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Methods. — The weekly numbers of ED admissions for Ml and stroke were collected from the
OSCOUR® network, which covers 93.3% of all ED admissions in France. National and regional
incidence rate ratios from 02 February until 31 May (2020 versus 2017—2019) were estimated
using Poisson regression for Ml and stroke, before, during and after lockdown.

Results. — A decrease in ED admissions was observed for Ml (—20% for ST-segment elevation
MI and—25% for non-ST-segment elevation MI) and stroke (—18% for ischaemic and—22% for
haemorrhagic) during the lockdown. The decrease became significant earlier for stroke than
for Ml. No compensatory increase in ED admissions was observed at the end of the lockdown
for these diseases. Important regional disparities in ED admissions were observed, without
correlation with the regional levels of COVID-19 cases. The impact of lockdown on ED admissions
was particularly significant in six regions (Ile-de France, Occitanie, Provence-Alpes-Cote d’Azur,
Nouvelle Aquitaine, Hauts-de-France and Bretagne).

Conclusions. — The decrease in ED admissions for MI and stroke observed during the lockdown
was probably caused by fear of COVID-19 and augmented by the lockdown, and was heteroge-
neous across the French territory. ED admissions were slow to return to the usual levels from
previous years, without a compensatory increase. These results underline the need to reinforce
messages directed at the population to encourage them to seek care without delay in case of
cardiovascular symptoms.

© 2021 Elsevier Masson SAS. All rights reserved.

Résumé

Contexte. — La pandémie COVID-19 et le confinement national ont conduit a des changements
importants dans le recours aux soins d’urgences par la population.

Objectifs. — Décrire les évolutions nationales et régionales des admissions aux urgences (SU)
pour infarctus du myocarde (IM) et AVC avant, pendant et aprés le premier confinement.
Méthodes. — Le nombre hebdomadaire d’admissions aux urgences pour IM et AVC a été collecté
aupres du réseau Oscour qui couvre 93,3 % de toutes les admissions aux urgences en France.
Les ratios national et régionaux des taux d’incidence du 03 février au 31 mai (2020 versus
2017—2019) et les intervalles de confiance a 95 % ont été estimés a l’aide de la régression de
Poisson avant, pendant et apres le confinement pour IM et AVC.

Résultats. — Une diminution des admissions aux urgences a été observée pour les IM (—20 %
pour les STEMI et—25 % pour les NSTEMI) et les AVC (—18 % pour les ischémiques et—22 %
pour les hémorragiques) pendant le confinement. La diminution était significative plus pré-
cocement pour UAVC que pour UIM. Aucune compensation des admissions n’a été observée
a la fin du confinement pour ces maladies. D’importantes disparités régionales dans les vari-
ations d’admissions aux urgences ont été observées sans corrélation avec le niveau régional
d’infection par la COVID-19. L’impact du confinement sur les admissions a ’urgence a été par-
ticulierement marqué dans six régions (lle-de France, Occitanie, Provence-Alpes-Cote d’Azur,
Nouvelle Aquitaine, Hauts-de-France et Bretagne).

Conclusions. — La diminution des admissions pour IM et AVC aux urgences, observée lors du
confinement, probablement en raison de la peur de l'infection au covid-19 et majorée par le
confinement, était hétérogene sur le territoire francais. Le retour a des taux d’admission aux
urgences habituels a été long, sans compensation a la sortie du confinement. Ces résultats
soulignent la nécessité de renforcer les messages de prévention adressés a la population pour
Uinciter a se faire soigner sans délai en cas de symptomes cardiovasculaires.

© 2021 Elsevier Masson SAS. Tous droits réservés.

Background March 2020) to week 19 (04—10 May 2020). The pandemic

and the lockdown have led to significant changes in the
In France, the first case of coronavirus disease 2019 (COVID- organization of the healthcare system. In addition, fear of
19) was confirmed on 24 January 2020. A first national in-hospital infection with severe acute respiratory syndrome

lockdown of the population lasted from week 12 (16—22 coronavirus 2 (SARS-CoV-2), the virus that causes COVID-19,
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and advice emanating from health authorities and widely
reported in the mass media since the beginning of the out-
break, probably led patients to stay at home or to postpone
calling the emergency services in case of mild disease symp-
toms, including cardiovascular symptoms. Several studies
have reported pronounced reductions in hospital admissions
for myocardial infarction (Ml) in different countries [1—5].
On the other hand, results regarding the evolution of hospi-
tal admissions for stroke during the lockdown are scarce, and
no data have been reported according to the type of stroke
[6,7]. Although some data have highlighted a drop in hospi-
talization for acute cardiovascular diseases, few data have
documented the duration of this decline and whether or not
the situation returned to normal with regard to the manage-
ment of cardiovascular diseases in the weeks following the
end of the lockdown [8].

