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A B S T R A C T

Background: A reduction of admission for MI has been reported in most countries affected by COVID-19. No
clear explanation has been provided.
Methods: To report the incidence of myocardial infarction (MI) admission during COVID-19 pandemic and in
particular during national lockdown in two unequally affected French provinces (10-million inhabitants)
with a different media strategy, and to describe the magnitude of MI incidence changes relative to the inci-
dence of COVID-19-related deaths. A longitudinal study to collect all MIs from January 1 until May 17, 2020
(study period) and from the identical time period in 2019 (control period) was conducted in all centers with
PCI-facilities in northern “Hauts-de-France” province and western “Pays-de-la-Loire” Province. The incidence
of COVID-19 fatalities was also collected.
Findings: In “Hauts-de-France”, during lockdown (March 18�May 10), 1500 COVID-19-related deaths were
observed. A 23% decrease in MI-IR (IRR=0.77;95%CI:0.71�0.84, p<0.001) was observed for a loss of 272 MIs
(95%CI:�363,�181), representing 18% of COVID-19-related deaths. In “Pays-de-la-Loire”, 382 COVID-19-
related deaths were observed. A 19% decrease in MI-IR (IRR=0.81; 95%CI=0.73�0.90, p<0.001) was observed
for a loss of 138 MIs (95%CI:�210,�66), representing 36% of COVID-19-related deaths. While in “Hauts-de-
France” the MI decline started before lockdown and recovered 3 weeks before its end, in “Pays-de-la-Loire”, it
started after lockdown and recovered only by its end. In-hospital mortality of MI patients was increased dur-
ing lockdown in both provinces (5.0% vs 3.4%, p=0.02).
Interpretation: It highlights one of the potential collateral damages of COVID-19 outbreak on cardiovascular
health with a dramatic reduction of MI incidence. It advocates for a careful and weighted communication
strategy in pandemic crises.
Funding: The study was conducted without external funding.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

The coronavirus disease 2019 (COVID-19) outbreak has strained
the healthcare system in France like in the rest of the world.

The first fatality for COVID in France was reported in Hauts-de-
France province on February 25, 2020. To decrease the peak of the
epidemic and avoid swamping the healthcare system, French govern-
ment announced a countrywide lockdown from March 17 to May 10
without distinction between provinces with high or low incidence in
COVID-19.

Several studies have reported that hospitals performing primary
percutaneous coronary intervention (PCI) for acute myocardial
infarction (MI) worldwide in various areas severely hit by the pan-
demic experienced a reduction in admissions for MI [1�8] without
clear explanation of this phenomenon. Among them, a study con-
ducted in 22 centers in France, all located in major cities, reported a
drop of MI as high as 30% [9].

Similar to the French registry, most studies conducted in Europe
did not included all “contiguous” centers covering the territory to be
studied but rather a sample of centers, mainly from large cities [1�9].
The usually small number of centers included (e.g. only 10% of all
French centers with PCI facilities were involved in the French registry
[9]), and the almost exclusive location in the largest cities could be a
concern. In most countries, once the decision to lock the population
was announced, a migration of populations from the large cities to
the countryside areas was observed [10]. By decreasing the number
of patients exposed to the risk of MI in those large cities, it could
have artificially exaggerated the true magnitude of the drop of MIs
supposedly occurring in the populations the “study samples” are rep-
resenting [9].

The only way to prevent this issue, is to include all “contiguous
centers” covering the territory of interest. In that case when a patient
moves from one location to another and suffers an MI managed by a
center which is not its original center, the event is still captured.
While such methodology may be difficult to implement at a country-
wide level, it can be done at the level of a province.

In addition, the impact of media campaign to remind the popula-
tion about MI symptoms and the importance of early management of
MIs in such context is unknown.
The objectives of this study were: i) to report the incidence of MI
during COVID-19 pandemic and in particular during national lock-
down in two French provinces by involving all “contiguous centers”
delivering primary-PCI service, ii) to report the incidence of MI in
two provinces unevenly affected by COVID-19 and with a different
media campaign policy, iii) to describe the magnitude of MI incidence
changes relative to the incidence of COVID-19-related deaths.

