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KEYWORDS Summary

Acute coronary Background. — Case-fatality data for acute coronary syndromes (ACS) are scarce in unselected
syndrome; French patients.

Case fatality; Aims. — To analyse early and late case-fatality rates in patients with ACS in France, case fatality
Determinants; determinants and time trends between 2010 and 2015.

Trends Methods. — For each year from 2010 to 2015, all patients hospitalized for ACS in France and

aged > 18 years were selected. Multivariable Cox models were used to assess determinants of
case fatality at 3 days, 4—30 days and 31—365 days after hospital admission.

Results. — In 2015, cumulative 3-day, 30-day and 1-year case-fatality rates were, respectively,
2.0%, 5.1% and 11.1% for all patients with ACS, and 3.9%, 8.5% and 13.8% for those with ST-
segment elevation myocardial infarction (STEMI). Admission through the emergency department
was associated with a higher risk of death, particularly at 3 days. Female sex was associated
with higher case-fatality rates at 3 days, but with lower case-fatality rates at 31—365 days.
Social deprivation was associated with higher case-fatality rates for all periods for all patients
with ACS. A significant decrease was found between 2010 and 2015 in case-fatality rates at
31-365 days, particularly for patients with STEMI; this time trend was no longer significant
after additional adjustment for hospital management.

Abbreviations: ACS, acute coronary syndrome; CABG, coronary artery bypass graft; Cl, confidence interval; CMUc, couverture maladie
universelle complémentaire (complementary universal health insurance coverage); ED, emergency department; HR, hazard ratio; ICD-10,
International Classification of Diseases, 10th revision; PCl, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial

infarction.

* Corresponding author at: 14, rue du Val-d’Osne, 94410 Saint-Maurice, France.
E-mail address: Amelie.GABET@santepubliquefrance.fr (A. Gabet).

https://doi.org/10.1016/j.acvd.2019.09.004
1875-2136/© 2019 Elsevier Masson SAS. All rights reserved.


https://doi.org/10.1016/j.acvd.2019.09.004
http://www.sciencedirect.com/science/journal/18752136
http://crossmark.crossref.org/dialog/?doi=10.1016/j.acvd.2019.09.004&domain=pdf
mailto:Amelie.GABET@santepubliquefrance.fr
https://doi.org/10.1016/j.acvd.2019.09.004

Case fatality after hospitalization for ACS in France 755

Conclusions. — Case fatality up to 1 year after hospitalization for ACS was non-negligible, high-
lighting the need to ensure better follow-up after the acute stage, particularly in the most
deprived patients. As hospital admission through the emergency department still occurs fre-
quently, health policy should promote a national campaign to increase the awareness and
preparedness of the general population regarding ACS. Finally, our results suggest that women
need specific attention early after the index event.

© 2019 Elsevier Masson SAS. All rights reserved.

Contexte. — Peu de données existent sur la étalité post-syndrome coronaire aigu (SCA) parmi

Objectifs. — Le but de cette étude était d’analyser la létalité précoce et tardive suivant un SCA
hospitalisé en France, de décrire ses déterminants et d’étudier les évolutions entre 2010 et

Méthodes. — Pour chaque année de 2010 a 2015, tous les patients hospitalisés pour un SCA
en France, agés de plus de 18 ans ont été sélectionnés. Des modeles de Cox multivariés ont
été utilisés afin de décrire les déterminants respectifs de la létalité a 3 jours, 4—30 jours et

Résultats. — En 2015, la létalité cumulée a 3 jours, 30jours et 1 an était respectivement de
2,0 %, 5,1 % et 11,1 % pour les SCA, et de 3,9 %, 8,5 % et 13,8 % pour les STEMI. L’admission
a ’hopital par les urgences était associée a un risque de déces plus élevé, en particulier sur
la létalité a 3 jours. Le sexe féminin était associé a une létalité a 3 jours plus importante mais
a une létalité tardive moindre. La défaveur sociale était liée a une plus grande létalité quel
que soit la fenétre retenue. Une diminution significative de la létalité tardive a été observée
entre 2010 et 2015, notamment parmi les STEMI. Cette tendance n’était plus significative apres

Conclusions. — La létalité post-SCA demeure relativement élevée jusqu’a un an soulignant
’importance d’assurer un suivi optimal des patients aprées la phase aigué, en particulier chez
les patients les plus défavorisés socialement. La proportion de patients se présentant d’eux-
mémes aux urgences restant élevée, les campagnes publiques visant a informer et préparer la
population sur la conduite a tenir en cas de symptéomes d’un SCA doivent étre poursuivies et
intensifiées. Enfin, nos résultats suggérent que les femmes nécessitent encore une attention

including prehospital mortality rates [7]. Nevertheless,

MOTS CLES Résume

Syndrome coronaire

aigu ; I’ensemble des patients atteints en France.

