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Summary
Background.  —  Systems  of  care  have  been  challenged  to  control  progression  of  the  COVID-19
pandemic. Whether  this  has  been  associated  with  delayed  reperfusion  and  worse  outcomes  in
French patients  with  ST-segment  elevation  myocardial  infarction  (STEMI)  is  unknown.
Aim. —  To  compare  the  rate  of  STEMI  admissions,  treatment  delays,  and  outcomes  between  the
first peak  of  the  COVID-19  pandemic  in  France  and  the  equivalent  period  in  2019.
Methods. —  In  this  nationwide  French  survey,  data  from  consecutive  STEMI  patients  from  65
centres referred  for  urgent  revascularization  between  1  March  and  31  May  2020,  and  between
1 March  and  31  May  2019,  were  analysed.  The  primary  outcome  was  a  composite  of  in-hospital
death or  non-fatal  mechanical  complications  of  acute  myocardial  infarction.
Results.  —  A  total  of  6306  patients  were  included.  During  the  pandemic  peak,  a  13.9  ±  6.6%
(P =  0.003)  decrease  in  STEMI  admissions  per  week  was  observed.  Delays  between  symptom  onset
and percutaneous  coronary  intervention  were  longer  in  2020  versus  2019  (270  [interquartile
range 150−705]  vs  245  [140−646]  min;  P  =  0.013),  driven  by  the  increase  in  time  from  symptom
onset to  first  medical  contact  (121  [60−360]  vs  150  [62−420]  min;  P  =  0.002).  During  2020,  a
greater number  of  mechanical  complications  was  observed  (0.9%  vs  1.7%;  P  =  0.029)  leading
to a  significant  difference  in  the  primary  outcome  (112  patients  [5.6%]  in  2019  vs  129  [7.6%]
in 2020;  P  =  0.018).  No  significant  difference  was  observed  in  rates  of  orotracheal  intubation,
in-hospital  cardiac  arrest,  ventricular  arrhythmias  and  cardiogenic  shock.

34
1



G.  Bonnet,  V.  Panagides,  M.  Becker  et  al.

Conclusions.  —  During  the  first  peak  of  the  COVID-19  pandemic  in  France,  there  was  a  decrease
in STEMI  admissions,  associated  with  longer  ischaemic  time,  exclusively  driven  by  an  increase
in patient-related  delays  and  an  increase  in  mechanical  complications.  These  findings  suggest
the need  to  encourage  the  population  to  seek  medical  help  in  case  of  symptoms.
© 2021  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Contexte.  —  Les  systèmes  de  santé  à  travers  le  monde  ont  été  fortement  mis  à  l’épreuve  afin
de contrôler  la  progression  de  l’épidémie  de  la  COVID-19.  L’éventualité  que  la  réorganisation
des soins  ait  pu  influencer  les  délais  de  rereperfusion  ou  le  devenir  des  patients  présentant  des
syndromes  coronaires  aigus  avec  sus-décalage  du  segment  ST  (SCA  ST  +  )  n’a  pas  été  explorée
en France.
Objectif.  —  Comparer  le  taux  d’admissions  pour  SCA  ST+,  les  délais  de  traitement  et  enfin  le
devenir de  ces  patients  entre  la  première  vague  épidémique  de  la  COVID-19  et  pendant  la
période similaire  en  2019.
Méthodes.  —  Dans  ce  registre  national  multicentrique,  les  patients  avec  SCA  ST+  provenant  de
65 centres  français  admis  en  urgence  pour  revascularisation  entre  le  1e mars  et  le  31  mai  2020
et entre  le  1e mars  et  le  31  mai  2019  ont  été  analysés.  Le  critère  de  jugement  principal  était
un critère  composite  regroupant  la  mortalité  intrahospitalière  toute  cause  confondue  et  les
complications  mécaniques  en  lien  avec  l’infarctus.
Résultats.  —  Un  total  de  6306  patients  ont  été  inclus.  Pendant  le  pic  de  la  pandémie  une  réduc-
tion de  13,9  ±  6,6  %  (P  =  0,003)  des  admissions  pour  SCA  ST+  a  été  observée  par  semaine.  Les
délais entre  l’apparition  des  symptômes  et  l’angioplastie  percutanée  était  significativement
augmentés  270  (150−705)  versus  245  (140−646)  minutes  (P  =  0,013).  Cette  augmentation  était
exclusivement  liée  à  une  augmentation  du  temps  entre  l’apparition  des  symptômes  et  le  pre-
mier contact  médical  121  (60−360)  en  2019  versus  150  (62−420)  minutes  en  2020  (P  =  0,002).
Durant cette  période  a  été  constaté  un  plus  grand  nombre  de  complications  mécaniques  (0,9  %
vs 1,7  %  (P  =  0,029)  conduisant  à  une  augmentation  significative  de  notre  critère  de  jugement
principal 112  patients  (5,6)  en  2019  vs  129  (7,6  %)  en  2020  (P  =  0,018).
Conclusions.  —  Pendant  le  premier  pic  de  la  pandémie  il  a  été  constaté  :  une  diminution  du  taux
de SCA  ST  +  associé  à  un  temps  d’ischémie  prolongé,  poussé  par  l’augmentation  du  temps  entre
l’apparition  des  symptômes  et  le  premier  contact  médical  et  enfin  un  plus  grand  nombre  de
complications  mécaniques.  Ces  observations  suggèrent  la  nécessité  d’encourager  la  population
à consulter  au  moindre  symptôme  inquiétant.
© 2021  Elsevier  Masson  SAS.  Tous  droits  réservés.
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he  COVID-19  pandemic  remains  active  worldwide.  The
umber  of  new  cases  continues  to  rise  in  many  countries,
one  of  which  have  yet  managed  to  definitely  restrain  its  cir-
ulation.  At  the  early  phase  of  the  pandemic,  during  the  first
eak,  the  French  government  imposed  a  strict  and  complete
ockdown  on  the  country’s  entire  population  from  17  March
o  10  May  2020  to  control  the  spread.  People  were  required
o  stay  at  home  and  any  unjustified  outings  were  forbid-
en.  These  rules  were  applied  uniformly  to  all  regions  of
rance,  regardless  of  their  respective  pandemic  levels.  Dur-
ng  the  lockdown  period,  systems  of  care  were  reorganized
n  an  effort  to  preserve  hospital  bed  capacity  for  COVID-19
atients,  and  to  prevent  exposure  of  others  to  the  hospital

