 (93) 222 (53.1) 818 (80) 574 (84.7) 3358 (83.7)
PCl 474 (75.4) 632 (82.6) 440 (88.3) 174 (41.6) 674 (65.9) 520 (76.7) 2914 (72.7)
CABG 41 (6.5) 11 (1.4) 8(1.6) 4(1) 11 (1.1) 13 (1.8) 88 (2.2)
Inhospital outcomes
Cardiogenic shock 32 (5.1) 49 (6.4) 63 (12.6) 23 (5.5) 59 (5.8) 36 (5.3) 262 (6.5)
Reinfarction 14 (2.2) 21 2.7) 6(1.2) 11 (2.6) 1(0.1) 4(0.6) 57 (1.4)
Death 59 (9.4) 52 (6.8) 75 (15.1) 21 (5) 99 (9.7) 33 (4.9) 339 (8.4)

Data are n (%).
CABG, coronary arterial bypass graft surgery; PCI, percutaneous coronary intervention.

the income Gini coefficient were estimated at 116 PPS
and 0.291 in Germany, 114 PPS and 0.259 in Finland, 107 PPS
and 0.299 in France, 103 PPS and 0.323 in Spain, 94 PPS and
0.331 in Greece, 80 PPS and 0.354 in Portugal, respectively.
After adjustment, these variables were not related to risk of
inhospital death (table 5).

Inhospital outcomes of ACS patients in Western Europe in
2010

During the hospitalisation of STEMI patients, 262 (6.5%) pre-
sented with cardiogenic shock, 57 (1.4%) had reinfarction and
339 (8.4%) died. Event rates were slightly lower among
NSTEMI patients: cardiogenic shock, reinfarction and death
were recorded for 192 (2.3%), 94 (1.1%) and 362 (4.4%)
patients, respectively. The incidence of inhospital events (cardio-
genic shock, reinfarction and death) differed between the six
countries (tables 3 and 4). For both types of ACS the highest
rates of events were observed in Germany, Portugal and Finland,
whereas Spain and Greece were associated with the lowest rates
of inhospital events (table 5). International variability in the risk
of death was confirmed by the multilevel model: the contextual
effect of ‘country’ level was significant (p<0.001) in the ‘inter-
cept only’ multilevel model, and in the complete multilevel
model (p<0.001) after exhaustive adjustment for baseline, clin-
ical and institution characteristics, and for national socio-
economic characteristics (table 5). The contextual impact of
country on mortality in ACS patients is shown by residual ana-
lysis in figure 1. Despite high rates of revascularisation and
exhaustive model adjustment, Germany and Portugal appeared

associated with an increased risk of death, whereas risk was
lower in Greece. In Finland, France and Spain, international var-
iations were gradually attenuated by incremental adjustment
(figure 1).

Analyses stratified on STEMI and NSTEMI patients brought
similar results regarding the link between country and mortality.
Detailed results are available as web data supplement (see online
supplementary tables S1 and S2). The heterogeneity hypothesis
was confirmed using a two-level multivariate analysis considering
country as a cofactor variable (see online supplementary table S3).

DISCUSSION

The growing number of population-based, registries and of large
cardiovascular clinical trials, has highlighted temporal and inter-
national differences in ACS epidemiology and outcomes.” '¢ 7
Our study revealed that large variations persisted in the outcomes
of ACS patients in Western Europe. The inhospital mortality
rates of STEMI and NSTEMI patients were two to three times
higher in Finland, Germany and Portugal than in Greece and
Spain, with intermediate values for France. We identified inter-
national differences in the baseline characteristics and in the clin-
ical management of ACS patients that could partly explain the
difference of risk, but unlike previous series, socioeconomic
characteristics did not appear to be associated with differences in
ACS mortality.® '

Individual determinants of inhospital mortality
Our findings highlight that despite an evolution in ACS epi-
demiology over the past decade, major determinants of

Table 4 Non-ST-elevation myocardial infarction (NSTEMI) patient management and inhospital outcomes

Finland France Germany Greece Portugal Spain Total
n=1184 n=1659 n=1506 n=767 n=1987 n=1118 n=8221
Coronarography 758 (64) 1571 (94.7) 1267 (84.1) 301 (39.2) 1243 (62.6) 637 (60) 5777 (70.3)
PCl 522 (44.1) 1096 (66.1) 864 (57.4) 150 (19.6) 663 (33.4) 417 (37.3) 3712 (45.1)
CABG 100 (8.4) 53 (3.2) 3232 7(0.9) 42 (2.1) 41 (3.7) 292 (3.5)
Inhospital outcomes
Cardiogenic shock 23 (1.9 29 (1.7) 52 (3.4) 27 (3.5) 43 (2.2) 18 (1.6) 192 (2.3)
Reinfarction 23 (1.9) 26 (1.6) 14 (0.9) 11 (1.4) 6 (0.3) 14 (1.2) 94 (1.1)
Death 81 (6.8) 31 (1.9) 65 (4.3) 20 (2.6) 135 (6.8) 30 (2.7) 362 (4.4)