Létalité ;

Déterminants ;

Evolutions 2015.
31—365jours (tardive) apres l’admission a ’hopital.
ajustement sur la prise en charge durant l’hospitalisation.
particuliere au moment de la phase aigué.
© 2019 Elsevier Masson SAS. Tous droits réservés.

Background

overall case-fatality rates remain high: in-hospital mortality

Acute coronary syndromes (ACS) continue to be a major
public health concern in France, with an increase in ACS
rates observed among people aged <65 years, particularly
women [1]. Despite this increase, survival following acute
myocardial infarction and, more globally, ACS has improved
greatly in recent years, as a result of better organization
of ACS care pathways and the development of invasive
therapeutic strategies [2—5]. These improvements focus
on the acute stage of the disease and have led to a
dramatic reduction in in-hospital mortality. Admission to
cardiac rehabilitation units—associated with reduced case-
fatality and recurrent-event rates after ACS in the short
term, mid term and long term—has also occurred increas-
ingly frequently in France in recent years [6]. Studies have
also shown a decrease in out-of-hospital mortality rates,

of patients with ST-segment elevation myocardial infarction
(STEMI) in the national registries of the European Society of
Cardiology (ESC) member countries varies between 4% and
12%, while the reported 1-year mortality rate in angiography
registries is approximately 10% [3]. Available information
about ACS case fatality mostly concerns short-term find-
ings, and is based on specialized cardiology referral centres,
such as in the French Registry of Acute Coronary Syndrome
(FAST-MI) for acute myocardial infarction in France [8,9].

The aims of this study were to: (1) evaluate case-fatality
rates after ACS (including STEMI) in France, at different time
intervals from hospital admission up to 1 year; (2) investi-
gate whether the determinants of case fatality differed; and
(3) analyse associated time trends in case-fatality rates from
2010 to 2015.
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Methods
Data sources

The study was conducted using the French national health
data system (Systéme national des données de santé
[SNDS]), which contains individual information on the
sociodemographic and medical characteristics of almost the
entire French population.

Study population

Patients hospitalized with a main discharge diagnosis of
ACS from 2010 to 2015 were selected. Patients with ACS
were defined by the following International Classification of
Diseases, 10th revision (ICD-10) codes: 120.0 and 121123,
with 121.0 and 121.1—121.3 for STEMI. Patients with their
first hospitalization—the index hospital admission—were
selected for each year. We excluded patients hospitalized
for ACS between 1 and 28 days before the index hospi-
talization; patients aged<18years; and patients who did
not live in metropolitan France (97% of the overall French
population, which does not include the French overseas ter-
ritories of Guadeloupe, Martinique, French Guyana and La
Réunion). Moreover, as date of death was exhaustive for
all years of the study period for patients affiliated to the
national general health insurance scheme (approximately
86% of the French population), we limited the analysis to
this population. Sensitivity analyses for the entire popula-
tion for the year 2015 showed similar results to those for the
86% selected.

Case fatality was assessed by vital status and the related
date of death. Sociodemographic characteristics recorded
at hospital admission included age, sex and social depriva-
tion level of the area of residence. The Social Deprivation
Index used was developed by Rey et al. (the first index
quintile group [Q1] represented the 20% of the population
with the lowest deprivation level, while the fifth index
quintile group [Q5] represented the 20% with the high-
est deprivation level) [10]. The degree of individual social
deprivation can also be estimated by the free complemen-
tary universal health insurance coverage (CMUc), available
for low-income persons aged < 60years and living in France
under the poverty line. CMUc provides access to care with-
out advance payment or extra billing, covering total medical
expenditures.