nvironment.

Several  publications  have  demonstrated  a  reduction  in
dmissions  for  myocardial  infarction  during  this  critical
eriod  in  a  few  centres  in  France  [1]  and  worldwide  [2—6].
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lteration  of  the  healthcare  network  and  conflicting  mes-
ages  to  the  population  from  the  authorities  and  media  have
een  proposed  as  potential  explanations  [7].  On  another
ote,  an  increase  in  treatment  delay  was  described  in  a  pre-
iminary  study  from  Hong  Kong,  which  raises  concerns  about
otential  implications  of  delayed  treatment  of  myocardial
nfarction  [8]  and  risk  of  mechanical  complications  [9].  This
ncrease  in  treatment  delay  may  have  modified  the  pre-
entation  of  infarct  during  this  period,  and  might  lead  to
he  reappearance  of  mechanical  complications  that  have
ecome  increasingly  rare  in  recent  decades  [10].  Moreover,
ome  clinical  cases  suggested  a  worse  prognosis  in  STEMI
atients  with  COVID-19  [11].  However,  studies  investigating
utcomes  in  STEMI  patients  during  this  period  and  the  evolu-
ion  of  admission  following  the  lockdown  period  are  scarce
12,13].  The  aim  of  this  study  was  to  evaluate  the  rate  of
TEMI,  delays  to  treatment,  and  in-hospital  outcomes  dur-
ng  the  period  encompassing  the  lockdown  in  French  regions

ariously  affected  by  the  outbreak.
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tudy design

he  Myocardial  Infarction  Rate  Overview  during  the  COVID-
9  Pandemic  in  France  (MODIF)  survey  is  a  nationwide,
etrospective,  observational  study  involving  65  public  and
rivate  interventional  cardiology  centres  across  12  contigu-
us  regions  in  France  and  a  French  island  in  the  Indian
cean,  La  Réunion  (Table  A.1).  The  registry  was  initiated  by
he  French  Society  of  Cardiology  and  endorsed  by  the  Coro-
ary  Atheroma  and  Interventional  Cardiology  Group  (Groupe
therome  Coronaire  et  Cardiologie). Despite  hospital  reor-
anization,  all  catheterization  centres  have  been  able  to
ontinue  their  activity,  contrary  to  other  countries  that
ad  to  designate  regional  hub-and-spoke  centres  [14].  This
urvey  included  all  consecutive  patients  with  ST-segment
levation  myocardial  infarction  (STEMI),  defined  according
o  the  European  Society  of  Cardiology  [15],  referred  for
rgent  revascularization  to  the  heart  catheterization  lab-
ratory  in  two  periods:  1  March  to  31  May  2019  and  1  March
o  31  May  2020.  Patients  with  delayed  presentation  with
riteria  for  revascularization  were  included  in  the  analy-
is.

The  MODIF  survey  was  declared  to  the  French  data
rotection  committee  (Commission  Nationale  Informatique
t  Liberté,  MR0617050520),  was  registered  on  the  clinical
rial  website  ClinicalTrials.Gov  (NCT04357314)  and  was  con-
ucted  in  accordance  with  the  ethical  standards  laid  down  in
he  1964  Declaration  of  Helsinki  and  its  later  amendments.
he  authors  had  full  access  to  and  take  full  responsibility  for
he  integrity  of  the  data.

ata collection

ll  data  were  collected  by  local  investigators  in  an  elec-
ronic  case  report  form  via  REDCap  software  (Research
lectronic  Data  Capture,  Vanderbilt  University)  hosted  by

 secured  server  from  the  French  Institute  of  Health
nd  Medical  Research  at  the  Paris  Cardiovascular  Research
enter.  Patient  demographics  including  age,  body  mass

ndex  (BMI)  and  sex  were  obtained.  Underlying  cardio-
ascular  risk  factors  or  previous  coronary  disease  present
n  patients’  electronic  health  records  were  collected.
dditional  data  included  delays  to  percutaneous  coronary

ntervention  (PCI)  and  infarction  complications  during  hos-
italization.

