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ABSTRACT

Objective The initial data of the International Study
on Acute Coronary Syndromes - ST Elevation Myocardial
Infarction COVID-19 showed in Europe a remarkable
reduction in primary percutaneous coronary intervention
procedures and higher in-hospital mortality during the
initial phase of the pandemic as compared with the
prepandemic period. The aim of the current study was
to provide the final results of the registry, subsequently
extended outside Europe with a larger inclusion period
(up to June 2020) and longer follow-up (up to 30 days).
Methods This is a retrospective multicentre registry

in 109 high-volume primary percutaneous coronary
intervention (PPCI) centres from Europe, Latin America,
South-East Asia and North Africa, enrolling 16674
patients with ST segment elevation myocardial infarction
(STEMI) undergoing PPPCI in March/June 2019 and
2020. The main study outcomes were the incidence of
PPCl, delayed treatment (ischaemia time >12hours

%2 Harry Suryapranata,”’ Matteo Nardin,%** Monica Verdoia @,

%8 Mohamed Abed Bouraghda,® Elvin Kedhi,*

2,93

and door-to-balloon >30 min), in-hospital and 30-day
mortality.

Results In 2020, during the pandemic, there was a
significant reduction in PPCl as compared with 2019
(incidence rate ratio 0.843, 95% Cl 0.825 to 0.861,
p<0.0001). This reduction was significantly associated
with age, being higher in older adults (>75 years)
(p=0.015), and was not related to the peak of cases

or deaths due to COVID-19. The heterogeneity among
centres was high (p<0.001). Furthermore, the pandemic
was associated with a significant increase in door-
to-balloon time (40 (25—70) min vs 40 (25-64) min,
p=0.01) and total ischaemia time (225 (135-410) min
vs 196 (120-355) min, p<0.001), which may have
contributed to the higher in-hospital (6.5% vs 5.3%,
p<0.001) and 30-day (8% vs 6.5%, p=0.001) mortality
observed during the pandemic.

Conclusion Percutaneous revascularisation for STEMI
was significantly affected by the COVID-19 pandemic,
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Coronary artery disease

with a 16% reduction in PPCI procedures, especially among older
patients (about 20%), and longer delays to treatment, which may have
contributed to the increased in-hospital and 30-day mortality during
the pandemic.

Trial registration number NCT04412655.

BACKGROUND

Our healthcare system has strongly been impacted by the
COVID-19 pandemic, with most of the resources being diverted
to face this disease." Many clinical units have been converted to
treat patients with COVID-19, limiting the access for patients
with chronic conditions while maintaining acute services for the
treatment of acute coronary syndromes (ACS), particularly ST
segment elevation myocardial infarction (STEMI). The Inter-
national Study on Acute Coronary Syndromes - ST Elevation
Myocardial Infarction (ISACS-STEMI) COVID-19 was estab-
lished in response to the emerging outbreak of COVID-19 and
provides a snapshot that aims at estimating the true impact of
the COVID-19 pandemic on the treatment and outcome of
patients with STEMI treated by primary angioplasty. Our initial
data,” ? in step with other reports,* '’ showed a reduction in
primary percutaneous coronary intervention (PPCI) procedures,
presumably due to a public fear of coronavirus contagion, which
impacted on patient willingness to present to hospital. Further
observation was the prolonged time from symptom onset to
treatment,'™"* which contributed to explaining the higher
in-hospital mortality in this population during the pandemic.
The aim of the current study was to provide the final results of
the ISACS-STEMI COVID-19 registry, subsequently extended
outside Europe with a larger inclusion period (up to June 2020)
and longer follow-up (up to 30 days).

METHODS

Study design and population

This is a large-scale retrospective multicentre registry promoted
by the Eastern Piedmont University, Novara, Italy, initially
planned to include European primary PCI centres® but subse-
quently extended to several other regions (Latin America, South-
East Asia and North Africa). Detailed data have previously been
reported.? The initial inclusion period was of 2 months (from 1
March until April 30) but was subsequently prolonged to 30 June
2020. Data were compared with those retrospectively collected
during the same months of 2019 (from 1 March until June 30).

Inclusion criteria
The inclusion criteria were patients with STEMI treated by PPCI
(including mechanical reperfusion for failed thrombolysis).

Data collection

Anonymised data were collected through a dedicated clinical
record ‘form (CRF). Each centre identified a local principal
investigator. We collected demographic, clinical and procedural
data including total ischaemia time (defined as the time from
symptom onset to first balloon inflation) and door-to-balloon
time (defined as the time from arrival at the PCI hospital and first
balloon inflation), referral to primary PCI facility, COVID-19
positivity, PCI procedural data and in-hospital mortality. After
collection, each participating centre submitted the CRF to the
coordinating unit at Eastern Piedmont University, in charge of
reporting all data onto the central electronic database. Data were
finally checked for missing or contradictory entries.

Study outcomes

The study outcomes were (1) the number of patients with STEMI
undergoing percutaneous revascularisation; (2) the proportion
of patients with ischaemia time >12hours; (3) the proportion of
patients with a door-to-balloon time >30min; and (4) in-hos-
pital and 30-day mortality.

Patient and public involvement
It was not possible to involve patients or the public in the design,
or conduct, or reporting or dissemination plans of our research.

Statistics

Data were analysed using SPSS Statistics Software V.23.0 and R
V.3.6.2 software by an independent statistician (GC). Quantita-
tive variables were described using median and IQR. Mean and
CI were obtained assuming Poisson distributions for count data.
Incidence rate ratio (IRR) was defined as the ratio between count
data in 2020 and count data in 2019. Data were normalised
for the different size of the populations and for the possibly
different time period of observation, and we considered the
number of STEMI per million of local residents in the corre-
sponding population in a year. Poisson regression models (with
log link function) were applied to compare the incidence rate of
primary PCI per million of residents per year in 2020 with the
same rate in 2019, correcting for possible impact of major risk
factors.'* The heterogeneity between centres was explored by a
random effect Poisson model. Details are described in the online
supplemental materials. Analyses were also conducted according
to major European geographical areas (see online supplemental
materials) and subgroups of patients, such as according to age,
gender, diabetes and hypertension.