2. Methods

A nationwide lockdown was decided by the French government to
start on March 17 12 am and end on May 10 12 am. As a drop in MI
hospital admission was reported in some areas of the national terri-
tory, the French Cardiology Society issued a press release to recall the
symptoms of MI [11] and the government broadcasted on April 7 a
message that healthcare services remained operational and safe for
use [12]. In “Hauts-de-France”, it was further carried through a prov-
ince-wide media campaign was conducted for 2 weeks (April 6�April
18: TV, radio, newspapers, social media) [13,14]. In “Pays-de-la-
Loire”, no dedicated local media campaign was conducted.

We carried out a longitudinal study in all PCI-capable hospitals
(n=19) in northern “Hauts-de-France” province and in all PCI-capable
hospitals (n=8) of western “Pays-de-la-Loire” Province from January
1, 2020 until May 17, 2020 (study period, (5,962,662 inhabitants in
“Hauts-de-France” and 3,801,797 in “Pays-de-la-Loire”, as estimated
by the French National Institute for Economical and Statistical Studies
(INSEE)) and from the identical time period in 2019 (control period,
5,977,437 inhabitants in “Hauts-de-France” and 3,787,400 in “Pays-
de-la-Loire”, INSEE).

The number of patients admitted with MIs and subtype (ST-seg-
ment elevation myocardial infarction [STEMI] and Non-STEMI
[NSTEMI]) and in-hospital mortality were obtained by extraction of
anonymous data from the hospitals’ databases. Patients in whom a
coronary angiography was not performed and patients in whom the
diagnosis of acute myocardial infarction (STEMI or NSTEMI) was inva-
lidated by coronary angiography (+/� ventricular angiography) in
favor of non-ischemic myocardial injury (e.g., myocarditis or stress
cardiomyopathy) were not included in the analysis. Patients with a
diagnosis of acute myocardial infarction (STEMI/NSTEMI) occurring
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Research in context

Evidence before this study

Studies have reported a reduction in admissions for acute myo-
cardial infarction (MI) in various areas worldwide hit by the
COVID-19 pandemic. Most studies, including one conducted in
France and reporting a drop of MI as high as 30%, were collect-
ing data from large cities. Population migration from large cities
to countryside areas could have artificially exaggerated the
magnitude of MI drop. In addition, the impact of media cam-
paign in such context is unknown.

Added value of this study

It is the first to report the MI incidence in two provinces repre-
senting 1/7 of French population, unevenly affected by COVID-
19 and with a different medical campaign policy. It is also the
first to include all centers with PCI facilities of a territory and to
match information on the absolute incidence of MI admission
and of COVID-19 death.

A reduction of MI admission of �20% was observed through-
out the national lockdown in the 2 provinces, which is much
lower than the 30% drop recently reported from centers located
in large cities disseminated on the French territory. Reduction
of MI admission was not related to the intensity of the COIVD-
19 outbreak, As such, in the province the least affected by the
pandemic, the number of missing MIs was disproportionately
higher compared to COVID-19-related fatalities (36% vs 18%). A
faster normalization of MI incidence was observed in the prov-
ince (Hauts-de-France) in which a large local media campaign
was conducted.

Implications of all the available evidence

When conducting observational studies on the impact of
COVID-19 outbreak on the incidence of MI admission, it advo-
cates for the inclusion of all “contiguous” centers of the terri-
tory in order to have a more accurate estimation of the true
rate of (missing) MIs. It also advocates for a careful and
weighted communication strategy during pandemic crises to
prevent exacerbation of an unreasonable fear of seeking medi-
cal care and keep providing optimal medical care for all high
acuity patients.
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in-hospital (e.g. post-angiography, post-PCI or post-surgery, . . .) were
also not included in the analysis.