The Charlson Comorbidity Index was computed using
the 2011 method of Quan et al., including 12 conditions
(congestive heart failure, dementia, chronic pulmonary dis-
ease, rheumatological disease, mild liver disease, diabetes
with chronic complications, hemiplegia or paraplegia, renal
disease, any malignancy, moderate or severe liver dis-
ease, metastatic solid tumour or AIDS/HIV), identified by
diagnostic codes recorded during the hospital stay, with
ponderation attributed to each condition [11]. A history
of ACS was recorded if a hospitalization for ACS occurred
in the 5 years preceding the index hospital admission.
Heart failure incidence in the year after hospital admis-
sion was recorded using hospitalization codes (150, 1110,
1130, 1132 as primary diagnoses or associated diagnoses
with 1139, J81, K761 as primary diagnoses). Coronary artery
procedures, including coronary angiography, percutaneous

coronary intervention (PCl) and coronary artery bypass
graft (CABG), were all recorded for the 5 years before
hospital admission and for the first 3 days after hospi-
tal admission among patients still alive at this point. At
least one reimbursement for medication in the 6 months
before the index hospital admission and up to 1 year was
recorded (Anatomical Therapeutic Chemical [ATC] classifi-
cation): antithrombotic agents (B01), beta-blockers (C07),
other antihypertensive drugs, including diuretics, calcium-
channel blockers and drugs acting on the renin—angiotensin
system (C02, CO03, C08, C09), and lipid-lowering agents
(C10) were searched for. Finally, the proportion of patients
simultaneously receiving recommended treatment (a beta-
blocker, a platelet aggregation inhibitor, a statin and an
angiotensin-converting enzyme inhibitor) was also calcu-
lated.

Admission to hospital through the emergency department
(ED) was defined as a patient presenting themselves to the
ED versus being admitted directly to a care unit or entering
the hospital by ambulance. Finally, cardiogenic shock was
recorded using ICD-10 code R570 at the time of hospitaliza-
tion.

Analysis

Because of changes in the coding of unstable angina and
myocardial infarction other than STEMI (other myocardial
infarction) over the study period, analyses were conducted
for all ACS cases and thereafter in the STEMI subgroup. All
the results for unstable angina and other myocardial infarc-
tion are presented separately in Table A.1 and Table A.2.

Crude cumulative case-fatality rates were calculated
at 3 days, 30 days and 1 year after the index hospi-
tal admission for ACS in 2015 as the ratio between the
number of deceased persons and the study population for
that year. Multivariable Cox regression models were used
to individually examine the determinants of case fatal-
ity at 3 days, 4—30 days and 31—-365 days after hospital
admission. For the two latter outcomes, the analysis was
restricted to the survivors of each preceding period. The
following covariates were included: age (polynomial), Charl-
son Comorbidity Index score (polynomial), sex, deprivation
index of the area of residence, previous hospitalization for
ACS, admission through the ED and year of hospital admis-
sion (Model 1). For the case-fatality outcomes at 4—30 days
and 31-365 days, the following binary variables related
to hospital management in the first 3 days were added:
coronary angiography, PCl (including other coronary proce-
dures, such as percutaneous recanalization, atherectomy,
etc.) and CABG (Model 2). Sensitivity analyses in patients
still alive at the end of their hospital stay were performed
by adding—as covariates—the refund for antiplatelets, beta-
blockers, antihypertensive drugs and lipid-lowering drugs in
the 3 months after hospital admission (Model 3). These anal-
yses were performed to avoid any bias arising from patients
still alive after the initial hours of hospitalization. Sup-
plementary analyses were conducted in patients aged <60
years, to examine the effect of being a CMUc beneficiary on
case-fatality outcomes.