Collection  of  information  on  the  number  of  COVID-19  hos-
italizations  was  done  using  the  government’s  official  public
ebsite  to  analyse  our  results  in  relation  to  the  number  of
ospitalizations  in  France  [16].

omparisons between periods

his  study  aimed  to  describe  two  years,  divided  into  three
eriods:  the  pre-lockdown  period  from  1  to  16  March

020,  the  lockdown  period  from  17  March  to  10  May  2020,
nd  the  post-lockdown  period  from  11  to  31  May  2020.
ach  period  was  compared  with  the  equivalent  periods  in
019.
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omparisons between regions

ublic  data  published  by  the  French  government  and  Santé
ublique  France  have  defined  the  regions  highly  affected
y  the  COVID-19  pandemic  in  relation  to  the  number  of
ases  diagnosed,  the  number  of  patients  hospitalized,  and
he  number  of  deaths  in  relation  to  the  population  density
nd  the  healthcare  structures  [17]. For  information,  these
egions  had  more  than  200,000  cumulative  patient-days  of
ospitalization  due  to  COVID-19  over  the  3  months.

tudy outcomes

he  primary  composite  outcome  was  in-hospital  death  from
ll  causes  or  mechanical  complications  of  acute  myocar-
ial  infarction.  In-hospital  mechanical  complications  were
efined  as  any  of  the  following  events:
post-myocardial  infarction  spontaneous  rupture  of  the
myocardium,  defined  by  echocardiography  supplemented
by  a  cardiac  computed  tomography  scan  in  the  event  of
diagnostic  suspicion,  according  to  the  area  of  the  myocar-
dial  rupture  [15];
free  wall  rupture;
acute  ischaemic  mitral  regurgitation  due  to  papillary  mus-
cle  rupture;
ventricular  septal  rupture.  Secondary  outcomes  included
STEMI  admission  rates,  delay  from  symptom  onset  to
STEMI  diagnosis,  delay  from  symptom  onset  to  primary
PCI,  and  in-hospital  outcomes,  including  orotracheal
intubation,  cardiogenic  shock,  arrhythmias  (ventricular
tachycardia  or  ventricular  fibrillation)  and  in-hospital  car-
diac  arrest.

tatistical analysis

ategorical  data  are  reported  as  counts  and  percentages.
ontinuous  data  are  reported  as  mean  ±  standard  devi-
tion  (SD)  for  normally  distributed  data  and  as  median
interquartile  range  [IQR])  for  non-normally  distributed
ata.  Comparisons  used  the  chi-squared  test  or  Fisher’s
xact  test  for  categorical  variables  and  Student’s  t  test  or
he  Mann—Whitney—Wilcoxon  test,  as  appropriate,  for  con-
inuous  variables.

We  analysed  rates  of  STEMI  between  2019  and  2020  and
easured  SD  rates  per  week,  and  compared  them,  strat-

fying  by  periods,  using  the  Mann-Whitney-Wilcoxon  test.
emporal  trend  of  rates  was  assessed  using  the  chi-squared
est  for  trend  in  proportion,  also  known  as  the  Cochran-
rmitage  trend  test.

Logistic  regression  analysis  was  applied  to  identify
arameters  associated  with  the  primary  composite  outcome
uring  the  lockdown  period  in  2020  and  the  same  period  in
019.

In  univariate  analysis,  parameters  were  selected  from
he  results  of  bivariate  analyses  (variables  with  P  <  0.1).
he  final  multivariable  model  was  selected  using  a  step-
ise  backward  selection,  with  final  selection  based  on  the
ost  favourable  goodness-of-fit  measures  (Akaike  informa-
ion  criterion).
A  2-tailed  P  <  0.05  was  considered  statistically  significant.

ll  data  were  analysed  using  R  software,  version  3.6.3  (R
roject  for  Statistical  Computing,  Vienna,  Austria).
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esults

tudy population

he  study  population  comprised  6306  patients  admitted  for
TEMI  during  2019  and  2020.  Mean  age  was  64.2  ±  13.5  years
nd  75.7%  were  male  (Table  1).  There  was  a  high  rate  of
igh-risk  cardiovascular  risk  factors  including  hypertension
45.2%),  active  smoking  (40.5%),  dyslipidaemia  (34.1%)  and
iabetes  (19.3%).  Initial  presentation  was  cardiac  arrest  for
59  (7.3%)  patients.  The  majority  of  patients  were  admit-
ed  to  the  catheterization  laboratory  through  the  French
rehospital  emergency  medical  assistance  service  (Service
’aide  médicale  urgente)  network  (62.7%)  or  via  the  emer-
ency  ward  (34.2%).  Median  duration  of  hospitalization  was  5
ays  (interquartile  range  3−7).  Regarding  reperfusion  ther-
py,  249  (4.0%)  patients  received  fibrinolysis,  and  coronary
ngioplasty  with  stent  implantation  was  performed  in  84.0%
f  patients.  Ultimately,  the  overall  death  rate  during  hospi-
alization  was  5.9%  (370  deaths).