Data are n (%).
CABG, coronary arterial bypass graft surgery; PCI, percutaneous coronary intervention.
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Table 5 Multilevel multivariate analysis of factors associated with
inhospital mortality in 58 hospitals treating acute coronary
syndrome patients in six European countries

Multivariable adjustment

95% CI

Multilevel model
Fixed-effect parameters OR

p Value

Baseline characteristics
Age vs <50 years

51-70 1.13 0.73 t0 1.77 0.581

71-80 2.58 1.65t04.05  <0.001

81-101 418 2.63106.63  <0.001
Gender F vs M 1.07 0.89 to 1.30 0.461
Diabetes 1.32 1.08 to 1.61 0.006
Hypertension

Yes 1.21 0.91 to 1.61 0.192

Not available 235 1.70t0 3.24  <0.001
Obesity (BMI >30 kg/m?) 0.74 0.58 to 0.95 0.019
Current smoking 0.69 0.51 t0 0.92 0.013
History of CABG 0.78 0.53 t0 1.16 0.221
History of CHD 0.91 0.75to0 1.12 0.395
Clinical presentation

STEMI vs NSTEMI 2.75 2.25t03.37  <0.001
Heart failure symptoms on admission

Acute pulmonary oedema 2.1 1.58102.81  <0.001

Cardiogenic shock 12.35 8.841t017.26  <0.001
Troponin elevation

Yes 3.38 21410533  <0.001

Not available 10.7 6.31018.18  <0.001
LVEF

35<LVEF<55% 1.70 1.21 10 2.38 0.002

LVEF<35% 7.28 52510 10.10 <0.001

Not available 6.57 48610 8.89  <0.001
Management strategy

PCl performed 0.35 0.28 t0 0.44  <0.001

University hospital 1.28 0.93 to 1.76 0.122

Coronary care unit 1.04 0.47 t0 2.28 0.921
Socioeconomic characteristics

GNP per capita in PPS 0.99 0.91 to 1.09 0.958

Gini coefficient (for a 0.001 increase)  0.99 0.96 to 1.08 0.682

Random effect parameterst Variance 95% Cl p Value*

0.08t00.35  <0.001
0.08 t0 1.08  <0.001

Hospital 0.17
Country 0.29

*Computed from log likelihood ratio test.

tResults can also be presented as an OR for death risk, comparing a hospital (or a
country) at the 75th percentile of the hospital/country distribution to a hospital (or a
country) at the 25th percentile of the hospital/country distribution:

OR hospital (75th vs 25th percentiley=1.74 (95% Cl 1.46 t0 2.22); OR country (75th vs 25th
percentiley=2-07 (95% Cl 1.46 to 4.06);

BMI, body mass index; CABG, coronary arterial bypass graft surgery; CHD, coronary
heart disease; GNP, gross national product; NSTEMI, non ST-elevation myocardial
infarction; PCl, percutaneous coronary intervention; PPS, purchase power
standardized; STEMI, ST-elevation myocardial infarction.

inhospital mortality are still age, diabetes and MI extension. PCI
revascularisation appeared as the strongest predictor of
improved prognosis in our results. An apparently protective
effect of obesity was also identified. Similar findings have been
previously reported and related to a decreased risk of haemor-
rhage associated with higher Body Mass Indexes and to particu-
lar neuro-hormonal impregnation.’” 2° Smoking was also
apparently associated with a better prognosis in our study, as it
has been previously associated with more successful thromboly-
sis.”! However, we cannot exclude the possibility of a residual
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confounding effect, persisting despite adjustment, and due to
age, gender or previous history of cardiac disease, which were
all related to obesity and smoking.

In sensitivity analysis exploring the impact of missing data,
OR for current smoking was equal to 0.69 (95% CI 0.51 to
0.92, p=0.013) when missing data were imputed by absence
and 0.83 (95% CI 0.6 to 1.14, p=0.251) when they were not.

International differences in ACS epidemiology and prognosis
International differences in the clinical profile of ACS patients
can be extracted from previous national cardiovascular registries
(diabetes was recorded in 32% of German patients in 2000-
2002, 23.7% of French patients in 2005 and 31% of Greek
patients in 2007), but to the best of our knowledge, there is no
recent standardised European study comparing risk factors
among ACS patients according to geographic distribution.”*™>*
These differences between countries could be of interest to
national cardiovascular societies. Such knowledge could help to
define national priorities for cardiovascular prevention. For
instance, our results highlight the need to strengthen campaigns
against smoking in Greece, France and Spain, and they suggest
that intensive efforts with regard to nutritional prevention pro-
grammes should be made in Spain, Portugal and Germany to
reduce the prevalence of diabetes.