All analyses were performed with SAS® Enterprise
Guide®, version 7.1 (SAS Institute, Cary, NC, USA).
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Results

In 2015, 84,202 patients were hospitalized for an ACS,
including 29,358 with STEMI (34.9%, Table 1). The Charl-
son Comorbidity Index score was 0 for 63.8% of all patients
with ACS (65.2% among men and 61.1% among women). In
patients with ACS overall, 23.0% lived in the most deprived
areas, and in those aged <60 years, 13.8% benefited from
CMUc; this percentage was higher in women (16.6%) than in
men (13.0%). Finally, 46.1% of all patients with ACS were hos-
pitalized through the ED (50.5% in women and 43.9% in men).
At 3 days following hospital admission, 58.7% of patients
with ACS (77.4% for STEMI) who were still alive had a PCI.
Among patients still alive at the end of their hospital stay,
71.9% of those with STEMI received the four recommended
medications simultaneously (64.8% of women versus 74.7% of
men). Cardiogenic shock was diagnosed in 4.2% of patients
with ACS and 7.2% of those with STEMI. Finally, among 1-
year survivors, 11% of patients were hospitalized for heart
failure.

In 2015, cumulative 3-day, 30-day and 1-year case-
fatality rates were, respectively, 2.0%, 5.1% and 11.1% for
all patients with ACS, and 3.9%, 8.5% and 13.8% for patients
with STEMI (Table A.2). Compared to patients with STEMI,
the 1-year case-fatality rate was lower in patients with
unstable angina (7.2%; Table A.2) and higher in those with
other myocardial infarction (14.4%; Table A.2). Three-day
case fatality accounted for 16.4% of the overall 1-year ACS
case-fatality rate for men and 20.7% for women, and 25.5%
for men and 31.0% for women when considering only patients
with STEMI (Fig. 1).

Between 2010 and 2015, crude case-fatality rates among
all patients with ACS were unchanged, except for those at
31—-365 days, which decreased from 5.6% to 5.4% in men
and from 8.3% to 7.8% in women (Fig. 2). These trends were
significant according to Cox univariate analyses (Table A.3).
After adjustment, no significant time trends in case-fatality
rates at 3 days and 4—30 days were found, but a significant
decrease in case-fatality rates at 31—365 days remained for
ACS (hazard ratio [HR] 0.88, 95% confidence interval [CI]
0.84—-0.91), including STEMI (HR 0.86, 0.81—0.93) (Model
1, Table 2). After supplementary adjustment for invasive
management and recommended medication delivery, trends
were attenuated when considering overall ACS, and were no
longer significant in patients with STEMI (Models 2 and 3,
Table 2).

Age and the Charlson Comorbidity Index score were
associated with an increased risk of death in all groups
(data not shown). Hospitalization through an ED was associ-
ated with a higher risk of case fatality for all timeframes,
with a global HR of 1.32 (95% ClI 1.30—1.34) at 1 year
for ACS (Model 1, Table 2). The risk was particularly high
at 3 days (HR 1.56, 95% Cl 1.50—1.63, for ACS). In sen-
sitivity analyses, among 3-day survivors, with additional
adjustment for early invasive management, the effect of
hospital admission through the ED remained significant in
patients with ACS for all outcomes (Model 2, Table 2).
For patients with STEMI, the effect remained significant
at 4—30 days only (HR 1.08, 95% CI 1.03—1.13) (Model 2,
Table 2).

Female sex was associated with an increased 3-day case-
fatality rate in patients with ACS, particularly in patients

with STEMI (HR 1.27, 95% Cl 1.21—1.34) (Model 1, Table 2).
This association was stronger among patients aged < 65 years
(data not shown). By contrast, female sex was associated
with a significantly lower case-fatality rate at 31—365 days
in patients with ACS (HR 0.84, 95% Cl 0.82—0.86).

A higher deprivation level was significantly associated
with higher case-fatality rates for all periods for all patients
with ACS (HR 1.26, 95% Cl 1.23—1.30 at 1 year) (Model
1, Table 2). Patients aged < 60 years receiving CMUc had a
higher risk of death at 31—365 days, but not at 3 days or
4—-30 days (Table A.4).

Discussion

In 2015, in metropolitan France, 11.1% of patients admitted
to hospital for an ACS and, specifically, 13.8% of those with
STEMI, died in the following year. Among deceased patients
with STEMI, 63% of women and 59% of men died in the
first 30 days after hospital admission. Patients hospitalized
through an ED were at higher risk of death, and repre-
sented 46% of those with an ACS. Female sex was associated
with much higher case-fatality rates at 3 days, but with
lower case-fatality rates at 31—365 days. The level of social
deprivation of the area of residence was associated with
higher case-fatality rates for all periods investigated after
hospital admission. A significant decrease in case-fatality
rates at 31—365 days was observed between 2010 and
2015.