The distinction between STEMI and NSTEMI was performed by
local physicians based on clinical presentation. Briefly, STEMI were
identified as new ischemic symptoms lasting for >= 20 min and per-
sistent ST-elevation of >= 1 mm in greater than 2 contiguous leads
(or new left bundle-branch block) followed by dynamic changes in
cardiac biomarkers (high-sensitive I or T troponin above the upper
limit of normal at each study site). NSTEMI were identified as new
ischemic symptoms and dynamic changes in cardiac biomarkers with
or without associated electrocardiographic changes (ST-depression,
transient ST-elevation and T-wave inversion).

Overall, the number of MIs are reported by specific time interval
of exposure and the number of all the patients with final diagnosis of
MI after coronary angiogram and do not take into account patients
medically managed or without final diagnosis of MI.

The primary endpoint was the MI incidence rate (IR; expressed as
cases per day reported to 100,000 persons). Results are reported in
weekly periods. The demographic data and the incidence of COVID-
19-related deaths for each province were obtained from “Sant�e Publi-
que France” (https://geodes.santepubliquefrance.fr).
The ethical committee exempted the study from individual
patient approval as no individual patient data was analyzed nor col-
lected.

2.1. Statistical analysis

IRs of MIs (overall, STEMI and NSTEMI) were calculated, for a giv-
ing interval time of exposure within a period (2020 vs. 2019), by
dividing the number of cumulative events by the number of person-
time at risk (population size*interval time of exposure expressed in
days). Within each province separately, we firstly compared the IRs
(calculated for overall interval time of exposure) between 2020
(defined as study period) and 2019 (defined as control period) by
using a Poisson regression model with number of cumulative events
(all MIs, STEMI or NSTEMI) as dependent variable, period (study vs.
control) as independent variable, and the log of person-time at risk
as offset variable. Incidence-rate ratios (IRRs) for 2020 versus 2019
(and theirs 95% confidence intervals (CIs)) were derived from the
Poisson regression model as effect size. We secondly examined if the
difference in IRs between 2020 and 2019 differed according to inter-
val time of exposure by including an interaction term between period
(2020 vs. 2019) and interval time of exposure in multivariable Pois-
son regression model; effect sizes within each interval time of expo-
sure were estimated from model by using linear contrasts. Statistical
analyses were conducted with a two-tailed a level of 0.05. Data were
analyzed using SAS software version 9.4 (SAS Institute, Cary, NC).

2.2. Role of the funding source

The study was conducted by the investigators without external
funding. All authors had full access to all the data in the study and
accept responsibility to submit for publication.

3. Results

3.1. Study population

8931 patients were admitted for acute MI confirmed by angiogra-
phy (Table 2), including 3357 with STEMI (2120 in “Hauts-de-France”
and 1237 in “Pays-de-la-Loire”, Suppl Table 2) and 5574 with NSTEMI
(3367 in “Hauts-de-France” and 2207 in “Pays-de-la-Loire”, Suppl
Table 4).

After exclusion of patients in whom angiography did not confirm
the diagnosis of MI, the patients with angiography represented
(96.5%) of patients admitted with the diagnosis of MI. This proportion
was stable over time in the 2 provinces. In particular, it did not
decreased during national lockdown (March 18�May 10 2020), as
compared to the same period of the previous year both in "Hauts-de-
France" (STEMI 98.1% vs 97.9%, p=0.87 and NSTEMI 95.3% vs 95.2%,
p=0.91) and in “Pays-de-la-Loire” (STEMI 98.5% vs 98.5%, p=0.99 and
NSTEMI 96.9% vs 96.6%, p=0.79).

3.2. In Hauts-de-France province

The first case of COVID-related death was identified on February
25, 2020 and was followed by a total of 1625 COVID-19 related-death
by May 17 corresponding to the 3rd most hit province of the country
(Supplemental Fig. 1).