A subsequent analysis was based on individual patient data,
which were grouped according to the year of the intervention
(2019 vs 2020). Absolute frequencies and percentages were
used for qualitative variables. Analysis of variance (ANOVA) or
Mann-Whitney and y” test were used for continuous and cate-
gorical variables, respectively. Normal distribution of continuous
variables was tested by the Kolmogorov-Smirnov test.

Multivariable logistic regression analyses were performed to
identify the impact of the year of intervention on time delays and
in-hospital mortality after adjustment for baseline confounding
factors between the two groups. All significant variables (set at
p<0.1) were entered in block into the model. Kaplan-Meier
survival curves were to compare 30-day survival between the
two groups, whereas multivariable Cox regression analysis was
performed to identify the impact of the year of intervention
on 30-day mortality after adjustment for baseline confounding
factors between the two groups. All significant variables (set at
p<0.1) were entered in block into the model. Model adequacy
and goodness of fit were performed via a residual analysis for the
Poisson and regression models. P<0.05 was considered statisti-
cally significant. The data coordinating centre was established at
the Eastern Piedmont University.

Sample size calculation
In view of the observational nature of this registry, no sample
size calculations or statistical power analyses were performed.

RESULTS

We included 109 centres that enrolled a total of 16674
patients with STEMI undergoing mechanical reperfusion: 9044
patients in 2019 and 7630 patients in 2020. Online supple-
mental table 1 shows the characteristics of the included study
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Figure 1

Primary PCl Hospitals

Box-and-whisker plot (left) showing the number of patients with STEMI treated by mechanical reperfusion per million of inhabitants

per year in 2019 and 2020. The right graph shows the IRR with 95% Cl across each centre. IRR, incidence rate ratio; PCl, percutaneous coronary

intervention; STEMI, ST segment elevation myocardial infarction.

centres (Europe=90, Latin America=10, South-East Asia=7,
North Africa=2). A total of 22 European centres provided data
restricted only to March and April.

The number of STEMI treated percutaneously per million resi-
dents showed a consistent reduction, on average, from 559 (95%
CI 514 to 607) in 2019 to 477 (95% CI 435 to 522) in 2020
(figure 1 and online supplemental figures 1-3). The IRR was
0.843 (95% CI 0.825 to 0.861, p<0.0001), showing a signif-
icant reduction of 15.7% in the number of STEMI cases from
2019 to 2020. Applying a mixed effect Poisson model (with
centre as random effect), a high variability of IRR was observed
among centres, measured by an SD of 0.207 of the random coef-
ficient of centre (figure 1). This high heterogeneity was found
to be significant (p<0.001) when performing an ANOVA % test
between Poisson models with random effect and without such
effect. The IRR was not related to the national incidence of cases
or deaths due to COVID-19 (online supplemental figures 4 and
5). Moreover, the reduction in STEMI procedures was not asso-
ciated with the type of institutional centre (private, academic or
non-academic hospitals) (online supplemental table 2). Almost
all participating geographical areas had a significant reduction in
STEMI (figure 2 and online supplemental figures 6 and 7). While
a more marked reduction of PPCI procedures was observed in
Europe during March to April as compared with May to June
2020, opposite findings were observed in South-East Asia and
North Africa (online supplemental table 2).

Poisson regression was used to evaluate the reduction in
patients with STEMI in subgroups of subjects, according to age
(=75, >75), gender, diabetes and hypertension. We found a
significant age-related reduction (7%, p=0.015), with a larger
effect in older adults (IRR=0.800, 95% CI 0.761 to 0.838,
p<0.0001) than in younger patients (IRR=0.854, 95% CI 0.834
to 0.875,p<0.001) (figure 3 and online supplemental figure 8).
No significant difference was found for the other risk factors
(figure 3 and online supplemental figure 9).

Baseline demographic and clinical characteristics

Individual data analysis was restricted to 16083 patients with
complete demographic, clinical procedural and outcome data
(complete cases: 96.4%), 8698 in 2019 and 7385 in 2020.
Table 1 shows the baseline characteristics of the two groups of

patients according to the year of intervention. No difference
was observed in baseline characteristics, except for smoking
(55.5% vs 53.6%, p=0.014) and family history of coronary
artery disease (21.1% vs 19.8%, p=0.044), which were more
frequently observed in 2019. Detailed data according to the
period of inclusion are reported in online supplemental tables
3 and S.

As shown in table 1, a significantly longer total ischaemia
and door-to-balloon time was observed in 2020 as compared
with 2019 (table 1 and figure 4). The association between the
COVID-19 pandemic and ischaemia time longer than 12 hours
was confirmed after correction for baseline clinical confounders
(geographical area, door-to-balloon, radial access, additional
in-hospital revascularisation, use of drug-eluting stent (DES) and
in-hospital renin-angiotensin system inhibitors (RASI)) (adjusted
OR=1.32, 95% CI 1.19 to 1.47, p<0.001). No significant
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Figure 2 Results of Poisson regression analysis on the relationship
between the number of primary PCI per million of residents per year
in 2020 versus the number in 2019, according to continent. PCl,
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Figure 3  Box-and-whisker plot showing the number of patients with STEMI treated by mechanical reperfusion per million of residents per year in
2019 and 2020 according to age (left graph) and gender (right graph). A significant association was observed with age (p=0.015). IRR, incidence rate
ratio; PCl, percutaneous coronary intervention; STEMI, ST segment elevation myocardial infarction.

interaction was observed for major risk factors (age, p=0.64;
gender, p=0.091; diabetes, p=0.78; hypertension, p=0.74).

The association between the COVID-19 pandemic and door-
to-balloon longer than 30 min was confirmed after correction for
baseline clinical confounders (geographical area, ischaemia time,
radial access, use of DES, additional in-hospital revascularisation
and in-hospital RASI) (adjusted OR=1.1, 95% CI 1.03 to 1.17,
p=0.005). No significant interaction was observed for most risk
factors (age, p=0.9; gender, p=0.45; diabetes, p=0.21), except
for hypertension (p=0.044). In 2019, patients with hyperten-
sion had a shorter door-to-balloon time (p<0.001) as compared
with patients without hypertension, but not in 2020.