In France, the COVID-19 pandemic spread heteroge-
neously over the French territory during the first wave
of infection. Important regional disparities were observed,
with some regions affected early and strongly by the first
wave of contamination (Grand Est and then Paris and its
suburbs, and Hauts-de-France to a lesser extent) and others
affected very little (the South and West of France). In this
context, the impact of the pandemic on the health system
may have differed between regions. Few data are available
regarding the regional impact of the COVID-19 crisis on MI
and stroke management in France.

The objective of our study was to describe the national
and regional temporal trends in emergency department (ED)
admissions for Ml (non-ST-segment elevation Ml [NSTEMI] and
ST-segment elevation MI [STEMI]) and stroke (ischaemic and
haemorrhagic), before, during and after the first national
lockdown.

Methods

We used the nationwide OSCOUR® data source (Organisa-
tion de la surveillance coordonnée des urgences) to describe
visits to the ED for acute MI or stroke.

OSCOUR® data

ED data are collected from daily computerized medical
records, completed during consultations in hospitals par-
ticipating in the OSCOUR® network, which grew from 23
hospitals in 2004 to 696 hospitals in 2020, covering 93.3%
of all ED visits in France [9].

Transmitted data contain clinical information, with a pri-
mary diagnosis and up to five secondary discharge diagnoses,
coded using the 10th revision of the International Classifica-
tion of Diseases (ICD-10). In addition to medical diagnoses,
demographic information (date of birth, sex and residen-
tial postal code) and administrative information (date and
time of admission and discharge, provenance and orienta-
tion after ED admission [hospitalization, death, discharge])
are collected. Of interest, information about transport used
to reach hospital was available for ED admission: personal
vehicle; ambulance; firefighter’s vehicle; or mobile emer-
gency and intensive care services (Service Mobile d’Urgence
et Reanimation [SMUR]).

Outcome definitions

We studied all ED admission summaries where one of the
following ICD-10 codes was recorded for the diagnosis of
acute MI (121 to 123) or stroke (160 to 164). Among all acute
MIs (ICD-10 codes 121 to 123), STEMI were identified using
121.0, 121.1, 121.2, and 121.3 codes; other codes between
121 and 123 were classified as NSTEMI. MIs sent directly to
a specific acute care unit are not included in our study. For
stroke, the diagnoses of ischaemic stroke (codes 163, 164)
and haemorrhagic stroke (codes 160 to 162) were studied.

Geographical area

Because regions (corresponding to the first level of the
Nomenclature of Territorial Units for Statistics (NUTS1)) [10]
were impacted differently by the COVID-19 crisis during
the first wave, we hypothesized that the evolution of the
use of EDs for cardiovascular diseases would differ accord-
ing to the level of transmission of COVID-19. Consequently,
we grouped regions into four areas ranging from high to
moderate transmission of COVID-19, according to the mor-
tality rate observed in the first month of lockdown, i.e.
between 14 March and 14 April 2020 [11]. Among the 13
French administrative regions (Table A.1), the Red area
covered the two regions with the highest mortality rate
(over 25/100,000) (Grand Est and Ile-de-France); the Orange
area included four regions with a mortality rate between
15 and 25/100,000 (Bourgogne-Franche-Comté, Hauts-de-
France, Auvergne-Rhone-Alpes and Corse); the Yellow area
included four regions with a mortality rate between 10 and
15/100,000 (Centre-Val de Loire, Pays de la Loire, Provence-
Alpes-Cote d’Azur [PACA] and Normandie); and the Green
area covered the three regions with lowest mortality rate
(between 1 and 10/100,000) (Occitanie, Bretagne, and Nou-
velle Aquitaine).

Statistical analyses

Data from 03 February until 31 May were studied. The study
period was divided into three sections: before (weeks 6 to
11), during (weeks 12 to 19) and after (weeks 20 to 22) the
lockdown period. The weekly nhumbers of ED admissions for
acute cardiovascular diseases were extracted by subtype of
MI (STEMI, NSTEMI) and stroke (ischaemic stroke, haemor-
rhagic stroke). Incidences in 2020 were compared with the
mean incidences observed between 2017 and 2019 during
the same three periods of the year. Population data to esti-
mate incidences were gathered from the National Institute
of Statistics and Economic Studies (Institut national de la
statistique et des études économiques [Insee]). Incidence
rate ratios (IRRs) and 95% confidence intervals (Cls) were
estimated using Poisson regression for each period and each
outcome, overall and according to age group, sex, type of
transport used to reach the hospital, region and residen-
tial area (Red, Orange, Yellow or Green). Regional IRRs and
95% Cls were also estimated for Ml (NSTEMI and STEMI) and
stroke (ischaemic and haemorrhagic) subtypes to increase
the statistical power to detect significant differences.