During the national lockdown (March 18�May 10), a 23%
decrease in MI IR (IRR=0.77;95%CI:0.71�0.84, p<0.001, Table 1) was
observed for an overall loss of 272 MIs (95%CI:�363, �181, Table 2)
including 111 STEMIs (95%CI:�168, �54, Suppl. Tables 1 and 2) and
161 NSTEMIs (95%CI:�232, �90, Suppl. Tables 3 and 4). During the
same time period, “Hauts-de-France” experienced 1500 COVID-19-
related deaths.

https://geodes.santepubliquefrance.fr


Table 1
Comparison of Incidences of Myocardial Infarction between study period and control period in « Hauts-de-France » and in « Pays de la Loire » Provinces.

« Hauts-de-France » province « Pays de la Loire » Province

Time-interval of
exposure

Control period
(2019)

Study period
(2020)

Control period
(2019)

Study period
(2020)

MI incidencea MI incidencea IRR (95% CI) P-value MI incidencea MI incidencea IRR (95% CI) P-value

Jan 1�Feb 17 0.31 0.34 1.08 (0.99�1.18) 0.099 0.32 0.33 1.04 (0.93�1.17) 0.47
Feb 18�Feb 24 0.33 0.35 1.06 (0.84�1.34) 0.62 0.37 0.35 0.96 (0.72�1.27) 0.75
Feb 25�Mar 3 0.33 0.38 1.12 (0.91�1.39) 0.29 0.35 0.33 0.96 (0.73�1.26) 0.76
Mar 4�Mar 10 0.38 0.35 0.93 (0.74�1.16) 0.51 0.30 0.33 1.10 (0.81�1.48) 0.55
Mar 11�Mar 17 0.35 0.27 0.75 (0.59�0.96) 0.023 0.34 0.32 0.92 (0.68�1.24) 0.58
Mar 18�Mar 22 0.41 0.18 0.44 (0.32�0.61) <0.001 0.45 0.38 0.83 (0.61�1.14) 0.26
Mar 23�Mar 29 0.44 0.20 0.46 (0.35�0.59) <0.001 0.36 0.27 0.75 (0.55�1.01) 0.061
Mar 30�Apr 5 0.38 0.28 0.73 (0.57�0.95) 0.018 0.40 0.30 0.74 (0.54�1.02) 0.066
Apr 6�Apr 12 0.43 0.36 0.84 (0.66�1.06) 0.14 0.43 0.33 0.76 (0.56�1.03) 0.077
Apr 13�Apr 19 0.45 0.37 0.81 (0.65�1.02) 0.075 0.41 0.26 0.63 (0.45�0.87) 0.005
Apr 20�Apr 26 0.45 0.43 0.95 (0.76�1.19) 0.67 0.37 0.42 1.11 (0.83�1.49) 0.47
Apr 27�May 3 0.37 0.39 1.05 (0.83�1.33) 0.70 0.43 0.32 0.75 (0.55�1.02) 0.063
May 4�May 10 0.38 0.36 0.95 (0.75�1.21) 0.68 0.40 0.38 0.94 (0.70�1.26) 0.69
May 11�May 17 0.45 0.43 0.96 (0.77�1.20) 0.75 0.38 0.38 1.00 (0.74�1.34) 0.98
Jan 1�May 17

(overall)
0.37 0.34 0.92 (0.87�0.97) 0.002¨ 0.36 0.33 0.93 (0.87�0.99) 0.034#

Mar 11�May 17 0.41 0.33 0.79 (0.73�0.86) <0.001 0.40 0.33 0.84 (0.76�0.92) <0.001
Mar 18�May 10