The rate of cardiogenic shock at presentation, infarct location,
out-of-hospital cardiac arrest or rescue procedures after failed
thrombolysis did not differ between the two groups.

Procedural characteristics

As shown in table 2, radial approach (77.8% vs 75.0, p<0.001),
use of DES (89.3% vs 88.0%, p=0.008) and additional in-hos-
pital revascularisation (20.5% vs 19.2%, p<0.001) were more
frequent in 2020, whereas no significant difference was observed
in culprit vessel, lesion location, preprocedural and postproce-
dural thrombolysis in myocardial infarction flow, use of intra-
venous antiplatelet therapies, thrombectomy, and multivessel
disease. Further detailed data according to the period of treat-
ment are reported in online supplemental tables 4 and 6.

In-hospital and 30-day mortality

Patients treated in 2020 had a slightly shorter duration of
hospitalisation as compared with 2019 (median (mean)
(IQR)=35 (5.8) (3-7) days vs 5 (6.1) (3-7) days, p<0.001).
A significantly higher in-hospital mortality was observed
in 2020 as compared with 2019 (481 deaths (6.5%) vs 457
deaths (5.3%); OR=1.26, 95% CI 1.10 to 1.44, p<0.001)
(figure 4). The mortality rate was extremely high among
COVID-19-positive patients. In fact, a total of 28 out of 109
COVID-19-positive patients died (25.7% vs 5.7%; OR=5.7,
95% CI 3.7 to 8.8, p<0.001).

The significantly poorer outcomes observed in patients
with STEMI treated in 2020 persisted after correction for
all potential confounding factors (geographical area, isch-
aemia time, door-to-balloon time, radial access, use of DES,
additional in-hospital revascularisation and in-hospital RASI,
duration of hospitalisation) (adjusted OR=1.38, 95% CI
1.19 to 1.59, p<0.001), and even after exclusion of COVID-
19-positive patients (adjusted OR=1.23, 95% CI 1.07 to
1.41, p=0.003).

Data on 30-day mortality were available in 14321
(89.0%). Patients treated in 2020 had a significantly higher
mortality (8% vs 6.5%; HR=1.25, 95% CI 1.09 to 1.4,
p=0.001) (figures 4 and §), confirmed after adjustment for
all potential confounders (geographical area, ischaemia time,
door-to-balloon time, radial access, use of DES, additional
in-hospital revascularisation and in-hospital RASI, duration
of hospitalisation) (adjusted HR=1.29, 95% CI 1.14 to 1.45,
p<0.001).

DISCUSSION

To date, the ISACS-STEMI COVID-19 represents the largest
worldwide registry of patients with STEMI undergoing mechan-
ical reperfusion during the COVID-19 pandemic, including
more than 16000 patients treated from March to June 2019
and 2020, and the first to provide data on 30-day mortality.
We found a significant reduction in the number of primary PCI
procedures during the pandemic (in 2020) as compared with
2019, especially in older patients. Yet there was a significant
heterogeneity among centres which was explained neither by the
local nor national deaths due to COVID-19. Furthermore, we
observed a significantly higher in-hospital and 30-day mortality
during the pandemic period, which may have been determined
by the longer ischaemia time associated with logistics and treat-
ment during this time.

Since the end of January 2020, when the pandemic was
declared, SARS-CoV-2 has rapidly spread across the world, with
quite 200 million of people infected and more than 4 million
deaths. The real impact of COVID-19 on cardiovascular disease
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Table 1  Baseline demographic and clinical characteristics

2019 (n=8698) 2020 (n=7385) P value

Age, median (IQR) 63 (54-72) 62 (54-71) 0.098*
Age >75years, n (%) 1682 (19.3) 1365 (18.5) 0.17
Male gender, n (%) 6571 (75.5) 5593 (75.7) 0.78
Medical history, n (%)

Diabetes mellitus 2038 (23.4) 1774 (24.0) 0.38

Hypertension 4745 (54.6) 4067 (55.1) 0.41

Hypercholesterolaemia 3445 (39.6) 2908 (39.4) 0.77

Active smoker 4805 (55.5) 3936 (53.5) 0.013

Family history of CAD 1835 (21.1) 1463 (19.8) 0.044

Previous STEMI 832 (9.6) 711 (9.6) 0.89

Previous PCl 1038 (11.9) 955 (12.9) 0.056

Previous CABG 144 (1.7) 127 (1.7) 0.703
Geographical area, n (%) <0.001

Europe 6983 (80.3) 5831 (79.0)

Latin America 630 (7.2) 720 (9.7)

South-East Asia 706 (8.1) 587 (7.9)

North Africa 379 (4.4) 247 (3.3)
Referral to primary PCl hospital, n (%)

Type 0.704

Direct access to hub 2449 (28.2) 2064 (27.9)

Ambulance (from community) 4162 (47.8) 3576 (48.4)

Transfer from spoke 2087 (24.0) 1745 (23.6)
Time delays

Total ischaemia (min), median (IQR) 196 (120-355) 225 (135-410) <0.001*
Total ischaemia time, n (%) <0.001

<6hours 6622 (76.1) 5300 (71.8)

6-12 hours 12841 (14.8) 1215 (16.5)

12-24hours 537 (6.2) 551 (7.5)

>24hours 255 (2.9) 319 (4.3)

Total ischaemia time >12 hours 792 (9.1) 870 (11.8) <0.001

Door-to-balloon time (min), median (IQR) 40 (25-64) 40 (25-70) 0.01*
Door-to-balloon time, n (%) <0.001

<30min 3579 (41.1) 2854 (38.6)

30-60min 2845 (32.7) 2414 (32.7)

>60min 2274 (26.1) 2117 (28.7)

Door-to-balloon time >30min 5111 (58.9) 4531 (61.4) 0.001
Clinical presentation, n (%)

Anterior STEMI 3986 (45.8) 3460 (46.9) 0.19

Out-of-hospital cardiac arrest 515 (5.9) 441 (6.0) 0.92

Cardiogenic shock 625 (7.2) 543 (7.4) 0.6

Rescue PCl for failed thrombolysis 605 (7.0) 494 (6.7) 0.51

*Mann-Whitney test.