Although the French FAST-MI programme reported lower
30-day mortality rates in patients who had STEMI in 2015
(3%), the population considered came from cardiac inten-
sive care units, and therefore under-represented patients
admitted to general intensive care units and very elderly
patients admitted to geriatric units or general wards [8]. In
international studies based on hospital databases similar to
those that we used, higher 30-day and 1-year mortality rates
were found in Sweden, Italy and New Zealand [12—14].

The lower likelihood of survival in women than in men
in the early days after an ACS that we observed might be
explained by their higher risk profile and the prolonged
delay between onset of pain and first medical contact [15].
The most recent publication from the FAST-MI programme
highlighted important sex differences in terms of delays in
seeking medical attention, with women taking much longer
before consulting [16,17]. Interestingly, the e-MUST registry
showed that women faced higher in-hospital mortality after
STEMI, even after adjusting for delay before consulting (i.e.
hospital admission) and other confounding factors [18].

With regard to case-fatality rates at 31—365 days, female
sex was associated with a significantly lower risk, even
before adjusting for early hospital management. Our results
are in line with those from the Swedish registries and a
meta-analysis of 35 studies on patients with STEMI who all
had a primary PCI [12,19]. These results could be explained
by the higher life expectancy in general in women. Several
studies have shown that, despite similar adjusted all-cause
mortality rates, women had much higher acute myocar-
dial infarction-related excess mortality rates than men
[20,21].

One interesting finding of our study was the substantial
increased risk of case fatality among patients admitted to
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Table 1 Characteristics of patients hospitalized for acute coronary syndrome and included in the study in 2015.

All ACS STEMI
Total Men Women Total Men Women
(n=84,202) (n=56,465) (n=27,737) (n=29,358) (n=20,437) (n=8921)
Mean age (years) 67.3 64.7 72.4 65.2 62.2 71.3
18—65years 42.6 49.2 29.1 50.1 57.9 32.1
65—85years 44.7 43.2 47.8 37.6 35.7 421
> 85years 12.7 7.6 23.1 12.3 6.4 25.8
Charlson Comorbidity Index score
0 63.8 65.2 61.1 64.1 67. 1 57.2
1 7.8 7.6 8.1 6.2 5.9 7.0
2-3 24.7 23.7 26.6 26.0 23.9 30.7
4-5 2.9 2.6 3.5 2.9 2.3 4.2
>6 0.8 0.8 0.7 0.9 0.9 0.9
Cardiogenic shock at admission 4.2 4.1 4.4 7.2 6.7 8.2
Previous hospitalization for ACS? 10.8 11.3 9.8 5.3 5.5 5.0
Hospitalization for heart failure at 1 year® 11.3 10.1 13.8 10.9 9.3 15.3
Social Deprivation Index score®
1 (the least deprived) 16.6 17.0 15.7 16.4 16.6 15.8
2 18.5 18.8 17.9 19.2 19.4 18.6
3 20.1 20.3 19.6 19.7 20.0 19.0
4 21.8 21.4 22.5 21.8 21.5 22.6
5 (the most deprived) 23.0 22.4 24.3 22.9 22.5 23.9
CMUCc? 13.8 13.0 16.6 13.2 12.6 16.0
Management
Admission to resuscitation unit or ICU stay  66.2 68.8 60.9 85.3 87.8 79.6
ICCU stay 64.0 66.4 59.1 82.7 85.2 77 1
Admission through ED 46.1 43.9 50.5 46.2 43.9 50.5
Coronary artery procedure during the first
3 days in those who died early
Coronary angiography only 15.8 17.7 13.7 14.8 17.7 11.7
PCI 39.7 46.0 32.1 48.1 56.5 38.7
CABG 1.6 1.7 1.4 0.6 0.4 0.9
Coronary artery procedure during the first
3 days after hospital admission®
Coronary angiography only 34.3 33.1 36.9 21.6 21.0 23.0
PCI 58.7 64.2 47.4 77.4 82.1 66.2
CABG 2.1 2.5 1.3 1.3 1.5 1.0
Medication delivered in the 3 months
following hospital admission’
Antithrombotics 88.9 90.9 84.5 92.8 93.9 90.3
Beta-blockers 76.8 78.6 72.9 85.7 87.3 82.0
Other antihypertensive drugs 76.0 76.7 74.5 82.5 83.2 80.9
Lipid-lowering drugs 83.1 86.7 75.7 88.7 91.4 82.1
Combination of the four categories 57.6 60.9 50.5 71.9 74.7 64.8