Among  the  606  patients  initially  suspected  of  having
OVID-19  before  catheterization  laboratory  admission  and
equiring  specific  precautions  during  the  intervention,  58
ases  were  confirmed  with  a  positive  test  result  on  reverse
ranscriptase  polymerase  chain  reaction  (1.97%  of  the  study
opulation).  In  this  subgroup,  mortality  was  27.6%  (16
eaths)  and  mechanical  complications  were  reported  in  5.2%
3  patients),  leading  to  a  27.6%  primary  outcome  rate.

volution of STEMI admission rate

uring  the  months  of  March,  April  and  May,  3055  patients
ere  admitted  in  2020  versus  3251  in  2019.  Baseline  char-
cteristics  are  roughly  balanced  between  the  2  years,  except
or  the  sex  category,  with  fewer  men  in  2019  compared
ith  2020  (74.3%  vs  77.1%;  P  =  0.012).  As  illustrated  in
ig.  1,  a  drop  in  STEMI  admissions  per  week  during  the
ockdown  period  was  observed  in  2020  compared  with  2019
n  =  1706  vs  n  =  2005,  respectively;  −13.9  ±  6.6%;  P  =  0.003)
aralleling  the  increase  in  the  number  of  hospitalized
OVID-19  patients.  This  decrease  in  STEMI  admission  rates
as  balanced  by  a  trend  for  an  augmentation  in  STEMI
dmission  rates  during  the  pre-  and  post-lockdown  period
pre-lockdown  2020  n  =  591  vs  2019  n  =  556,  +7.5  ±  4.0%,

 =  0.41;  and  post-lockdown  2020  n  =  758  vs  2019  n  =  690,
6.6  ±  5.8%  respectively,  P  =  0.20).

isparity during pre-lockdown and
ost-lockdown periods

uring  the  pre-lockdown  period,  no  differences  concerning
elays,  infarction  complications  or  outcomes  were  found
etween  2019  and  2020  (Table  A.2).  During  the  lock-
own  period,  a  significant  increase  in  total  ischaemic  time,
efined  as  the  delay  between  symptom  onset  and  reperfu-
ion  therapy,  was  observed:  270  min  (IQR  150−705)  in  2020
ersus  245  min  (IQR  140−646) in  2019  (P  =  0.013)  (Table  2).
his  was  driven  exclusively  by  the  observed  increase  in

edian  patient-related  time,  defined  as  the  delay  between

ymptom  onset  and  first  medical  contact  (FMC):  150  min
IQR  62−420)  in  2020  versus  121  min  (IQR  60−360)  in  2019
P  =  0.002)  (Fig.  2).  Median  physician-related  time,  defined

d
(
(
m
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s  the  time  between  FMC  and  primary  PCI,  did  not  differ
etween  the  two  periods:  87  min  (IQR  55−169)  versus  87  min
IQR  53−165)  in  2019  (P  =  0.78).

During  the  post-lockdown  period,  there  was  no  difference
n  total  ischaemic  delay  between  2020  and  2019:  260  min
IQR  148−683)  in  2020  versus  244  min  (IQR  137−579)  in  2019.
nly  an  increase  in  delays  between  symptom  onset  and  FMC
as  observed:  120  min  in  2019  (IQR  60−330)  versus  150  min

n  2020  (IQR  60−420)  (P  =  0.034)  (Table  A.3).
In  an  analysis  comparing  regions  with  high  and  low  lev-

ls  of  the  epidemic  during  the  lockdown  period  (Table  3),
atient-related  delays  between  symptom  onset  and  FMC
ere  significantly  increased  in  both  regions;  physician-

elated  delays  between  FMC  and  primary  PCI  were  not
ignificantly  increased  in  either  region.  During  the  same
eriod,  the  length  of  hospitalization  was  shorter  in  highly
ffected  regions  (6.4  vs  5.7  days;  P  =  0.010),  while  there  was
o  difference  in  slightly  affected  regions  (6.3  vs  6.0  days;

 =  0.35)  (Table  A.4).

utcomes during the lockdown period

uring  the  lockdown  period,  a  significant  increase  was
bserved  in  the  primary  outcome  of  in-hospital  death  or
echanical  complications  (P  =  0.018),  with  a  significant

ncrease  in  the  rate  of  mechanical  complications  (0.9%  in
019  vs  1.7%  in  2020;  P  =  0.029)  and  a  numerical  increase
n  in-hospital  death  (5.3%  vs  6.5%,  respectively;  P  =  0.15)
Table  2).  Compared  to  non-complicated  patients,  patients
ith  mechanical  complications  had  a  longer  median  delay
etween  symptom  onset  and  primary  PCI  (390  min  in  2020
s  150  min  in  2019;  P  <  0.001)  and  a  higher  death  rate  (34.5
s  6.0%  respectively;  P  <  0.001)  (Table  A.5).  Patients  with  a
echanical  complication  had  a  significantly  increased  risk

f  death  (odds  ratio  [OR]  15.8,  95%  confidence  interval  [CI]
0.2−24.5;  P  <  0.001).  No  difference  was  observed  in  the
ates  of  orotracheal  intubation,  in-hospital  cardiac  arrest,
entricular  arrhythmias  and  cardiogenic  shock  (Table  3).

nivariate and multivariable analysis of the
rimary outcome

n  the  univariate  analysis  (Table  A.6),  during  the  lockdown
eriod  from  17  March  to  10  May  2020  and  the  same  period
n  2019,  we  identified  several  significant  variables  related
o  the  primary  outcome:  female  sex,  age,  active  smoking,
ypertension,  diabetes,  cardiovascular  heredity,  peripheral
rtery  disease,  stroke,  ischaemic  cardiopathy,  initial  car-
iac  arrest,  mode  of  arrival,  delay  between  symptom  onset
nd  FMC,  total  ischaemic  time,  primary  PCI,  haemoglobin
oncentration,  impaired  renal  function,  higher  C-reactive
rotein  concentration,  impaired  ejection  fraction,  left  ven-
ricular  aneurysm,  medical  treatment  and  balloon  coronary
ngioplasty  with  no  stent  implantation  (P  <  0.05  for  all).