CABG, coronary artery bypass graft; CAD, coronary artery disease; PCl, percutaneous coronary intervention; STEMI, ST segment elevation myocardial infarction.

and mortality, by both direct and indirect effects, remains the
object of debate."

Initial concerns emerged about an increased number of
patients presenting with ACS during the COVID-19 pandemic
supported by the presence of inflammatory pathophysiolog-
ical mechanisms, triggering plaque disruption and generating a
prothrombotic milieu.'®"® Conversely, initial small reports from
small-sized registries showed relevant reductions in the number
of patients with ACS. These data have been confirmed in a
large Chinese registry'® and in our previous reports restricted
to Europe, including patients treated in March and April 2019-
2020.%°

Several factors may have led to these findings, with large
regional and national variations, ranging from —20% to —70%

as compared with the prepandemic times.”™'? It has been hypoth-
esised that during the lockdown patients may have been discour-
aged to access the healthcare system even for acute treatments
for fear of COVID-19 infection or overloading an already
engulfed clinical service. Patient behaviour may have contributed
to an increased morbidity and mortality, especially in patients
with STEMI in whom a prolonged time to treatment remark-
ably affects myocardial salvage, left ventricular function, and
both short-term and long-term mortality."'™" Logistic challenges
for the ambulance system and emergency departments may have
contributed to the overall delay in treating patients with STEMI
during the pandemic.

The ISACS-STEMI COVID-19 represents the largest world-
wide international multicentre registry among patients with
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Figure 4 Bar graphs show the association between year of intervention and time delays (ischaemia time longer than 12 hours, upper left graph;
door-to-balloon time longer than 30 min, lower left graph) and mortality (in-hospital, upper right graph; 30-day, lower right graph).

STEMI who underwent mechanical revascularisation, conducted
in high-volume primary PCI centres on several continents
(Europe, Latin America, South-East Asia and North Africa).
Therefore, it provides important and reliable information to
this controversy. In step with other small-sized registries and
our previous report,” we observed a remarkable reduction in the
number of patients with STEMI undergoing mechanical reper-
fusion. We found that this reduction was not consistent across

Table 2 Angiographic and procedural characteristics

2019 2020
(n=8698) (n=7385) P value

Radial access, n (%) 6523 (75.0) 5745 (77.8)  <0.001
Culprit vessel, n (%) 0.45

Left main 141 (1.6) 111 (1.5)

Left anterior descending artery 3989 (45.8) 3371 (45.6)

Circumflex 1246 (14.3) 1104 (14.9)

Right coronary artery 3260 (37.5) 2741 (37.1)

Anterolateral branch 25(0.3) 16(0.2)

SVG 37 (0.4) 42 (0.6)
In-stent thrombosis, n (%) 339 (3.9) 293 (4.0) 0.82
Multivessel disease, n (%) 4236 (48.7) 3660 (49.4) 0.12
Preprocedural TIMI 0 flow, n (%) 5766 (66.3) 4965 (67.2)  0.21
Thrombectomy, n (%) 1402 (16.1) 1161 (15.7)  0.49
Stenting, n (%) 7998 (92.0) 6769 (91.6)  0.443
Drug-eluting stent, n (%) 7656 (88.0) 6598 (89.3)  0.008
Postprocedural TIMI 3 flow, n (%) 8030 (92.3) 6791(92.0) 0.43
Gp lIb-llla inhibitors/cangrelor, n (%) 1753 (20.2) 1514(20.5) 0.59
Bivalirudin, n (%) 34 (0.4) 18 (0.2) 0.101
Mechanical support, n (%) 246 (2.8) 251 (3.4) 0.037
Additional PCl, n (%) 0.001

During the index procedure 787 (9.0) 789 (10.7)

Staged 886 (10.2) 800 (10.8)
DAPT, n (%) 8552 (98.9) 7278 (99) 0.186
In-hospital RASI, n (%) 4626 (53.2) 4271 (57.8)  <0.001

DAPT, dual antiplatelet therapy; GP, glycoprotein; PCl, percutaneous coronary
intervention; RASI, renin-angiotensin system inhibitors; SVG, saphenous vein graft;
TIMI, thrombolysis in myocardial infarction.

all centres and not related to the local or national incidence of
COVID-19 or rates of death due to COVID-19.

In our previous report we found a significant interaction with
decline in procedures in patients with hypertension and only a
trend in older patients, whereas no interaction was observed for
gender and diabetes.

We may speculate that these public campaigns may have posi-
tively impacted on the fear of patients suffering from hyperten-
sion. In fact, in the present study, extended to May and June, we
did not find an interaction with hypertension anymore, but only
with age, as older adults presented with STEMI less often than in
2019. This more marked reduction in older adults may certainly
reflect the fear of contagion in this population of mostly fragile
patients.

In addition, older patients represent a higher risk subset of
patients, with more atypical symptoms and longer ischaemia
time, where an adequate management and organisation of the
STEMI network have emerged as critical factors in conditioning
their outcomes.'” Furthermore, increased thrombotic burden has
been previously associated with advanced age, even in patients
with ACS treated with dual antiplatelet therapy,?® which could
have been even more pronounced in concomitance to the
COVID-19 infection, which has been shown to enhance per se
the thrombotic risk.
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Figure 5 Kaplan-Meier survival curves of patients with STEMI treated
in 2019 and 2020. STEMI, ST segment elevation myocardial infarction.
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Confirming our previous report,” a significant reduction
in patients with STEMI was observed in most of the centres
under investigation and was neither related to the incidence
of COVID-19 disease nor to COVID-19 mortality. Moreover,
the reduction in primary PCI was not associated with the
type of institutional centre and a similar reduction in primary
PCI was seen in all geographical areas. A larger reduction in
mechanical treatment of patients with STEMI was observed
in Europe in March to April (the timing of the first wave on
this continent), whereas in other continents a larger reduc-
tion was observed in May to June due to differences in the
spread of the virus.