All analyses were performed using SAS software, version
9.3 (SAS Institute, Cary, NC, USA). No study with human or
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animal subjects was performed by any of the authors during
the development of this article, and data did not include
any identifiable private information. Approval from an insti-
tutional review board was unnecessary.

Results
Myocardial infarction

In 2020, between 03 February (week 6) and 31 May (week
22), 7916 patients were admitted to an ED for MI (2768 for
STEMI and 5148 NSTEMI) (Table 1).

During the lockdown period (weeks 12 to 19), compared
with the same weeks in 2017—2019, there was a significant
decrease in patients admitted to an ED for STEMI (IRR 0.81,
95% C1 0.75—0.88) and NSTEMI (IRR 0.75, 95% Cl 0.71—0.80),
reaching its lowest level in week 13 for both (Fig. 1A and
B). The decrease during lockdown was of the same mag-
nitude for both sexes, irrespective of Ml type. For NSTEMI,
the decrease was more important in those aged 15—44 years
(IRR 0.66, 95% Cl 0.51—0.84), although it was significant for
all age groups (Table 2). Finally, the decrease was particu-
larly marked among people who traveled to the ED in their
personal vehicle, for both STEMI and NSTEMI.

The decrease in the level of ED admission during the
weeks of lockdown was independent of the local spread of
COVID-19 transmission, as we observed significant decreases
in the Green, Yellow, Orange and Red geographical areas for
STEMI, and in the Green, Yellow and Red areas for NSTEMI
(Fig. 2A and B). On the contrary, regional discrepancies
in Ml ED admission levels during the weeks of lockdown
were observed within regions similarly affected by COVID-
19. For instance, in the Red area, the drop in admissions
was statistically significant in Ile-de-France (IRR 0.60, 95% ClI
0.52—0.71), but non-significant in Grand-Est (IRR 0.94, 95%
Cl 0.80—1.10). Similarly, in regions less affected by COVID-
19 (Green area), the drop in admissions varied significantly
from one region to another (Fig. 3A).

An increase in ED admissions for MI started in week
14, and returned to 2017—-2019 levels in week 17 (data
not shown). The return to normal ED admission lev-
els occurred earlier for STEMI than for NSTEMI (Fig. 1,
Fig. A.1A and Fig. A.1B). In the Green area, the
return to usual NSTEMI admission levels was later (weeks
20 to 22) than in the Red area (weeks 16 to 17)
(Fig. A.1A and Fig. A.1B). By the end of May 2020, all
regions had regained usual levels of ED admissions, except
for two Green regions: Occitanie for STEMI (IRR 0.75, 95%
C10.57—0.99); and Nouvelle Aquitaine for NSTEMI (IRR 0.75,
95% Cl 0.57—0.99) (Fig. A.2A and Fig. A.2B).

Stroke

In 2020, between 03 Feb (week 6) and 31 May (week 22),
29,528 patients were admitted to an ED for stroke (23,994
for ischaemic stroke and 5534 for haemorrhagic stroke)
(Table 1).

There was a significant decrease in the incidence of
patients admitted to an ED for ischaemic stroke (IRR 0.84,
95% C10.82—0.86) and haemorrhagic stroke (IRR 0.78, 95% Cl
0.74—0.82) during the lockdown period (weeks 12 to 19). The

decrease in ED admissions for stroke started earlier than for
MI. At a national level, the lowest level was reached in week
13 for ischaemic stroke and in week 15 for haemorrhagic
stroke (Fig. 1C and Fig. 1D). Similarly to MI, no difference in
the level of admissions for stroke was observed by sex dur-
ing the lockdown, but the decrease was more pronounced
in those aged 15—44 years (IRR 0.71, 95% CI 0.63—0.80 for
ischaemic stroke; and IRR 0.64, 95% Cl 0.53—0.77 for haem-
orrhagic stroke) and among people who traveled to the ED
in their personal vehicle or were transported by firefighters
(Table 3).