Our findings also point to differences between countries with
regard to initial severity of illness. ACS were 30% more likely to
be complicated by cardiogenic shock on admission in Germany
than in Finland, Portugal or any other participating country.
Similar findings have previously emerged from the MONICA
registry. One of the proposed explanations was a recruitment
bias due to an urban environment: patients living in towns and
cities can reach hospital sooner, whereas isolated patients living
in rural areas are less likely to reach hospital alive in the event
of life-threatening symptoms.* This hypothesis may explain why
we recorded an excess of fatal outcomes in Germany while
lower rates of inhospital deaths were recorded in Greece and
Spain. Unfortunately, few recent data are available to evaluate
prehospital ACS mortality and demonstration that the lower
inhospital mortality recorded in Southern European countries is
related to higher prehospital mortality is just based on a body of
arguments: first, previous results from MONICA support the
suggestion that the proportion of prehospital deaths tended to
be lower in Germany than in Finland, France and Spain.*
More recently, MONICA registry reported that prehospital ACS
fatalities represented 74.4% of 28-day ACS mortality in France
in 2006 and 69.7% in Germany between 2009 and 2011 (per-
sonal communication from the MONICA/KORA registry).>®
Second, taking into account that only 17% of Greek STEMI
patients arrived at the hospital by ambulance®’) and that
broadly 50% of deaths related to ACS occur during the first few
hours after symptom onset,® we have to suspect higher prehos-
pital ACS mortality in Greece than in Germany.

Confirmation of this assumption will require further inter-
national studies taking into account prehospital ACS mortality.
Nevertheless, we know that the main limitation will be the
quality of data collection concerning causes of death.

International differences in ACS clinical management

This European study confirmed recent improvements in STEMI
revascularisation: primary reperfusion has risen from 56% in
ACS-1 study to 74.1% in the present analysis with increased use
of primary PCI, which nowadays appears to be the dominant
revascularisation strategy in STEML'” 27 28 However, we
pointed out that large variations in ACS reperfusion strategies
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Logarithmic OR and 95% Cls for risk of inhospital death for each country according to multilevel analysis. (A) Without fixed-effect

parameters. (B) After adjustment for baseline characteristics (age, gender, diabetes, hypertension, current smoking, obesity and history of coronary
artery graft (CABG) surgery). (C) After adjustment for baseline and patients’ clinical presentation (STEMI or non-ST-elevation myocardial infarction
(NSTEMI), left ventricular EF, heart failure symptoms on admission). (D) After exhaustive adjustment for (C), management strategy

(PCl-revascularisation, type of institution) and socioeconomic characteristics.

still persist in Western Europe.”” These concern STEMI and
NSTEMI patients. In accordance with previous data, our results
confirmed that use of PCI was less systematic among Southern
European countries (which were less frequently equipped with a
catherisation laboratory), but we also reported dramatic
increases in rates of STEMI patients treated with primary PCI in
Greece, Portugal and France.”” As regards thrombolysis, we
showed that its delivery significantly differs between Northern
European (Finland, France, Germany) and Southern European
countries (Portugal, Greece, Spain), where thrombolysis was
mainly administered upon arrival to hospital.

Finally, all these differences between countries are closely
related to differences in the organisation of healthcare systems,
which are likely to explain the remaining contextual effect of
country on ACS mortality. This remains, however, a hypothesis
that will have to be confirmed by other data. The possibility of
a contextual effect suggests how difficult it might be to harmon-
ise management of ACS patients over a large geographical area,
and that a few more years will be required to overcome econom-
ical, geographical and epidemiological constraints.

Study characteristics and limitations

The strengths of the present study include a large number of
ACS registered in a real-life setting according to a standardised
protocol, which enables comparison between the six countries.
The centres included are experienced in participating in such
studies, and all investigators underwent collective training, guar-
anteeing the quality of the data. Moreover, for each country,
preliminary analyses were performed to check that included

data were consistent with published knowledge. The limitations
of this study relate to our deliberate exclusion of Italian data for
which many adjustment variables were missing and to the exclu-
sion from the EURHOBOP protocol of all patients who died
before admission to hospital. This restricts our conclusions to
hospitalised ACS patients: our hypothesis that observed

What is already known about this subject?

Previous population-based registries and large cardiovascular
clinical trials highlighted temporal and international differences
in acute coronary syndrome (ACS) epidemiology and outcomes.
International guidelines have been published to harmonise
clinical practice and reduce these variations.

What this study adds?

Despite recent improvements, there are still differences between
countries in ACS patients’ presentations and in their clinical
management. These lead to significant variations in ACS
inhospital mortality, which was paradoxically higher in Northern
European countries.

How might this impact on clinical practice?

These results highlight the heterogeneity in ACS management
that persists between countries. Moreover, our findings reinforce
the need to take prehospital mortality into account in further
studies on healthcare system efficiency.
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differences in inhospital mortality are related to differences in
prehospital mortality is just based on the analysis of previously
published studies confirming this.

CONCLUSION

There are still variations in ACS patients’ baseline characteristics
and in their clinical management in Western Europe. These dif-
ferences partly explain the international variations in ACS out-
comes. Our findings also suggest that inhospital ACS mortality
is highly impacted by differences in prehospital patient manage-
ment that are directly related to healthcare system organisation.
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