We cannot exclude local disparities among healthcare organ-
isations and management of cardiovascular emergencies during
the COVID-19 pandemic, which may have impacted on both the
fear of contagion and the risk of out-of-hospital sudden death.
Both factors may have contributed to the observed heterogeneity
among centres.

The significantly longer ischaemia time observed in our registry
may be a consequence of longer delayed time from symptoms to
first medical contact, as a consequence of both direct patient
or emergency system-related delay, as recently described,'® and
longer in-hospital delay, due to the specific COVID-19 protocols
for screening patients and preparing equipment and personnel in
the catheterisation laboratory.

Nevertheless, the use of DES and guidelines-recommended
strategies were more frequent in 2020, suggesting that the
suboptimal performance and inadequacy of protocols mainly
affected the network of transportation and emergency, while
when patients accessed primary PCI the standard of care was
even improved.

We observed a significantly higher in-hospital and 30-day
mortality during this pandemic, as compared with 2019, which
may have been influenced by the longer delay to treatment. This
association persisted after correction for major differences and,
additionally, for COVID-19 positivity. Importantly, in step with
previous small-sized studies and our previous report,” ! we
observed a remarkable high mortality among the COVID-19-
positive population, exceeding 25%.

We found a slightly significant shorter hospitalisation in
2020 as compared with 2019, probably dictated by constraints
in hospital ward facilities during the pandemic. However,
while hypothetically affecting survival, we do not believe that
such a shorter reduction in hospitalisation observed during the
pandemic may be clinically relevant with a significant impact
on mortality. In fact, the difference in mortality between the
pandemic and prepandemic period was confirmed after adjust-
ment for the duration of hospitalisation.

Due to the prolonged emergency, large public campaigns,
led by scientific societies and healthcare authorities, have to
be repeatedly conducted in order to highlight the importance
of recognition and response to characteristic symptoms of
acute myocardial infarction, especially among older patients.

Limitations

A major limitation of the current study is represented by its retro-
spective design. It was conducted during a challenging pandemic
emergency. Therefore, we expected missing data and potential
limited quality in data collection. Nevertheless, our main data
analysis and conclusions are based on absolute counts and there-
fore the overall cohort of patients was included. Furthermore,
even in the analysis based on full individual patient data, this
limitation and the potential risk of type II error were largely

overcome by the high rate of complete cases (>95%) and the
high statistical power due to the size of the study population.
Furthermore, we cannot exclude that the observed reduction
in patients with STEMI may partly have resulted from higher
prehospital mortality due to longer delays to first medical
contact, as described during the COVID-19 pandemic.**

The number of PPCI for STEMI was standardised per million
of local residents (referral population) in order to avoid any
potential bias related to the higher numerical impact of centres
with larger case load. Furthermore, we selected centres where
the strategy of STEMI treatment did not change during the
pandemic, and therefore we do not expect a significant impact of
a larger administration of thrombolysis observed in some regions
during the pandemic. Finally, most of the centres were located in
Europe, whereas only two centres were from Africa. Therefore,
caution should be exercised in the extension of our conclusion
to all the continents.

CONCLUSIONS

Our study showed that the COVID-19 pandemic relevantly
impacted on the treatment of patients with STEMI, with a
significant reduction in primary PCI procedures, especially
among older adults patients, and on longer delay to treatment,
which may have contributed to the higher in-hospital and 30-day
mortality during the pandemic. Due to the persistent pandemic,
health authorities, with the support of scientific societies, should
conduct large and repeated public campaigns to exhort patients
in paying large attention to characteristic symptoms of an acute
myocardial infarction and rapidly activate the emergency system,
especially among older patients.

Key messages
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What is already known on this subject?

» The diversion of resources, lockdown rules, guidance on
social distancing and a public fear of coronavirus contagion
appear to have impacted on patient willingness to present to
hospital during the COVID-19 pandemic.

» Initial reports have described a reduction in the number of
cases of ST segment elevation myocardial infarction and
increased mortality during the COVID-19 pandemic.

What might this study add?

» We found that the number of primary percutaneous coronary
intervention procedures is significantly reduced during the
pandemic (in 2020) as compared with 2019, especially in
older adults.

» We observed heterogeneity among centres which may be
due to local disparities among healthcare organisations and
management of COVID-19 cardiovascular emergencies, which
may have impacted on both the fear of contagion and the
risk of out-of-hospital sudden death.

» The COVID-19 pandemic period was independently associated
with higher in-hospital and 30-day mortality, and this is likely
to reflect the significantly longer ischaemia time associated
with treatment during this challenging time.

How might this impact on clinical practice?

» Our data suggest that health authorities, supported by
scientific societies, should take vigorous action to prevent
patients from neglecting characteristic symptoms of an acute
myocardial infarction, especially among older adults.

464

De Luca G, et al. Heart 2022;108:458-466. doi:10.1136/heartjnl-2021-319750


http://heart.bmj.com/

Coronary artery disease

Author affiliations

"Department of Cardiology, AOU Maggiore della Carita, Eastern Piedmont University,
Novara, Italy

“Department of Translational Medicine, Eastern Piedmont University, Novara, Italy
*Division of Cardiology, Assiut University, Assiut, Eqypt

*Division of Cardiology, Bursa City Hospital, Bursa, Turkey

*Pronto de Socorro Cardiologico, Centro PROCAPE Prof. Tavares, Recife, Brazil
®Department of Heart and Vascular Surgery, Kemerovo Cardiology Center,
Kemepogo, Russia

"University Clinic for Cardiology, Ss Cyril and Methodius University in Skopje, Skopje,
Macedonia

8Centre for Intensive Internal Medicine, University Medical Centre, Ljubljana, Slovenia
*Division of Cardiology, Odense Universitetshospital, Odense, Denmark
"°Department of Cardiology, Singapore Health Service, Singapore