In  multivariable  analysis,  independent  factors  associated
ith  the  primary  outcome  were  age  (P  <  0.001),  female  sex

P  =  0.037),  diabetes  (P  =  0.045),  previous  coronary  artery

isease  (P  =  0.009),  cardiac  arrest  as  initial  presentation
P  <  0.001),  time  between  symptom  onset  and  primary  PCI
P  =  0.001)  and  the  lockdown  period  (P  =  0.008),  with  adjust-
ent  for  previous  peripheral  artery  disease  (Fig.  3).
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Table  1  Comparison  of  the  patient  characteristics,  delays  to  treatment,  management  and  outcomes  of  patients  with
STEMI  referred  for  urgent  revascularization  between  1  March  and  31  May  in  2019  and  in  2020  (n  =  6306).

Variable  N  Overall
population
(n  =  6306)

2019
(n  =  3251)

2020
(n  =  3055)

P

Demographics
Male  sex  6306  4775  (75.7)  2505  (77.1)  2270  (74.3)  0.012
Age,  years  6303  64.2  (13.5)  64.0  (13.6)  64.4  (13.5)  0.34
Body  mass  index,  kg/m2 5951  26.9  (6.03)  26.9  (6.59)  26.8  (5.37)  0.33

Cardiovascular  risk  factors
Active  smoking  6053  2450  (40.5)  1270  (41.1)  1180  (39.8)  0.30
Diabetes  6297  1217  (19.3)  626  (19.3)  591  (19.4)  0.98
Hypertension  6296  2848  (45.2) 1476  (45.5)  1372  (44.9)  0.67
Dyslipidaemia  6286  2142  (34.1)  1108  (34.2)  1034  (33.9)  0.83
Family  history  of  CAD  6290  1162  (18.5)  608  (18.8)  554  (18.2)  0.55

Comorbidities
Peripheral  artery  disease  6294  267  (4.2)  135  (4.2)  132  (4.3)  0.80
Stroke  6295  268  (4.3)  130  (4.0)  138  (4.5)  0.34
Previous  CAD  6295  890  (14.1)  464  (14.3)  426  (14.0)  0.73

Presentation
Initial  cardiac  arrest  6296  459  (7.3)  243  (7.5)  216  (7.1)  0.58
Mode  of  arrival  6304  0.035

SAMU  network  3950  (62.7)  2022  (62.2)  1928  (63.1)
Emergency  ward  2159  (34.2)  1142  (35.1)  1017  (33.3)
In-hospital  transfer  195  (3.1)  85  (2.6)  110  (3.6)

Delays,  min
Symptom  onset  to  first
medical  contact

5908 136
(60.0—387)

125
(60.0—360)

150
(60.0—420)

0.001

First  medical  contact  to
primary  PCI

5969 85.0
(54.0—164)

85.0
(53.0—168)

85.0
(55.0—160)

0.73

Symptom  onset  to  primary
PCI

6185 254  (145—660)  245  (140—650)  260  (150—684)  0.04

Duration  of  hospitalization,
days

5903  5  (3—7) 5  (3—7)  4  (3—6)  <0.001

Thrombolytic  therapy  6299  249  (4.0)  133  (4.1)  116  (3.8)  0.59
Successful  thrombolysisa 243  150  (61.7)  73  (55.7)  77  (68.8)  0.051

Treatment  during
angiography

6306  0.11

Angioplasty  with  stent  5295  (84.0)  2744  (84.4)  2551  (83.5)
No  PCI  653  (10.4)  323  (10.0)  330  (10.8)
Balloon  angioplasty  alone  132  (2.1)  58  (1.8)  74  (2.4)

Initial  laboratory  tests
Leucocytes  (g/L)  5971  13.9  (168)  16.0  (234)  11.6  (4.49)  0.30
Haemoglobin  (g/dL)  5990  14.1  (2.5)  14.1  (1.8)  14.1  (3.0)  0.75
GFR  (mL/min/m2)  6005  87.9

(69.6—105)
87.3
(69.8—105)

88.6
(69.5—105)

0.56

C-reactive  protein  (mg/L)  5174  4.00
(2.00—12.0)

4.10
(2.00—12.0)

4.00
(1.80—12.0)

0.06

Troponin  elevation  ×  URL
median

5890  40.1
(4.84—248)

42.5
(4.64—267)

38.7
(5.07—231)

0.77

Echocardiographic
characteristics
LVEF  (%)  5931  49.1  (11.1)  49.1  (11.2)  49.0  (11.1)  0.66
Impaired  LVEF 5931  2391  (40.3)  1240  (40.5)  1151  (40.1)  0.82
Left  ventricular  aneurysm 6306  30  (0.5)  11  (0.3)  19  (0.6)  0.15
Intraventricular  thrombus 6306  82  (1.3)  36  (1.1)  46  (1.5)  0.20
34
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Table  1  (Continued)

Variable  N  Overall
population
(n  = 6306)

2019
(n  =  3251)

2020
(n  =  3055)

P

Mechanical  complications
Free  wall  rupture  6306  48  (0.8)  17  (0.5)  31  (1.0)  0.036
Acute  ischaemic  mitral
regurgitation