The decrease in ED admissions for stroke was significant
in all geographical areas during the lockdown period for
both ischaemic and haemorrhagic stroke. Regional dynam-
ics of ED admissions for all stroke are described in Fig. 3B.
The ED admissions were significantly lower in Auvergne-
Rhone-Alpes, Ile-de-France, Grand-Est, Hauts-de-France,
Bretagne, Nouvelle Aquitaine, Occitanie and PACA during the
lockdown.

An increase in ED admissions for ischaemic and haem-
orrhagic stroke started in week 14 and returned to
2017—2019 levels in week 19 (data not shown). The return
to usual admission levels for both ischaemic and haem-
orrhagic stroke was later in the Green area (weeks 20
to 22) than in the Red area (weeks 18 to 19) (Fig. 1C,
Fig. 1D, Fig. A.1C and Fig. A.1D). By the end of May
2020, the ED admission level remained lower in Nouvelle
Aquitaine (IRR 0.86, 95% Cl 0.76—0.96) and PACA (IRR
0.86, 95% Cl 0.75—0.99) for ischaemic stroke, and in Occ-
itanie for haemorrhagic stroke (IRR 0.76, 95% CI 0.58—1.00)
(Fig. A.2C and Fig. A.2D).

Discussion

Results from our study showed a significant reduction in
ED admissions for acute cardiovascular diseases, with a
marked impact in younger age groups and a later return
to 2017—2019 levels for stroke and NSTEMI. Regional dis-
parities in ED admissions were observed without correlation
to the regional level of COVID-19 transmission. The impact
of COVID-19 lockdown on ED admissions for acute cardio-
vascular diseases was particularly marked in six regions
(Ile-de France, Occitanie, PACA, Nouvelle Aquitaine, Hauts-
de-France and Bretagne) and in Grand-Est for stroke.

Our results regarding the decrease in ED admissions for M
during the lockdown are consistent with those reported from
Northern Italy, Austria and Northern California [3,4,12], and
those described from other data sources in France [1,2,5].
In those studies, a 20—40% decrease in MI hospitalization
was observed, with a more pronounced decrease in NSTEMI
compared with STEMI [1,8]. For stroke, few nationwide data
have been published, with contrasting results. A Norwegian
study reported a reduction in the incidence of stroke during
the lockdown, whereas no relevant difference was observed
between 2019 and 2020 in the total number of patients
admitted for ischaemic stroke in an Italian hospital [7]. To
our knowledge, no data according to the subtype of stroke
(ischaemic or haemorrhagic) has been previously published
[6,7].

In our study, the most important decrease was observed
among patients who traveled to the ED in their personal
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Table 1 Emergency admissions for myocardial infarction or stroke, before, during and after the lockdown period in France®, by subjects’ characteristics and transport
type.

STEMI NSTEMI Ischaemic stroke Haemorrhagic stroke

Before During After Before During After Before During After Before During After

ED admission 1167 (100) 1096 (100) 505 (100) 2001 (100) 2090 (100) 1057 (100) 9180 (100) 10,309 (100) 4505 (100) 2172 (100) 2337 (100) 1025 (100)
Sex
Female 417 (35.7) 367 (33.5) 173 (34.3) 709 (35.4) 762 (36.5) 363 (34.3) 4536 (49.4) 4968 (48.2) 2247 (49.9) 1011 (46.5) 1116 (47.8) 487 (47.5)