(lockdown)
0.42 0.32 0.77 (0.71�0.84) <0.001 0.41 0.33 0.81 (0.73�0.90) <0.001

a Incidence per 100,000 persons/day.
Apr: April, CI: confidence interval, Feb: February, IRR: incidence rate ratio, Jan: January, Mar: March, MI: myocardial infarction
Heterogeneity across time intervals: ¨P <0.001/ #P=0.085.
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More specifically, from January1-to-May-17, a total of 2628
patients were referred for MI versus 2859 patients in 2019 (control
period), corresponding to a 8% decline of IR (IRR=0.92;
95%CI:0.87�0.97, p=0.002, Table 1). Until March 11 the rate of MI
was similar to 2019. The week before lockdown (March 11�17), it
dropped by 25% (IRR=0.75; 95%CI:0.59�0.96, p=0.023). The decline
was further amplified the first week of lockdown (March 18�March
22) with a decline of 56% compared to 2019 and returned to normal
within 6 weeks (by April 19) and 3 weeks before the end of lockdown
(Table 1 and Fig. 1). The incidence of both subtypes of MIs (STEMI
and NSTEMI) followed roughly the same pattern and declined transi-
tory during COVID outbreak (Supplemental Tables 1�4).
Table 2
Comparison of number of Myocardial infarction between study period and cont

« Hauts-de-France » province

Time interval of
exposure

Control period
(2019)

Study period
(2020)

MI (n) MI (n) Difference 95%C

Jan 1�Feb 17 898 967 69 [�16;
Feb 18�Feb 24 139 147 8 [�26;
Feb 25�Mar 3 160 179 19 [�18;
Mar 4�Mar 10 158 146 �12 [�47;
Mar 11�Mar 17 148 111 �37 [�69;
Mar 18�Mar 22 123 54 �69 [�96;
Mar 23�Mar 29 186 85 �101 [�134
Mar 30�Apr 5 138 101 �37 [�68;
Apr 6�Apr 12 153 128 �25 [�58;
Apr 13�Apr 19 163 132 �31 [�65;
Apr 20�Apr 26 162 154 �8 [�43;
Apr 27�May 3 134 140 6 [�27;
May 4�May 10 137 130 �7 [�40;
May 11�May 17 160 154 �6 [�41;
Jan 1�May 17

(overall)
2859 2628 �231 [�377

Mar 11�May 17 1504 1189 �315 [�417
Mar 18�May 10

(lockdown)
1196 924 �272 [�363

Apr: April, CI: confidence interval, Feb: February, IRR: incidence rate ratio, Jan:
3.3. In “Pays-de-la-Loire” province

The first case of COVID-related death was identified on March 17,
2020 and was followed by a mild intensity epidemic for a total of 407
COVID-19 related-death by May 17 (Supplemental figure).

During the national lockdown (March 18�May 10), a 19%
decrease in MI IR (IRR=0.81; 95%CI=0.73�0.90, p<0.001, Table 1) was
observed for an overall loss of 138 MIs (95%CI:�210, �66, Table 2)
including 63 STEMIs (95%CI:�105, �21, Suppl. Tables 1 and 2) and 75
NSTEMIs (95%CI:�134, �16, Suppl. Tables 3 and 4). During the same
time period, “Pays-de-la-Loire” experienced 382 COVID-19-related
deaths.
rol period in « Hauts-de-France » and in « Pays de la Loire » Provinces.

« Pays de la Loire » Province

Control period
(2019)

Study period
(2020)

I MI (n) MI (n) Difference 95%CI

154] 581 608 27 [�41; 95]
42] 98 94 �4 [�32; 24]
56] 105 101 �4 [�33; 25]
23] 80 88 8 [�18; 34]
�5] 91 84 �7 [�33; 19]
�42] 86 72 �14 [�39; 11]
; �68] 96 72 �24 [�50; 2]
�6] 91 68 �23 [�48; 2]
8] 98 75 �23 [�49; 3]
3] 94 59 �35 [�60; �10]
27] 85 95 10 [�17; 37]
39] 97 73 �24 [�50; 2]
26] 92 87 �5 [�32; 22]
29] 87 87 0 [�26; 26]
; �85] 1781 1663 �118 [�234; �2]

; �213] 917 772 �145 [�226; �64]
; �181] 739 601 �138 [�210; �66]

January, Mar: March, MI: myocardial infarction.