6306 17  (0.3)  9  (0.3)  8  (0.3)  0.91

Ventricular  septal  rupture 6306  24  (0.4)  8  (0.3)  16  (0.5)  0.113
Composite  primary
outcome

6306  415  (6.6) 194  (6.0) 221  (7.2)  0.048

All-cause  in-hospital  death  6306  370  (5.9)  184  (5.7)  186  (6.1)  0.50
Mechanical  complications  6306  86  (1.4)  31  (1.0)  55  (1.8)  0.005

Complications  during
hospitalization
Orotracheal  intubation 6157  567  (9.2) 293  (9.1)  274  (9.3)  0.85
Cardiac  arrest 6306  362  (5.7) 190  (5.8) 172  (5.6)  0.76
Ventricular
tachycardia/fibrillation

6306  276  (4.4) 139  (4.3) 137  (4.5) 0.73

Cardiogenic  shock  6306  434  (6.9)  221  (6.8)  213  (7.0)  0.82

Data are expressed as absolute number (%), median (IQR), or mean (SD). CAD: coronary artery disease; GFR: glomerular filtration rate;
LVEF: left ventricular ejection fraction; IU: international unit; SAMU: service d’aide médicale urgente (emergency medical assistance
service); SD: standard deviation; STEMI: ST-elevation myocardial infarction; URL: upper reference limit.
a Defined as the presence of at least two of the following criteria 2 hours after thrombolytic treatment: (1) significant relief of pain (a
5-point reduction on a 1—10 subjective scale); (2) ≥ 50% reduction of sum of ST-segment elevation; and (3) abrupt initial increase in
creatine kinase concentration (more than twofold over the upper-normal or baseline elevated values).

Figure 1. Admission rates for STEMI before, during and after the lockdown period in French centres in 2020 and during the same period in
2019, in relation to the rate of hospitalizations for COVID-19. The blue and red curves represent the weekly admission rates for STEMI from
1 March to 31 May in 2019 and 2020, respectively. The green curve represents the number of hospitalizations with the diagnosis of COVID-19
in France, based on public data given by the French government and ‘‘Santé Publique France’’. The blue vertical bars define the lockdown
period from 17 March to 10 May 2020. PCI: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction.
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Table  2  Delays  in  care  between  regions  slightly  and  highly  affected  by  the  epidemic,  between  17  March  and  10  May
(the  lockdown  period  in  2020)  in  2019  and  in  2020.

Variable  Slightly  affected  regions
(n  =  2158)

Highly  affected  regionsa

(n  =  1553)

2019
(n  =  1179)

2020
(n  =  979)

P  2019
(n  =  826)

2020
(n  =  727)

P

Delays,  min
Symptom  onset  to  first

medical  contact
122
(60—60)

144
(65—410)

0.042 120
(60—360)

172
(60—450)

0.013

First  medical  contact  to
primary  PCI

96
(60—181)

95
(60—190)

0.98 75
(45—148)

75
(50—145)

0.49

Symptom  onset  to  primary
PCI

252
(146—669)

266
(151—715)

0.21 240
(133—611)

276
(150—702)

0.019

Duration  of  hospitalization,
days

6.3  (5.5)  6.0  (5.5)  0.35  6.4  (5.7)  5.7  (5.4)  0.010

Values are mean ± SD, or median (interquartile range). PCI: percutaneous coronary intervention, STEMI: ST-elevation myocardial
infarction.
a Regions with a median threshold of > 200,000 patient-days of cumulative hospitalization caused by COVID-19 over the 3-month period
were considered to be highly affected by the COVID-19 epidemic.

Figure 2. Treatment delays according to time of admission from 17 March to 10 May 2020 in 2020 and in 2019. The different medians of
delay are represented over the same period from 17 March to 10 May, comparing 2019 and 2020. The orange bars represent patient-related
times and the blue bars physician-related times.
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iscussion
he  key  findings  of  this  nationwide  observational  study,  sup-
orted  by  the  French  Society  of  Cardiology  and  including
306  patients  with  STEMI  across  65  French  centres  are,

r
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 multivariable analysis (n = 3610). Multivariable analysis performed
2020 (lockdown period) (1645 patients).

rst,  during  the  lockdown  period  corresponding  to  the  first
eak  of  the  COVID-19  pandemic  in  France,  STEMI  admission

ates  decreased  by  13.9%  compared  with  the  same  period
n  2019.  Second,  total  ischaemic  times  between  symptom
nset  and  primary  PCI  during  the  lockdown  period  2020
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Table  3  Comparison  of  the  presentation,  delays  to  treatment,  management  and  outcomes  of  patients  with  STEMI
referred  for  urgent  revascularization  between  17  March  and  10  May,  in  2019  and  in  2020  (the  period  of  lockdown  in
2020).