"Clinic Emergency Hospital, University of Bucharest, Bucuresti, Romania
"|nterventional Cardiology Unit, Bellvitge University Hospital, L'Hospitalet de
Llobregat, Spain

Blnstituto de Cardiologia, Rio Grande do Sul State Department of Health, Porto
Alegre, Brazil

"“Division of Cardiology, Medical University of Silesia in Katowice, Katowice, Poland
"Division of Cardiology, Ospedale del Mare, Napolj, Italy

"®Department of Cardiology, Thoraxcentrum Twente, Medisch Spectrum Twente,
Academisch Medisch Centrum, Twente, The Netherlands

""Department of Cardiology, S Maria Goretti Hospital, Latina, Italy

"8Department of Cardiology, Sint Antonius Ziekenhuis, Nieuwegein, The Netherlands
"Cardiology, Ospedale Maggiore Bologna, Bologna, ltaly

“Cardiology, National Heart Centre Singapore, Singapore

2Wniversity Hospital Brmo, Masaryk University, Brno, Czech Republic

Department of Cardiology, Hospital Universitari i Politecnic La Fe, Valencia, Spain
“Department of Cardiology, Hospital Universitari Germans Trias i Pujol, Badalona,
Spain

2 Cardiology, Medical Centre Alkmaar, Alkmaar, The Netherlands

“Department of Cardiology, University Hospital Virgen de la Victoria, Malaga, Spain
%Department of Cardiology, Queen ElizabethHospital University of Hong Kong, Hong
Kong, Hong Kong

YDepartment of cardiology and Vascular Medicine, National Cardiovascular Center
'Harapan Kita', Jakarta, Indonesia

%|nstituto de Cardiologia, Santa Catarina Praia Comprida, Sao Jose, Brazil
“Division of Cardiology, Villa dei fiori Sr|, Acerra, Italy

*ODepartment of Cardiology, University of Zagreb, Zagreb, Croatia

*Department of Cardiology, University of Patras, Patras, Greece

32Center for Cardiovascular Diseases, Ohrid University Hospital, Ohrid, Macedonia
*3Division of Cardiology, Ospedale Santa Chiara di Trento, Trento, Italy

*Cardiology, Ospedale di Bolzano, Bolzano, Italy

Division of Cardiology, Utrecht University, Utrecht, The Netherlands

*Division of Cardiology, University of Salerno, Salerno, Italy

*TCardiology, Maastricht University Hospital, Maastricht, The Netherlands

*Division of Cardiology, Azienda Ospedaliera “Ospedali Riuniti Marche Nord",
Ancona, ltaly

**Division of Cardiology, ASL 3 Reggio Emilia, Reggio Emilia, Italy

“OCardiology Division, Ospedale Fabrizio Spaziani, Roma, Italy

M Cardiology Division, Ospedale “F. Spaziani”, Frosinone, Italy

“Division of Cardiology, Ospedale S. Anna Ferrara, Ferrara, Italy

“Department of Cardiology, Bezmialem Vakif University istanbul, Istanbul, Turkey
“Division of Cardiology, Eskisehir Osmangazi Universitesi, Eskisehir, Turkey
45Complexo Hospetaliero Universitario, La Coruna, La Coruna, Spain

*Department of Cardiovascular Medicine, University Hospital Prague, Prague, Czech
Republic

“"Central Hospital, Medical University of Lodz, Lodz, Poland

*Division of Cardiology, Hospital Complex of Toledo, Toledo, Spain

*“Division of Cardiology, Lille University Hospital Center, Lille, France

*0Department of Cardiology, Universita degli Studi di Trieste Dipartimento di Scienze
Mediche Chirurgiche e della Salute, Trieste, Italy

>'Division of Cardiology, Hospital de Cabuefies, Gijon, Spain

>2Division of Cardiology, Ospedale Santa Maria delle Grazie, Pozzuoli, Naples, Italy
>3Djvision of Cardiology, Consorcio Sanitario de Tenerife, Santa Cruz de Tenerife,
Spain

>*Division of Cardiology, Hospital Puerta de Hierro Mahadahonda, Barcelona, Spain
>>Division of Cardiology, Ospedale “G Moscati”, Aversa, Aversa, ltaly

**Division of Cardiology, Ospedale Civico Arnas, Palermo, Italy

>Cardiology Division, Department of Internal Medicine, National Taiwan University
Hospital, Taipei, Taiwan

%8Department of Cardiology, Hospital Clinico Universitario, Universidad de Valencia,
Valencia, Spain

*Interventional Cardiology Unit, Azienda Ospedaliera Sanitaria, Parma, Parma, Italy
80Cardiology Department, Garcia de Orta Hospital, Almada, Portugal

®'Department of Cardiology, INSERM Délégation Régionale Paris 7, Bagnolet, France
82Instituto Cardiovascular de Buenos Aires, Buenos Aires, Argentina

83Cardiology Institute, Istanbul University, Istanbul, Turkey

®4Clinical and Experimental Interventional Cardiology, Saarland University,
Saarbrucken, Germany

SDivision of Cardiology, Oulu University Hospital, Oulu, Finland

%6Department of Cardiology, Hospital de Santa Cruz, CHLO - Nova Medical
School,CEDOC, Carnaxide, Portugal

®Division of Cardiology, Kontantopoulion Hospital, Athens, Athens, Greece
®8Division of Cardiology, Heart Centre Turku, Turku, Finland

S*Division of Cardiology, Hospital de Santo Anténio, Porto, Portugal

"Instituto de Cardiologia de Corrientes Juana Francisca Cabral, Corrientes, Argentina
"Cardiology, Tyumen Research Centre, Tyumen, Russia

"2Cardiology, Ospedale Alessandro Manzoni, Lecco, Italy

Division of Cardiology, Iraklion University Hospital, Heraklion, Greece
"Division of Cardiology, Attikon Clinic, Athens, Greece

"Division of Cardiology, Medellin Clinic Universidad UPB, Medellin, Colombia
"Division of Cardiology, General Hospital of Athens Alexandra, Athens, Greece
""Division of Cardiology, Groupe Hospitalier Mutualiste de Grenoble, Grenoble,
France