above

Data are expressed as mean (age only) or %. ACS: acute coronary syndrome; CABG: coronary artery bypass graft; CMUc: couverture
maladie universelle complémentaire (complementary universal health insurance coverage); ED: emergency department; ICCU: intensive
cardiac care unit; ICU: intensive care unit; PCl: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction.
2 In the 5 years before the index hospital admission.

b In 1-year survivors.

¢ Of the area of residence.

d |n patients aged < 60 years (n=26,172 patients with ACS).

€ Among patients still alive 3 days after hospital admission (n=82,448 patients with ACS).

f Among patients leaving the hospital alive and with a length of stay < 30 days (n=280,157 patients with ACS).




Table 2 Hazard ratios for determinants of case-fatality rates at 3 days, 4—30 days, 31—365 days and 1 year (multivariable analyses?).

All ACS STEMI
3 days 4—30days 31-365days 1 year 3 days 4—30 days 31—-365 days 1 year
Model 1
Period 2015 versus 2010 1.01 0.98 0.88 0.93 1.03 0.97 0.86 0.94
(0.95—1.09) (0.93—1.03) (0.84—0.91) (0.90—0.96) (0.95—1.12) (0.90—1.05) (0.81—-0.93) (0.90—0.98)
Female versus male 1.19 0.98 0.84 0.93 1.27 1.01 0.92 1.04
(1.14—1.24) (0.94—1.01) (0.82—0.86) (0.91—0.95) (1.21—1.34) (0.97—1.06) (0.88—0.96) (1.01—1.07)
Previous ACS 0.55 0.67 1.17 0.94 0.92 0.93 1.45 1.22
(0.50—0.60) (0.63—0.72) (1.13—1.21) (0.91-0.97) (0.82—1.04) (0.84—1.03) (1.34—1.57) (1.15—1.29)
Social deprivation level 1.26 1.29 1.28 1.26 1.28 1.30 1.32 1.28
(most versus least) (1.18—1.34) (1.23—1.36) (1.23—1.32) (1.23—1.30) (1.18—1.39) (1.21—1.40) (1.24—1.41) (1.23—1.34)
Admission through ED 1.56 1.29 1.19 1.32 1.28 1.18 1.15 1.24
(1.50—1.63) (1.24—1.33) (1.16—1.22) (1.30—1.34) (1.22—1.35) (1.13—1.24) (1.10—1.20) (1.20—1.27)
Model 2°
2015 versus 2010 — 1.05 0.94 0.99 — 1.06 0.95 1.00
(0.99—1.11) (0.90—0.97) (0.96—1.02) (0.98—1.15) (0.89—1.02) (0.95—1.05)
Female versus male = 0.95 0.79 0.86 = 0.99 0.87 0.92
(0.92—0.99) (0.77—0.81) (0.85—0.88) (0.94—1.03) (0.83—-0.91) (0.89—0.95)
Previous ACS — 0.65 1.12 0.92 — 0.89 1.39 1.13
(0.61—0.69) (1.08—1.16) (0.89—0.94) (0.80—0.99) (1.28—1.50) (1.07—1.21)
Social deprivation level — 1.20 1.20 1.18 — 1.18 1.21 1.19
(most versus least) (1.14—1.26) (1.16—1.25) (1.14—1.21) (1.10—1.27) (1.13—1.29) (1.13—1.25)
Admission to ED — 1.17 1.07 1.12 — 1.08 1.04 1.06
(1.14—1.21) (1.05—1.10) (1.10—1.14) (1.03—1.13) (0.99—1.08) (1.03—1.09)
Coronary angiography only — 0.51 0.75 0.64 — 0.59 0.80 0.70
(0.49—-0.53) (0.73—0.77) (0.62—0.65) (0.56—0.63) (0.76—0.84) (0.67—0.73)
PCIc — 0.59 0.53 0.54 — 0.46 0.44 0.45
(0.57—0.61) (0.52—0.55) (0.52—0.55) (0.44—0.49) (0.42—0.46) (0.44—0.47)
CABG — 1.09 0.57 0.66 — 1.04 0.58 0.74
(0.97—1.22) (0.51—0.63) (0.61—0.71) (0.85—1.28) (0.46—0.73) (0.64—0.87)
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Table 2 (Continued)