Variable 2019
(n =  2005)

2020
(n =  1706)

P

Initial  cardiac  arrest 141  (7.0) 106  (6.2) 0.36
Mode  of  arrival 0.47

SAMU  network  1226  (61.2)  1054  (61.8)
Emergency  ward  724  (36.1)  596  (34.9)
In-hospital  transfer  54  (2.7)  56  (3.3)

Delays
Time  between  symptom  onset  and  first  medical  contact,  min  121  (60—360)  150  (62—420)  0.002
Time  between  first  medical  contact  and  primary  PCI,  min  87  (53—165)  87  (55—169)  0.78
Time  between  onset  of  symptoms  and  primary  PCI,  min  245  (140—646)  270  (150—705)  0.013
Duration  of  hospitalization,  days  5.0  (3.0;7.0)  4.0  (3.0;6.0)  <  0.001

Thrombolytic  therapy  80  (4.0)  64  (3.8)  0.77
Successful  thrombolysis  44  (55.7)  39  (66.1)  0.29

Echocardiographic  characteristics
LVEF  (%)  49.3  (11.3)  49.1  (11.2)  0.61
Impaired  LVEF  767  (40.7)  636  (39.6)  0.54
Left  ventricular  aneurysm  9  (0.5)  8  (0.5)  0.93
Intraventricular  thrombus  24  (1.2)  25  (1.5)  0.57

Mechanical  complications
Free  wall  rupture  8  (0.4)  17  (1.0)  0.04
Acute  ischaemic  mitral  regurgitation  6  (0.3)  5  (0.3)  0.97
Ventricular  septal  rupture  3  (0.2)  7  (0.4)  0.20

Composite  primary  outcome  112  (5.6)  129  (7.6)  0.018
All-cause  in-hospital  death  106  (5.3)  110  (6.5)  0.15
Mechanical  complications  17  (0.9)  29  (1.7)  0.029

Complications  during  hospitalization
Orotracheal  intubation 171  (8.7)  151  (9.2)  0.63
Cardiac  arrest  111  (5.5)  99  (5.8)  0.78
Ventricular  tachycardia/fibrillation 77  (3.8)  82  (4.8)  0.17
Cardiogenic  shock 135  (6.7) 111  (6.5)  0.83

Data are expressed as absolute number (%), median (IQR), or mean (SD). GFR: glomerular filtration rate; LVEF: left ventricular ejection
fraction; IU: international unit; PCI: percutaneous coronary intervention, SAMU: Service d’aide médicale urgente (emergency medical
assistance service); SD: standard deviation; STEMI: ST-elevation myocardial infarction; URL: upper reference limit.
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ere  significantly  longer  compared  to  the  same  period  in
019,  driven  exclusively  by  an  increase  in  patient-related
elays  between  symptom  onset  and  FMC.  Third,  during  the
ame  period,  an  increase  in  all-cause  death  and  mechan-
cal  complications  was  observed.  Fourth,  our  observations
ere  consistent,  irrespective  of  the  level  of  the  pandemic.

ndeed,  we  performed  an  analysis  between  regions  that  were
lightly  or  highly  affected  by  the  spread  of  the  first  pan-
emic  wave.  The  lack  of  differences  between  suggests  that
hese  delays  were  unlikely  to  be  due  to  saturation  of  health-
are  services.  Fifth,  the  lockdown  period  in  2020  compared
ith  2019  was  independently  associated  with  the  primary
utcome  of  in-hospital  death  or  mechanical  complications
hen  adjusted  for  age,  sex,  diabetes,  previous  periph-
ral  artery  disease,  previous  ischaemic  cardiopathy,  cardiac
rrest  as  an  initial  presentation  and  delays.  Sixth,  dur-

ng  this  same  period,  there  was  no  difference  in  terms
f  physician-related  delay  (between  FMC  and  primary  PCI)
nd  reperfusion  strategies  (thrombolytic  therapy,  angio-
lasty  with  stent)  compared  with  2019.  These  elements

a
a
a
p

34
llustrate  the  particular  complexity  of  this  period  and  the
utstanding  questions  on  the  characteristics  of  STEMI  dur-
ng  the  first  wave,  which  can  be  further  investigated  in  our
nalysis.

Our  study  parallels  previous  observations  demonstrat-
ng  a  reduction  in  STEMI  admissions  during  the  period  of
ockdown  compared  with  the  same  period  in  2019  [2—6].
evertheless,  it  seemed  important  to  us  to  bring  further
lements  from  the  largest  French  cohort  on  this  subject,
ith  a  good  granularity  of  data  allowing  a  better  descrip-

ion  of  the  phenomena  already  described.  We  evidenced  a
ower  STEMI  decrease  than  the  38%  decrease  observed  in
arge  US  centres  during  the  initial  phase  of  the  epidemic
2].  This  survey  focused  only  on  STEMI  admissions  because
hey  seemed  less  subject  to  selection  bias.  It  is  interesting
o  note  that  in  an  Italian  registry,  the  decrease  in  STEMI

dmissions  was  less  (26.5%)  than  the  decrease  in  NSTEMI
dmissions  (65.1%)  [5]. This  difference  could  be  related  to

 more  brutal  and  painful  clinical  presentation  in  STEMI,
ushing  patients  to  seek  medical  assistance.  This  difference
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upports  the  theory  that  the  public’s  fear  of  hospitalization
uring  the  lockdown  period  is  the  reason  for  some  of  the
ecline  in  patients  admitted  for  myocardial  infarction  [18].
lthough  the  scope  of  the  present  work  was  not  to  iden-
ify  potential  mechanisms  leading  to  this  reduction,  some
ssumptions  may  be  made.  Inability  of  the  healthcare  sys-
em  to  adequately  deal  with  the  cases  can  probably  be
xcluded,  as  there  was  no  difference  in  this  study  between
ime  from  FMC  to  primary  PCI  compared  with  the  same
eriod  in  regions  affected  to  a  lesser  or  greater  extent  by  the
utbreak.  This  result  is  interesting  to  put  into  perspective
ith  data  reported  from  China,  where  STEMI  patients’  access