850D Cardiologia-Emodinamica-UTIC, Azienda Ospedali Riuniti - Presidio ‘GM
Landisi’, Ancona, Italy

"*Hospital Universitario Puerta del Mar Servicio de Cardiologia, Cadiz, Spain
®Instituto de Cardiologia Integral, Montevideo, Uruguay

®'Department of Cardiology and Cardiovascular Interventions, Instituto Nacional de
Cirugia Cardiaca, Montevideo, Uruguay

&2Department of Cardiology, Queen Mary Hospital, Hong Kong, Hong Kong
®Department of Cardiology, Otamendi Hospital, Buenos Aires, Argentina

8 Cardiovascular Department, Pelita Harapan University, Tangerang, Indonesia
8 (Centre Hospitalier d Antibes Juan les Pins, Antibes, France

®Division of Cardiology, Cordoba Hospital, Cordoba, Argentina

¥ Department of Statistical Sciences, University of Padova, Padova, Italy
®Division of cardiology, Sassari University Hospital, Sassari, Italy

®Division of cardiology, Blida University Hospital, Blida, Algeria

90Cardiology, Hopital Erasmus, Universite Libre de Bruxelles, Bruxelles, Belgium
°ICardiology, Radboud UMC, Nijmegen, The Netherlands

92Ospedali Riuniti, Brescia, Italy

(ardiology, Nuovo Ospedale degli Infermi ASL Biella, Biella, italy

Twitter Vladimir Ganyukov @no, Xavier Carrillo @Xavi_Carrillo7, Ifiigo Lozano
Martinez-Luengas @inigo.lozano@gmail.com and Pablo Lamelas @lamelaspablo

Acknowledgements The study was promoted by the Eastern Piedmont University,
Novara, Italy.

Collaborators ISACS-STEMI COVID 19: Tom Johnson, Tim Kinnaird, Yves Cottin,
Alexander lJsselmuiden, Kees-Jan Royaards, Massimo Siviglia, Giovanni Amoroso,
Adrian Banning, Andrea Santucci, Leonardo Spedicato, Julinda Mehilli, Sébastien
Levesque, Peter Ludman, Pierre Deharo, Edouard Benit, Pierfrancesco Agostoni,
Santiago Camacho-Freiere; Marc Brouwer, Cyril Camaro, Bor Wilbert; Pieter Smits,
Mike Laine, Raul Moreno.

Contributors Study design: GDL, GPa, EK and MV. Data collection: all authors.
Data verification: MN, MV. Data analysis: GC. Initial draft: GDL. Final revision and
approval of the manuscript: all authors.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The study was approved by the local ethical committee in Novara,
Italy and followed the World Medical Association’s Declaration of Helsinki. Informed
consent was not applied based on the retrospective study design.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data
will be available upon reasonable request starting for 6 months after publication.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

This article is made freely available for personal use in accordance with BMJ's
website terms and conditions for the duration of the covid-19 pandemic or until
otherwise determined by BMJ. You may download and print the article for any lawful,

De Luca G, et al. Heart 2022;108:458-466. doi:10.1136/heartjnl-2021-319750

465

“1ybuAdoo Aq parosioid 1sanb Aq £20z ‘9T Areniga- uo jwod fugesy//:dny wolj papeojumoq "TZ0Z 1970100 8Z U0 0S/6TE-T20Z-|ufieay/9eTT 0T Se paysiignd 1si1 :1esH


https://twitter.com/no
https://twitter.com/Xavi_Carrillo7
https://twitter.com/inigo.lozano@gmail.com
https://twitter.com/lamelaspablo
http://heart.bmj.com/

Coronary artery disease

non-commercial purpose (including text and data mining) provided that all copyright
notices and trade marks are retained.

ORCID iDs

Giuseppe De Luca http://orcid.org/0000-0001-6031-2899
Clemens von Birgelen http://orcid.org/0000-0002-5128-2832
Jose Luis Diez Gil http://orcid.org/0000-0001-9921-8023

Xavier Carrillo http://orcid.org/0000-0001-6691-8859

Maurits Theodoor Dirksen http://orcid.org/0000-0002-3263-4054
Enrico Fabris http://orcid.org/0000-0001-9458-0736

Ifigo Lozano Martinez-Luengas http://orcid.org/0000-0002-0826-1155
Juan Sanchis Fores http://orcid.org/0000-0003-0797-8709

Guido Parodi http://orcid.org/0000-0002-9718-9107

Pablo Lamelas http://orcid.org/0000-0003-2008-3870

Monica Verdoia http://orcid.org/0000-0001-6506-8397

REFERENCES

1 LiQ, Guan X, Wu P, et al. Early transmission dynamics in Wuhan, China, of novel
coronavirus-infected pneumonia. N Engl J Med 2020;382:1199-207.

2 De Luca G, Verdoia M, Cercek M, et al. Impact of COVID-19 pandemic
on mechanical reperfusion for patients with STEMI. J Am Coll Cardiol
2020;76:2321-30.

3 De Luca G, Cercek M, Jensen LO, et al. Impact of COVID-19 pandemic and diabetes
on mechanical reperfusion in patients with STEMI: insights from the ISACS STEMI
COVID 19 registry. Cardiovasc Diabetol 2020;19:215.

4 Wood S. The mystery of the missing STEMIs during the COVID-19 pandemic. tctMD,
2020

5 Garcia S, Albaghdadi MS, Meraj PM, et al. Reduction in ST-segment elevation
cardiac catheterization laboratory activations in the United States during COVID-19
pandemic. JAm Coll Cardiol 2020;75:2871-2.

6 Tam C-CF, Cheung K-S, Lam S, et al. Impact of coronavirus disease 2019 (COVID-19)
outbreak on ST-segment-elevation myocardial infarction care in Hong Kong, China.
Circ Cardiovasc Qual Outcomes 2020;13:e006631.

7 Piccolo R, Bruzzese D, Mauro C, et al. Population trends in rates of percutaneous
coronary revascularization for acute coronary syndromes associated with the
COVID-19 outbreak. Circulation 2020;141:2035-7.