Fig. 1. Myocardial infarction incidence rate ratio, COVID-19-related death toll and cumulative number of Myocardial Infarction missing compared to same period in 2019.
A): Haut-de-France province B): Pays-de-Loire province.
COVID-19: coronavirus disease 2019; n=number.
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More specifically, from January1-to-May-17, a total of 1663
patients were referred for MIs compared to 1781 in 2019 correspond-
ing to a 7% decline of IR (IRR=0.93; 95%CI:0.87�0.99, p=0.034, Table 1).
It declined slowly after the beginning of the lockdown (March 10), to
peak at the 4th week (IRR=0.63; CI:0.45�0.87, p=0.005) and recov-
ered gradually by the end of the lockdown (Table 1 and Fig. 1).

3.4. In-hospital mortality

Overall, combining data of the 2 provinces, in-hospital mortality
of patients admitted with acute MI increased during the national
lockdown (March 18�May 10), as compared to the same period of
the previous year (77/1525, 5.0% vs 67/1935, 3.4%, p=0.02, Suppl
Table 5). A similar trend was observed in patients admitted with
STEMI (50/548, 9.1% vs 45/722, 6.2%, p=0.05, Suppl Table 5) or
NSTEMI (27/977, 2.8%, vs 22/1213, 1.8%, p=0.13, Suppl Table 5), and
in each of the 2 provinces individually (Suppl. Table 5).
4. Discussion

The present study is the first to report the MI admission incidence
in two provinces unevenly affected by COVID-19 and representing 1/
7 of French population. It is also the first to include all centers with
PCI facilities of a territory and to match information on the absolute
incidence of MI and of COVID-19 death.
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The main results are the following: i) a significant decline of
admission for MIs (including STEMI and NSTEMI) was observed dur-
ing COVID-19 outbreak and particularly during national lockdown; ii)
This reduction was similar in magnitude (�23% and �19%) but with a
different temporal pattern in the 2 provinces, iii) In the province the
least affected, the number of missing MIs was disproportionately
higher compared to COVID-19-related fatalities (138/382=36% in
“Pays-de-la-Loire” vs 272/1500=18% in “Hauts-de-France” ); iv) This
reduction was not sustained over the full duration of the national
lockdown; v) Percent in-hospital mortality of admitted MIs was
increased during the national lockdown period.

A reduction of MI admission of approximately 20% was observed
in both provinces throughout the national lockdown. It affected both
MI subtypes (STEMI and NSTEMI) with a similar magnitude. In
“Hauts-de-France” , the reduction started suddenly 1 week before
the official lockdown and was reversed after 6 weeks, still within the
lockdown period. In “Pays-de-la-Loire”, the decrease started with the
lockdown. It was also more progressive and more prolonged with a
nadir at the 6th week of the lockdown.

The present report provides the best effort to date to collect all
MIs occurring during lockdown in a large territory hit by COVID-19.
The drop of MIs (�20%) observed in “Hauts-de-France” and “Pays-
de-la-Loire”, and obtained by collecting information of all centers
with PCI facilities in the two regions, is much lower than the 30%
drop recently reported in a sample of 22 centers disseminated on the
French territory, but all located in very large cities [9]. Interestingly,
the drop of MIs observed in the largest city of each Province that we
studied (Lille, in “Hauts-de-France” and Nantes, in “Pays-de-la-
Loire”) was also ��30%. Altogether, this may suggest that studies
involving only centers located in large cities may overestimate the
true drop of MIs by counting as missing MIs those occurring in sub-
jects who have moved to the countryside at the time of the lockdown
[10] and have been managed by a center located in a different city.