o  care  was  restricted,  increasing  the  rate  of  thrombolysis
nd  decreasing  the  rate  of  angioplasty  [19].  The  observed
ecrease  in  STEMI  admissions  was  global  and  independent  of
he  scale  of  the  epidemic  in  the  French  regions,  making  it
nlikely  that  the  saturation  of  healthcare  services,  including
mergency  services,  could  explain  the  observed  difference.
nwillingness  to  present  to  the  emergency  department  or
octor’s  office  because  of  fear  of  infection  with  severe  acute
espiratory  syndrome  coronavirus  2  seems  more  likely.  The
bserved  increase  in  the  incidence  of  out-of-hospital  car-
iac  arrest  in  France  and  Italy  during  the  lockdown  period
rovides  further  insights  into  the  potential  consequences
f  delayed  management  of  ischaemic  cardiac  emergencies
20,21].  The  decrease  in  admissions  from  other  non-cardiac
mergencies  has  also  been  described  in  the  literature,  which
einforces  the  idea  that  the  population  may  have  experi-
nced  a  fear  of  going  to  hospital  [22].  This  apprehension
ould  also  have  been  promoted  by  the  general  message
hat  people  should  stay  home  in  an  effort  to  preserve
ospital  bed  capacity  and  avoid  exposure  to  the  hospi-
al  environment.  Interestingly,  the  effect  of  lockdown  was
hown  to  be  reversible,  as  a  rapid  return  to  normal  number
f  STEMI  admissions  during  the  post-lockdown  period  was
bserved.

Moreover,  an  increase  in  the  delay  between  symptom
nset  and  primary  PCI,  and  an  increase  in  the  rate  of
echanical  complications,  which  have  not  been  previously
escribed  in  Europe,  was  also  found  in  this  study.  The  1.0%
ate  of  mechanical  complications  observed  during  2019  is
imilar  to  previously  reported  data  [23].  In  this  cohort,
echanical  complications  were  associated  with  longer
elays  and  resulted  in  higher  mortality  rates.  We  speculate
hat  the  observed  increase  in  delays  from  symptom  onset  of
rimary  PCI  led  to  an  increase  in  mechanical  complications,
xplaining  the  increased  mortality  during  2020.  However,
ther  potential  factors  could  have  accounted  for  this  rise
n  mortality.  First,  some  deaths  are  probably  related  to
omplications  of  COVID-19  (with  a  death  rate  between  26.9%
nd  27.6%)  as  previously  reported  [24,25].  Second,  the  acute
anagement  of  STEMI  patients  could  have  been  different
uring  this  critical  period.  However,  there  was  no  significant
ifference  regarding  fibrinolysis  use,  reperfusion  therapy
uring  primary  PCI  and  time  of  hospitalization.

These  results  highlight  the  importance  of  carefully  edu-
ating  the  public  on  when  and  how  to  react  to  the  warning
igns  of  STEMI,  without  instilling  fear.  It  seems  important

o  reinforce  the  message  to  seek  medical  care  urgently,
ithout  delay,  in  the  presence  of  symptoms  suggestive  of
TEMI,  even  during  lockdowns.  This  fear  of  going  to  the  hos-
ital  has  probably  increased  total  ischaemic  time,  leading

D

M
F

34
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o  mechanical  complications  with  a  poor  prognosis  in  terms
f  intra-hospital  death.  In  preparation  for  further  waves  of
he  epidemic,  this  communication  from  health  professionals
ould  be  particularly  important  to  avoid  the  same  pitfalls.
ur  results  also  raise  the  question  of  a  non-centralized  lock-
own,  adapting  to  the  situation  more  locally,  which  could
lso  prevent  patients  from  exposing  themselves  to  these
ypes  of  potential  complications  in  areas  less  affected  by
he  epidemic.

imitations

ur  study  has  some  limitations.  First,  the  design  was  ret-
ospective,  and  the  collection  of  information  came  from
edical  records,  which  explains  the  rate  of  missing  data.

econd,  patients  with  late  presentation  of  STEMI  and  no  indi-
ation  for  urgent  primary  PCI  were  not  included,  leading  to  a
otential  selection  bias.  Third,  our  study  did  not  include  all
TEMI  admissions  in  France,  although  we  were  able  to  estab-
ish  national  coverage  of  58%  of  STEMI  cases  over  the  two
eriods  [26]. Fourth,  we  compared  patients  from  2020  with
atients  only  from  2019  and  the  follow-up  was  limited  to  the
ength  of  hospitalization.  Finally,  the  findings  are  from  the
rench  medical  system  and  our  results  may  not  be  applicable
o  other  health  systems.

onclusions

his  study  shows  a  decrease  in  STEMI  admissions  during  the
rst  pandemic  peak  period  in  France  compared  with  the
ame  period  in  2019,  associated  with  an  increase  in  the  total
schaemic  time,  driven  exclusively  by  the  patient-related
elays  between  symptom  onset  and  FMC  and  an  increase
n  in-hospital  deaths  and  mechanical  complications.  The
bsence  of  an  increase  in  physician-related  delays  from  the
MC  to  PCI,  and  the  absence  of  a  change  in  reperfusion
trategies,  reflect  the  preservation  of  access  to  urgent  car-
iac  care  during  the  first  wave  of  the  COVID-19  pandemic  in
rance.
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