Male 749 (64.2) 729 (66.5) 332 (65.7) 1292 (64.6) 1328 (63.5) 694 (65.7) 4644 (50.6) 5339 (51.8) 2258 (50.1) 1161 (53.5) 1221 (52.2) 538 (52.5)
Age (years)
15—44 80 (6.9) 71 (6.5) 38 (7.5) 107 (5.3) 104 (5.0) 54 (5.1) 529 (5.8) 451 (4.4) 211 (4.7) 188 (8.7) 177 (7.6) 78 (7.6)
45—64 422 (36.2) 422 (38.5) 199 (39.4) 650 (32.5) 721 (34.5) 363 (34.3) 1897 (20.7) 2113 (20.5) 931 (20.7) 483 (22.2) 510 (21.8) 223 (21.8)
65—74 270 (23.1) 224 (20.4) 100 (19.8) 481 (24.0) 459 (22.0) 246 (23.3) 1956 (21.3) 2223 (21.6) 1002 (22.2) 426 (19.6) 450 (19.3) 203 (19.8)
>75 395 (33.8) 379 (34.6) 168 (33.3) 763 (38.1) 806 (38.6) 394 (37.3) 4798 (52.3) 5522 (53.6) 2361 (52.4) 1075 (49.5) 1200 (51.3) 521 (50.8)
Area
Red 165 (14.1) 154 (14.1) 75 (14.9) 362 (18.1) 393 (18.8) 198 (18.7) 1561 (17.0) 1701 (16.5) 820 (18.2) 478 (22.0) 457 (19.6) 221 (21.6)
Orange 291 (24.9) 276 (25.2) 131 (25.9) 486 (24.3) 473 (22.6) 271 (25.6) 2113 (23.0) 2412 (23.4) 1104 (24.5) 512 (23.6) 551 (23.6) 258 (25.2)
Yellow 346 (29.6) 329 (30.0) 141 (27.9) 608 (30.4) 605 (28.9) 294 (27.8) 2267 (24.7) 2573 (25.0) 1045 (23.2) 456 (21.0) 542 (23.2) 247 (24.1)
Green 328 (28.1) 294 (26.8) 133 (26.3) 501 (25.0) 566 (27.1) 270 (25.5) 2924 (31.9) 3252 (31.5) 1397 (31.0) 661 (30.4) 711 (30.4) 277 (27.0)
Other 37 (3.2) 43 (3.9) 25 (5.0) 44 (2.2) 53 (2.5) 24 (2.3) 315 (3.4) 371 (3.6) 139 (3.1) 65 (3.0) 76 (3.3) 22 (2.1)
Transport
Ambulance 208 (17.8) 266 (24.3) 106 (21.0) 386 (19.3) 530 (25.4) 235 (22.2) 2583 (28.1) 3654 (35.4) 1452 (32.2) 507 (23.3) 661 (28.3) 277 (27.0)
Personal 456 (39.1) 327 (29.8) 198 (39.2) 681 (34.0) 569 (27.2) 341 (32.3) 2677 (29.2) 2424 (23.5) 1211 (26.9) 442 (20.3) 427 (18.3) 194 (18.9)
SMUR 104 (8.9) 98 (8.9) 50 (9.9) 209 (10.4) 198 (9.5) 85 (8.0) 245 (2.7) 300 (2.9) 115 (2.6) 209 (9.6) 235 (10.1) 95 (9.3)
Firefighters 216 (18.5) 212 (19.3) 80 (15.8) 409 (20.4) 415 (19.9) 186 (17.6) 2296 (25.0) 2313 (22.4) 984 (21.8) 670 (30.8) 656 (28.1) 295 (28.8)

Data are expressed as number (%). ED: emergency department; NSTEMI: non-ST-segment elevation myocardial infarction; SMUR: Service Mobile d’Urgence et Reanimation (mobile
emergency and intensive care services); STEMI: ST-segment elevation myocardial infarction.
a Before: weeks 6 to 11; during: weeks 12 to 19; after: weeks 20 to 22.
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Table 2

period in France®.

Incidence rate ratio of emergency department admissions between 2020 and 2017—2019 for myocardial infarction, before, during and after the lockdown