All ACS STEMI
3 days 4—30days 31-365 days 1 year 3 days 4—30 days 31-365 days 1 year
Model 3¢
2015 versus 2010 — 1.05 0.92 0.96 — 1.04 0.94 0.96
(0.96—1.15) (0.89—0.96) (0.92—0.99) (0.91—-1.19) (0.87—1.00) (0.90—1.02)
Female versus male — 0.70 0.74 0.73 — 0.76 0.80 0.79
(0.66—0.74) (0.72—0.76) (0.72—0.75) (0.70—0.82) (0.76—0.83) (0.75—0.82)
Previous ACS — 0.93 1.23 1.16 — 1.00 1.43 1.30
(0.85—1.02) (1.19—1.27) (1.12—1.19) (0.84—1.19) (1.32—1.54) (1.21—1.40)
Social deprivation level — 1.40 1.21 1.24 — 1.34 1.23 1.24
(most versus least) (1.29—1.52) (1.17—1.26) (1.20—1.28) (1.18—1.52) (1.15—1.31) (1.17—1.32)
Admission through ED — 1.27 1.10 1.13 — 1.07 1.03 1.05
(1.20—1.34) (1.08—1.13) (1.10—1.15) (0.99—1.15) (0.99—1.07) (1.01—1.09)
Coronary angiography only - 0.80 0.76 0.76 — 0.94 0.92 0.91
(0.75—0.85) (0.74—0.78) (0.74—0.78) (0.85—1.03) (0.87—0.97) (0.87—0.95)
PCIc — 1.21 0.65 0.70 — 0.91 0.59 0.63
(1.15—1.29) (0.63—0.67) (0.68—0.72) (0.83—-0.99) (0.56—0.62) (0.60—0.66)
CABG — 1.50 0.63 0.60 — 1.22 0.60 0.66
(1.25—1.80) (0.57—0.70) (0.54—0.67) (0.89—1.67) (0.47—0.75) (0.53—0.81)
Antithrombotics — 0.34 0.70 0.61 — 0.36 0.65 0.57
(0.32—0.37) (0.68—0.73) (0.59—0.63) (0.31-0.42) (0.60—0.69) (0.54—0.61)
Beta-blockers = 0.52 0.81 0.76 = 0.50 0.71 0.68
(0.49—0.57) (0.79—0.83) (0.74—0.79) (0.44—0.58) (0.67—0.75) (0.64—0.71)
Other antihypertensive — 0.42 0.91 0.77 — 0.46 0.84 0.73
drugs (0.39—0.45) (0.88—0.94) (0.75—0.79) (0.41—-0.53) (0.79—0.89) (0.69—0.77)
Lipid-lowering drugs — 0.29 0.54 0.49 — 0.26 0.51 0.46
(0.26—0.31) (0.53—0.56) (0.48—0.51) (0.23—0.31) (0.48—0.54) (0.43—0.48)

Data are expressed as hazard ratio (95% confidence interval). ACS: acute coronary syndrome; CABG: coronary artery bypass graft; ED: emergency department; PCl: percutaneous coronary
intervention; STEMI: ST-segment elevation myocardial infarction.

@ Adjusted for age, Charlson Comorbidity Index score and all other covariates.

b Model 1 in 3-day survivors, adjusted for coronary treatment in the first 3 days.

¢ Including coronary procedures other than CABG.

d Model 2 in inpatient survivors, adjusted for medication delivery in the first 30 days.
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Figure 1.
STEMI: ST-segment elevation myocardial infarction.

hospital through an ED, especially during the initial phase.
The French USIC 2000 survey demonstrated that bypassing
the ED, and entering a cardiac care unit directly, was associ-
ated with lower mortality among patients with STEMI [22].
Furthermore, among patients admitted through an ED, no
higher proportion of cardiogenic shock was found (data not
shown).