8 Roffi M, Guagliumi G, Ibanez B. The obstacle course of reperfusion for STEMI in the
COVID-19 pandemics. Circulation 2020;141:1951-3.

9

20

21

22

De Rosa S, Spaccarotella C, Basso C, et al. Reduction of hospitalizations for
myocardial infarction in Italy in the COVID-19 era.Societ Italiana di Cardiologia and
the CCU Academy Investigators group. Eur Heart J. 2020;15:ehaa409.

Xiang D, Xiang X, Zhang W, et al. Management and Outcomes of Patients With STEMI
During the COVID-19 Pandemic in China.JAm Coll Cardiol 2020;76:1318-24.

De Luca G, Suryapranata H, Ottervanger JP, et al. Time delay to treatment and
mortality in primary angioplasty for acute myocardial infarction: every minute of delay
counts. Circulation 2004;109:1223-5.

De Luca G, van 't Hof AW, de Boer M-J, et al. Time-to-treatment significantly affects
the extent of ST-segment resolution and myocardial blush in patients with acute
myocardial infarction treated by primary angioplasty. £ur Heart J 2004;25:1009-13.
Ibanez B, James S, Agewall S, et al. 2017 ESC guidelines for the management of
acute myocardial infarction in patients presenting with ST-segment elevation: the
task force for the management of acute myocardial infarction in patients presenting
with ST-segment elevation of the European Society of cardiology (ESC). Eur Heart J
2018;39:119-77.

Gelman A, Hill J. Chap. 6. Data analysis using regression and Multilevel/Hierarchical
models. New York: Cambridge University Press, 2007.

Madijid M, Safavi-Naeini P, Solomon SD, et al. Potential effects of coronaviruses on the
cardiovascular system: a review. JAMA Cardiol 2020;5:831.

Madijid M, Vela D, Khalili-Tabrizi H, et al. Systemic infections cause exaggerated local
inflammation in atherosclerotic coronary arteries: clues to the triggering effect of
acute infections on acute coronary syndromes. Tex Heart Inst / 2007;34:11-18.

Tang N, Bai H, Chen X, et a/. Anticoagulant treatment is associated with decreased
mortality in severe coronavirus disease 2019 patients with coagulopathy. J Thromb
Haemost 2020;18:1094-9.

Baldi E, Sechi GM, Mare C, et al. Out-Of-Hospital cardiac arrest during the Covid-19
outbreak in Italy. N Engl J Med 2020;383:496-8.

Verdoia M, Viola O, D'Amico G, et al. Advanced age, time to treatment and long-term
mortality: single centre data from the FAST-STEMI network. Medlical Research Journal
2020;5:135-40.

Verdoia M, Pergolini P, Rolla R, et al. Advanced age and high-residual platelet
reactivity in patients receiving dual antiplatelet therapy with clopidogrel or ticagrelor.
J Thromb Haemost 2016;14:57-64.

Stefanini GG, Montorfano M, Trabattoni D, et a/. St-Elevation myocardial infarction

in patients with COVID-19: clinical and angiographic outcomes. Circulation
2020;141:2113-6.

Marijon E, Karam N, Jost D, et al. Out-Of-Hospital cardiac arrest during the COVID-19
pandemic in Paris, France: a population-based, observational study. Lancet Public
Health 2020;5:437-43.

466

De Luca G, et al. Heart 2022;108:458-466. doi:10.1136/heartjnl-2021-319750

“1ybuAdoo Aq parosioid 1sanb Aq £20z ‘9T Areniga- uo jwod fugesy//:dny wolj papeojumoq "TZ0Z 1970100 8Z U0 0S/6TE-T20Z-|ufieay/9eTT 0T Se paysiignd 1si1 :1esH


http://orcid.org/0000-0001-6031-2899
http://orcid.org/0000-0002-5128-2832
http://orcid.org/0000-0001-9921-8023
http://orcid.org/0000-0001-6691-8859
http://orcid.org/0000-0002-3263-4054
http://orcid.org/0000-0001-9458-0736
http://orcid.org/0000-0002-0826-1155
http://orcid.org/0000-0003-0797-8709
http://orcid.org/0000-0002-9718-9107
http://orcid.org/0000-0003-2008-3870
http://orcid.org/0000-0001-6506-8397
http://dx.doi.org/10.1056/NEJMoa2001316
http://dx.doi.org/10.1016/j.jacc.2020.09.546
http://dx.doi.org/10.1186/s12933-020-01196-0
http://dx.doi.org/10.1016/j.jacc.2020.04.011
http://dx.doi.org/10.1161/CIRCOUTCOMES.120.006631
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.047457
http://dx.doi.org/10.1016/j.jacc.2020.06.039
http://dx.doi.org/10.1161/01.CIR.0000121424.76486.20
http://dx.doi.org/10.1016/j.ehj.2004.03.021
http://dx.doi.org/10.1093/eurheartj/ehx393
http://dx.doi.org/10.1001/jamacardio.2020.1286
http://www.ncbi.nlm.nih.gov/pubmed/17420787
http://dx.doi.org/10.1111/jth.14817
http://dx.doi.org/10.1111/jth.14817
http://dx.doi.org/10.1056/NEJMc2010418
http://dx.doi.org/10.5603/MRJ.a2020.0015
http://dx.doi.org/10.1111/jth.13177
http://dx.doi.org/10.1161/CIRCULATIONAHA.120.047525
http://dx.doi.org/10.1016/S2468-2667(20)30117-1
http://dx.doi.org/10.1016/S2468-2667(20)30117-1
http://heart.bmj.com/

	COVID-­19 pandemic, mechanical reperfusion and 30-­day mortality in ST elevation myocardial infarction
	Abstract
	Background
	Methods
	Study design and population
	Inclusion criteria
	Data collection
	Study outcomes
	Patient and public involvement
	Statistics
	Sample size calculation

	Results
	Baseline demographic and clinical characteristics
	Procedural characteristics
	In-hospital and 30-day mortality

	Discussion
	Limitations

	Conclusions
	References