STEMI NSTEMI
Before During After Before During After
IRR (95% Cl) P IRR (95% Cl) P IRR (95% Cl) P IRR (95% Cl) P IRR (95% Cl) P IRR (95% Cl) P
ED admissions 1.13 (1.04—1.23) 0.005 0.81 (0.75—0.88) <0.001 0.98 (0.87—1.11) 0.74 0.92 (0.87—-0.98) 0.01 0.75 (0.71-0.8)  <0.0001 1.04 (0.95—1.13) 0.37
Sex
Female 1.17 (1.02—1.35) 0.03  0.81 (0.71—0.93) 0.003 1.09 (0.88—1.35) 0.44 0.89 (0.80—0.98) 0.02 0.76 (0.69—0.83) <0.0001 0.99 (0.86—1.15) 0.92
Male 1.10 (0.99—1.22) 0.06 0.82 (0.74-0.90) <0.001 0.93 (0.80—1.08) 0.35 0.95(0.88—1.02) 0.15 0.75 (0.70—0.81) <0.0001 1.07 (0.96—1.19) 0.23
Age (years)
15—44 1.08 (0.79—1.49) 0.61 0.77 (0.56—1.05) 0.10 1.18 (0.74—1.88) 0.49 0.91 (0.70—1.18) 0.48 0.66 (0.51—0.84) 0.001 0.75 (0.53—1.07) 0.11
45—64 1.14 (0.99—1.31) 0.07 0.86 (0.75—-0.98) 0.02 0.98 (0.80—1.19) 0.82 0.93 (0.84—1.04) 0.21 0.81 (0.73—0.89) <0.0001 1.11 (0.95—1.28) 0.19
65—74 1.26 (1.05—1.51) 0.01 0.75 (0.63—0.89) 0.001 0.88 (0.67—1.16) 0.38 1.10 (0.97—1.26) 0.14 0.73 (0.64—0.82) <0.0001 1.11 (0.93—1.34) 0.25
>75 1.03 (0.90—1.19) 0.67 0.80 (0.70—0.92) 0.001 0.99 (0.80—-1.22) 0.90 0.82 (0.74—0.90) <0.0001 0.72 (0.66—0.79) <0.0001 0.98 (0.85—1.12) 0.76
Transport
Ambulance  1.13 (0.93—-1.38) 0.22  1.23 (1.03—1.47) 0.03 1.32 (0.99—-1.77) 0.06 0.89 (0.77—1.02) 0.08 1.01 (0.89—1.13) 0.93 1.23 (1.01—-1.49) 0.03
Personal 1.17 (1.02—1.34) 0.02  0.63 (0.55—-0.72) <0.001 1.08 (0.88—1.32) 0.46 0.95 (0.85—1.05) 0.33 0.60 (0.54—0.66) <0.0001 0.99 (0.85—1.15) 0.86
SMUR 1.16 (0.88—1.55) 0.29  0.90 (0.68—1.18) 0.43 1.00 (0.67—1.47) 0.99 1.04 (0.86—1.26) 0.68 0.77 (0.64—0.93) 0.01 0.99 (0.73—1.33) 0.94
Firefighters 1.23 (1.01—1.50) 0.04 0.88 (0.73—1.06) 0.18 0.81 (0.61—1.09) 0.17 0.99 (0.86—1.14) 0.91 0.84 (0.73—0.95) 0.01 0.97 (0.80—1.19) 0.80

Cl: confidence interval; ED: emergency department; IRR: incidence rate ratio; NSTEMI: non-ST-segment elevation myocardial infarction; SMUR: Service Mobile d’Urgence et Reanimation

(mobile emergency and intensive care services); STEMI: ST-segment elevation myocardial infarction.
a Before: weeks 6 to 11; during: weeks 12 to 19; after: weeks 20 to 22.
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Table 3 Incidence rate ratio of emergency department admissions between 2020 and 2017—2019 for stroke, before, during and after the lockdown period in France?.
Ischaemic stroke Haemorrhagic stroke
Before During After Before During After
IRR (95% Cl) P IRR (95% Cl) P IRR (95% Cl) P IRR (95% Cl) P IRR (95% Cl) P IRR (95% Cl) P
ED admissions 0.97 (0.94—1) 0.05 0.84 (0.82—0.86) <0.0001 0.98 (0.94—-1.02) 0.40 0.96 (0.91-1.02) 0.19 0.78 (0.74—0.82) <0.0001 1.00 (0.92—1.09) 0.99
Sex
Female 0.95 (0.91-0.99) 0.01 0.81 (0.78-0.85) <0.0001 0.98 (0.93—1.04) 0.55 0.91(0.83—0.99) 0.02 0.78 (0.73—0.85) <0.0001 1.01 (0.89—1.14) 0.93
Male 0.99 (0.95—1.03) 0.71 0.86 (0.83—0.89) <0.0001 0.98 (0.93—1.04) 0.56 1.02 (0.94-1.1) 0.71 0.78 (0.72—-0.84) <0.0001 1.00 (0.88—1.12) 0.95
Age (years)
15—44 1.08 (0.96—1.23) 0.20 0.71 (0.63—0.80) <0.0001 0.78 (0.65—0.94) 0.01 0.97 (0.79—-1.18) 0.76 0.64 (0.53—0.77) <0.0001 0.81 (0.60—1.09) 0.17
45—64 0.98 (0.92—1.05) 0.58 0.84 (0.79—-0.89) <0.0001 0.97 (0.89—1.06) 0.54 0.94(0.83—1.07) 0.35 0.75(0.67—0.84) <0.0001 1.00 (0.83—1.20) 1.00
65—74 0.99 (0.93—1.05) 0.71  0.85 (0.80—0.90) <0.0001 1.01 (0.92—1.10) 0.84 1.00 (0.87—1.14) 0.96 0.80 (0.71—0.91) 0.001 0.96 (0.79—1.17)  0.69
>75 0.93 (0.90-0.97) 0.00 0.83 (0.80—0.86) <0.0001 0.98 (0.93—1.04) 0.49 0.94 (0.86—1.02) 0.14 0.80 (0.74—0.86) <0.0001 1.04 (0.92—1.17) 0.56
Transport
Ambulance  0.93 (0.88—0.98) 0.01  1.00 (0.96—1.05) 0.83 1.10 (1.02—1.19) 0.01 0.93 (0.82—1.05) 0.22 0.89 (0.81—0.99) 0.04 1.14 (0.96—1.35) 0.14
Personal 1.06 (1.01-1.12) 0.02 0.73 (0.69—0.77) <0.0001 0.99 (0.91—-1.07) 0.78 1.02 (0.89—1.16) 0.77 0.74 (0.65—0.83) <0.0001 0.99 (0.81—1.21) 0.95
SMUR 0.75 (0.64—0.89) 0.001 0.78 (0.67—0.91) 0.002 0.81 (0.64—1.04) 0.10 0.90 (0.74—1.08) 0.26 0.79 (0.66—0.93) 0.01 0.90 (0.68—1.19) 0.47
Firefighters  1.00 (0.94—1.06) 0.94  0.80 (0.75—0.84) <0.0001 0.89 (0.81—0.97) 0.01 0.96 (0.86—1.06) 0.42 0.73 (0.66—0.80) <0.0001 0.93 (0.80—1.09) 0.39