Several studies have already reported a decrease of admission for
MI during COVID outbreak. Four mains hypotheses have been gener-
ated so far to explain this phenomenon [1,3]: i) environmental
improvement: reduction of air pollution, home rest, reduction of
daily stressful commute, better medication adherence; ii) disorgani-
zation of the overloaded emergent healthcare system: inability to
make an effective triage of the patients with MI amid the surge of
COVID-19 patients; iii) Changes in MI management: more frequent
medical management or fibrinolytic therapy administration; iv) com-
bination of rigorous health public policy promoting social isolation,
stay-at-home order, and the fear to contract virus in hospitals would
have made patients reluctant to seek for medical care.

The hypothesis of an environmental improvement is not sup-
ported by our study since the recovery of the MI rate occurred way
before the end of the lockdown in the “Hauts-de-France” province.
Healthcare system disorganization or management changes are also
unlikely as the drop in MIs was very similar (�23% and �19%) in 2
provinces with a very different prevalence of the COVID-19 outbreak.

The main cause of MI reduction was probably the patients’ fear of
seeking care. This behavior seems driven by the progression of the
pandemic and worsened by the national health policy decisions of
rigorous lockdown in which social distancing was mandatory, all
non-essential trips from home were banned and people were unable
to leave their homes without a signed and dated permission form.
The importance of such behavior changes is also supported by the
observation that a faster normalization of MI incidence was observed
in the province (Hauts-de-France) in which, in addition to national
communications, a large local media campaign was conducted by
healthcare workers. A potential positive impact of wide media cam-
paign has also been suggested in the United States to explain regional
differences in the "recovery" of STEMI admissions [7].

The higher percent in-hospitality mortality of MIs admitted dur-
ing national lockdown is an interesting observation. As the
proportion of patients referred to coronary angiography was not
decreased during that period, it could reflect an overall a higher pro-
portion of patients being at “high risk” among those admitted and/or
further time delay in management leading to reperfusion [15].

Finally, our observation of a disproportion between the number of
“missing” MIs and the magnitude of the COVID-19 outbreak raises
concerns about the impact of indirect fatalities due to untreated MIs
versus direct COVID-19-related fatalities. Since the mortality of
untreated MI approximates 30�40% [16] and as 70% of the French
territory was, similar to “Pays-de-la-Loire” province, relatively spared
by COVID-19 (Supplemental figure), the observation that the number
of missing MIs represented nearly 40% of the COVID-related deaths in
that province may raise fears of a very heavy nationwide MI-related
death toll. Further studies will be needed to detect a potential resur-
gence of mechanical complications or heart failure [17,18] and
increase of cardio-vascular mortality as a consequence of COVID-19
outbreak-related lockdown.

4.1. Limitations

Our observational longitudinal study has several limitations and
remains hypothesis-generating. No definite causal inference can be
established through the temporality correlation between COVID-19
outbreak and MI reduction. We cannot rule out some degree of disor-
ganization of healthcare system to partially explain the phenomenon,
in particular, by saturation of the single emergency phone number
“15”. However, none of these 2 provinces has been flooded by
COVID-19 outbreak and the acute-care bed capacity was preserved
(“Hauts-de-France” has been able to receive patients transferred
from Paris or Eastern provinces). We were also unable to report the
rate of fibrinolytic administration and therefore we cannot rule out
the possibility of practice changes during this period. However, all
the centers maintained 24/7 PCI-capabilities without modification of
the MI management strategy as recommended by the French inter-
ventional cardiology scientific society still prioritizing primary percu-
taneous coronary interventions [12].
5. Conclusion

This study highlights one of the potential collateral damages of
COVID-19 outbreak on cardiovascular health with a dramatic reduc-
tion of MI incidence, probably mainly driven by a self-limitation of
access to care from patients that has been worsened by a country-
wide lockdown. When conducting observational studies on the
impact of COVID-19 outbreak on the incidence of MI admission, this
report advocates for inclusion of all “contiguous” centers of the stud-
ied territory to be studied in order to have a more accurate estima-
tion of the true rate of (missing) MIs. It also advocates for a careful
and weighted communication strategy in pandemic crises to prevent
exacerbation of an unreasonable fear of seeking medical care and
keep providing optimal medical care for all high acuity patients.
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