The effect of social deprivation we described reflects
results from previous studies [23,24]. A higher propor-
tion of CMUc beneficiaries was reported in patients with
ACS compared with that in the general French population
(8.8%), and the higher risk of death among CMUc benefi-
ciaries has been demonstrated previously [25,26]. A recent
study showed that patients from more deprived neighbour-
hoods experienced substantial delays from symptom onset
to hospital care, leading to higher early case-fatality rates,
until 30 days after hospital admission [27]. Lower rates of
referral to cardiac rehabilitation at discharge were also
observed in the same study, and may have affected 1-
year case-fatality rates [27]. Residing in a rural area might
affect ACS outcomes, as distance plays a particularly impor-
tant role in prehospital and posthospital case-fatality rates
[28]. Furthermore, patients living in disadvantaged neigh-
bourhoods might have a higher risk profile [29]. When
looking at drug deliveries at 1 year (Table A.5), patients
living in the most deprived area had higher rates for all
drugs compared with those living in the least deprived

Distribution of deceased patients according to time between hospitalization and death in 2015. ACS: acute coronary syndrome;

area. This is probably the result of a higher propor-
tion of cardiovascular risk factors in the most deprived
patients.

A decrease in the case-fatality rate at 31—365 days was
observed over our study period, even after adjusting for
sociodemographic factors. According to the FAST-MI pro-
gramme, 6-month mortality continued to decline between
2010 and 2015, whereas patients’ characteristics did not
change [8]. Therefore, increased adherence to ACS mana-
gement guidelines mainly explained the decrease in late
case-fatality rates. The FAST-MI programme clearly showed
an increased use of primary PCl and in-hospital PCI
or CABG. In a previous study we observed an increase
in admissions to cardiac rehabilitation units after acute
myocardial infarction in France, which might certainly
play a role in reducing late case-fatality rates after
ACS, including STEMI [6]. The non-significant trend in our
present study period in 30-day case-fatality rates could
be related to longer delays before calling emergency
services—something reported in the most recent FAST-MI
study [8].

Study strengths and limitations: The major strength of
our study was that it recorded nationally and exhaustively
hospital admissions for ACS from both private and public
hospitals, and complete follow-up. One limitation was that
we had no access to data on prehospital death. There-
fore, the case-fatality rates after an ACS may have been
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Time trends of crude case-fatality rates between 2010 and 2015, at 3 days, 4—30 days® and 31—365 days®. STEMI: ST-segment

elevation myocardial infarction. @ Among survivors of the preceding period.

underestimated. The lack of information about the sever-
ity of hospitalized cases limited the interpretation of the
results. As we did not have access to the exact hour of
hospital admission or coronary procedure, we were unable
to adjust correctly for early invasive management without
introducing a bias. Finally, the coding of unstable angina and
other myocardial infarction changed over the study period,
leading to difficulties in case identification. We observed
low 1-year mortality in patients with unstable angina, which
could reflect miscoding of stable angina as unstable angina.
Validation of unstable angina codes should be addressed.

Conclusions

Our study showed high case-fatality rates after hospitaliza-
tion for ACS, including STEMI, in France. There is still a
great need for improved general population awareness and
preparedness regarding ACS—particularly acute myocardial
infarction—as well as follow-up of patients after the acute
stage. Forty-six per cent of the patients analysed were
admitted to hospital through an ED; these patients were
associated with higher case-fatality rates. This highlights
the importance of supporting national campaigns encour-
aging people to call the emergency services in case of

ACS symptoms, instead of going directly to a hospital ED.
After adjustment for sociodemographic factors, women had
a particularly high risk of death in the early stage of hospi-
talization. The level of social deprivation of the patient’s
area of residence impacted case-fatality outcomes from
3 days to 1 year, meaning that optimal ACS management does
not erase socioeconomic discrepancies. While no change in
30-day case-fatality rates was observed between 2010 and
2015, a favourable and encouraging trend was found for
case-fatality rates at 31—365 days.
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Appendix A. Supplementary data

Supplementary data associated with this article can
be found, in the online version, at https://doi.org/10.
1016/j.acvd.2019.09.004.
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