Cl: confidence interval; ED: emergency department; IRR: incidence rate ratio; NSTEMI: non-ST-segment elevation myocardial infarction; SMUR: Service Mobile d’Urgence et Reanimation
(mobile emergency and intensive care services); STEMI: ST-segment elevation myocardial infarction.
@ Before: weeks 6 to 11; during: weeks 12 to 19; after: weeks 20 to 22.
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Figure 1.  Weekly number of emergency department (ED) admissions for myocardial infarction and stroke in France, from weeks 6 to 22 in
2017—2019 and 2020. A. Non-ST-segment myocardial infarction (NSTEMI). B. ST-segment myocardial infarction (STEMI). C. Ischaemic stroke.
D. Haemorrhagic stroke. @ Note that the scale of the graph in panel C is different. [Publishers: * to be changed to 2 in the figure.].
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Figure 2. Incidence rate ratios of emergency department admissions between 2020 and 2017—2019 for myocardial infarction and stroke,
before (weeks 6 to 11), during (weeks 12 to 19) and after (week 20 to 22) the lockdown period in France, by geographical area. A. Non-ST-
segment myocardial infarction (NSTEMI). B. ST-segment myocardial infarction (STEMI). C. Ischaemic stroke. D. Haemorrhagic stroke. The
Red area (-®-) included Grand Est and Ile-de-France (COVID-19 mortality rate over 25/100,000); the Orange area (-®-) included Bourgogne-
Franche-Comté, Hauts-de-France, Auvergne-Rhone-Alpes and Corse (mortality rate between 15 and 25/100,000); the Yellow area (-@-)
included Centre-Val de Loire, Pays de la Loire, Provence-Alpes-Cote d’Azur and Normandie (mortality rate between 10 and 15/100,000);
and the Green area (-®-) included Occitanie, Bretagne and Nouvelle Aquitaine (mortality rate between 1 and 10/100,000).
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Figure 3. Regional incidence rate ratios of emergency depart-

ment admissions between 2020 and 2017—2019 for myocardial
infarction and stroke, during (black line) and after (grey line) the
lockdown period in France. PACA: Provence-Alpes-Cote d’Azur.

vehicle. These patients were probably those with transient
or less severe forms of stroke or MI, or with least typical
symptoms. The greater decline observed in admissions for
NSTEMI than for STEMI corroborates this finding.

While we cannot exclude that reductions in professional
physical effort, stress and air pollution—three triggers of
acute cardiovascular diseases—during the lockdown period
may have resulted in a decrease in the incidence of MI
and stroke, the main hypothesis to explain the drop in ED
admission is people’s fear of coming to hospital during the
pandemic [13]. At the beginning of the outbreak, messages
from medical doctors and health authorities asking people
with non-serious symptoms to stay at home were widely
spread by the media to the French population. Thus, it is
likely that many people did not want to disturb emergency
services or feared getting COVID-19 if they went into the hos-
pital, and therefore postponed their admission in ED. Results

from previous studies support this hypothesis. In a study
by Kristoffersen et al., a reduced proportion of patients
reaching hospital with stroke, the symptoms of which had
lasted for less than 4.5 hours, was reported during the lock-
down [6]. In addition, a French study showed an increase
in out-of-hospital cardiac arrests, supporting the hypothesis
that the decrease in early use of care and delayed manage-
ment would lead to an increase in out-of-hospital mortality,
probably as a result of delayed management. However, this
increase was limited to the first 2 weeks of lockdown [14].

This study raises fears of a delay in the management of
patients that could result in more complications and hospital
mortality, but also an increase in out-of-hospital cardiovas-
cular mortality [14,15]. The first French results showed a
non-significant increase in hospital deaths [1], but some
studies have shown increased severity of stroke or Ml in other
countries [6,15]. Several prevention messages for the pop-
ulation were redesigned early in April by the French health
authorities and the Neurovascular Society and the French
Society of Neuroradiology, to encourage people with cardio-
vascular disease symptoms to consult or call the emergency
services. These messages and the communication around
the implementation of different management pathways for
patients with COVID-19 did not result in a rapid return to
usual rates, particularly for stroke. Overall, it is how nec-
essary to study more broadly the location of death by MI
and stroke during lockdown weeks, as well as the possible
impact of delayed management (length of hospitalization,
severity of the disease at entrance, in-hospital mortality,
sequelae, etc.), to clarify how the drop in ED admissions
observed translates in terms of the burden of cardiovascular
diseases.

The observed decrease in ED admissions for cardiovas-
cular disease seems to be independent of the level of
prevalence of COVID-19 at the regional level. Indeed, the
decrease in ED admissions for acute cardiovascular disease
does not seem to be related to hospitals being inundated in
the Red area of the French territory. However, regional dis-
parities were observed, with different dynamics of return
to usual levels. It remains difficult to understand and fully
explain each regional trend because of the possible contri-
bution of several phenomena that are difficult to estimate.
One of these is the different local prehospital and in-hospital
reorganizations to prioritize COVID-19 management and cre-
ate dedicated COVID-19 units. In the most affected regions,
some patients could have been redirected to different hos-
pitals because of reallocation of stroke or cardiology units
as COVID-19 units. In addition, as shown in our results, there
was also a drop in patients traveling to EDs in their personal
vehicle. This result highlighted the important psychological
impact of lockdown, irrespective of hospital reorganization,
and we cannot exclude that this psychological impact may
have been different in each region, where socioeconomical
and environmental conditions may differ. Indeed, modifi-
cation of people’s perception of the risk of going to the
hospital by local health messages and regional saturation of
emergency call platforms (Service d’aide médicale urgente
[SAMU] in France) may have had differing effects across the
territory in people who were slightly or transiently symp-
tomatic. Finally, we cannot exclude that the reduction in air
pollution exposure may have had a most important impact in
urbanized regions such as Ile-de-France, and may have led
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to a more pronounced reduction in ED admissions linked to
a true decrease in the incidence of cardiovascular diseases.

Study strengths and limitations

This study, covering more than 90% of ED admissions through-
out France, is the first to provide an estimate of the date of
return to usual admission rates for Ml and stroke at national
and regional levels. The large number of ED admissions
allowed us to present the results by subtype of Ml and stroke,
and by region. The comparison of admission levels with the
average of the previous 3 years was a strength of our work.
Indeed, in several studies, the comparison of admission lev-
els during the outbreak was carried out between the first
weeks of lockdown and the previous weeks of February and
early March [1,6,8]. In these studies, given the seasonality
of MI and stroke, with higher rates in winter, the observed
decline in admissions could have been augmented by natu-
rally higher levels in winter, in previous weeks.

There were several limitations to this study. First, data
presented are ED admissions, not hospitalizations for Ml and
stroke. Most stroke cases are admitted to the ED for cerebral
imaging and, in our study, nearly 90% of patients admitted to
an ED were hospitalized. However, as patients with Ml could
be referred directly to a cardiology department, without
going through an ED, our study reflected only a part of MI
management. It is possible that part of the decrease in ED
admissions for Ml may reflect an increase in the management
of these patients in acute cardiology units through pre-
hospitalized triage. However, similar results focusing on MI
hospitalization have been described [1]. Second, no detailed
information, medical co-morbidities or personal histories of
cardiovascular disease of patients are gathered in ED admis-
sion data. Thus, we could not compare the profiles of the
patients admitted in 2020 with those admitted in previous
years and, in particular, the severity of the pathologies.
Finally, the lack of details regarding delay to admission and
mortality limited the interpretation of these trends.

Conclusions

The impact of COVID-19 on acute cardiovascular disease ED
admissions was significant during the lockdown, with marked
regional disparities. ED admissions were slow to return to
the usual level of previous years, without a compensatory
increase. These results underline the need to reinforce mes-
sages to the population to encourage them to seek care
without delay in case of cardiovascular symptoms.
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