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Abstract
Aims: The aim of this study was to assess clinical and prognosis differences in patients with COVID-19 
and STEMI.

Methods and results: Using a nationwide registry of consecutive patients managed within 42 specific 
STEMI care networks, we compared patient and procedure characteristics and in-hospital outcomes in two 
different cohorts, according to whether or not they had COVID-19. Among 1,010 consecutive STEMI 
patients, 91 were identified as having COVID-19 (9.0%). With the exception of smoking status (more 
frequent in non-COVID-19 patients) and previous coronary artery disease (more frequent in COVID-19 
patients), clinical characteristics were similar between the groups, but COVID-19 patients had more 
heart failure on arrival (31.9% vs 18.4%, p=0.002). Mechanical thrombectomy (44% vs 33.5%, p=0.046) 
and GP IIb/IIIa inhibitor administration (20.9% vs 11.2%, p=0.007) were more frequent in COVID-19 
patients, who had an increased in-hospital mortality (23.1% vs 5.7%, p<0.0001), that remained consistent 
after adjustment for age, sex, Killip class and ischaemic time (OR 4.85, 95% CI: 2.04-11.51; p<0.001). 
COVID-19 patients had an increase of stent thrombosis (3.3% vs 0.8%, p=0.020) and cardiogenic shock 
development after PCI (9.9% vs 3.8%, p=0.007).

Conclusions: Our study revealed a significant increase in in-hospital mortality, stent thrombosis and car-
diogenic shock development after PCI in patients with STEMI and COVID-19 in comparison with contem-
poraneous non-COVID-19 STEMI patients.

KEYWORDS

• clinical research
• miscellaneous
• STEMI
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Abbreviations
PCI percutaneous coronary intervention
PCR polymerase chain reaction
PPCI primary percutaneous coronary intervention
STEMI ST-segment elevation myocardial infarction

Introduction
The impact of COVID-19 on outcomes of ST-elevation myocar-
dial infarction (STEMI) patients undergoing reperfusion has barely 
been explored. Two small series of 18 and 28 COVID-19 STEMI 
patients have been reported showing extremely high in-hospital 
mortality rates of 70% and 50%, respectively1,2. The lack of con-
temporaneous non-COVID-19 STEMI patients precludes a definite 
conclusion on the contribution of STEMI to the poor prognosis.

Here we present a nationwide cohort of consecutive STEMI 
patients admitted in 42 high-volume percutaneous coronary inter-
vention (PCI) centres across Spain during the seven weeks that 
followed the country lockdown in March 2020. We aimed to study 
clinical and prognosis differences in patients with COVID-19.

Editorial, see page 1379

Methods
SPANISH STEMI REGISTRY
In Spain there are 17 regional public service STEMI care networks 
which comprise 83 hospitals capable of performing primary per-
cutaneous coronary interventions (PPCI) in 24/7/365 programmes. 
In 2018, 21,261 interventions in STEMI (91.6% PPCI, 3.2% res-
cue PCI and 5.1% routine early PCI strategy after fibrinolysis) 
were performed, representing 417 PPCI per million inhabitants3.

During the current COVID-19 outbreak, the Spanish Interventional 
Cardiology Association called for a registry to collect information on 

all consecutive STEMI patients retrospectively. Since March 2020, 
just after the activation of the “State of Alarm” and the country lock-
down in Spain4, information on incidence, clinical characteristics, 
clinical management and outcomes has been recorded retrospectively.

The research protocol was approved by the Working Group on 
the Infarct Code of the Spanish Interventional Cardiology Asso-
ciation and by one central ethics committee.

STUDY DESIGN
The present report is a multicentre, retrospective, observational 
cohort study which evaluates procedures included in the Spanish 
Infarct Code Registry database. Supplementary Appendix 2 pro-
vides a checklist of items that should be included in reports of 
cohort studies. Between 14 March and 30 April 2020, a total of 
42 hospitals with at least one patient with confirmed STEMI and 
a positive SARS-CoV-2 polymerase chain reaction (PCR) assay 
were identified and included in the analysis.

In these centres, all consecutive STEMI patients admitted were 
divided into COVID-19 and non-COVID-19 STEMI groups to 
compare clinical characteristics, in-hospital management and in-
hospital clinical outcomes. Patients with a final diagnosis different 
from STEMI were not included in the final analysis. COVID-19 
was defined when a PCR assay for SARS-CoV-2 was positive. 
Delay times were defined according to the European guidelines5. 
Data were collected reviewing clinical records. Cardiogenic shock 
diagnosis was based on clinical examination on admission and was 
defined as systolic blood pressure less than 90 mmHg or the need for 
vasopressors to maintain blood pressure above 90 mmHg combined 
with signs of peripheral hypoperfusion (coldness and/or pallor in 
the extremities, oliguria, or a decrease in level of consciousness)6.

We did not include patient and public involvement in this study.

Visual summary. In-hospital outcomes of COVID-19 ST-elevation myocardial infarction patients.

18.4%

5.7%

5.1%

0.8%

3.8%

31.9%

23.1%

13.2%

3.3%

9.9%

42 STEMI care networks in Spain
March 14th to April 20th, 2020
Consecutive STEMI patients

STEMI no-COVID-19 STEMI & COVID-19

N=919 N=91

Patients with COVID-19 had an increased in-hospital mortality that remained consistent after
adjustment for age, sex, Killip class and ischaemic time: OR 4.85, 95% CI: 2.04-11.51; p<0.001
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INCIDENCE OF COVID-19 IN SPAIN
At the time the “State of Alarm” was declared in Spain, on 
14 March 2020, 5,753 cases of COVID-19 had been diagnosed and 
there were 136 deaths. On 3 May 2020, when this analysis ended, 
there were 217,466 cases diagnosed (positive PCR assay), with 
25,264 deaths and 118,902 recovered patients. At that moment, 
Spain was the leading European country in terms of the number 
of cases and mortality adjusted for population, ahead of the United 
Kingdom and Italy7.

STATISTICAL ANALYSIS
Frequencies (percentages) and means (±SD) were used to describe 
the population. Comparisons were performed using a t-test or non-
parametric tests for continuous variables and a chi-square test 
or Fisher’s exact test for categorical variables. The association 
between COVID-19 and in-hospital mortality was assessed using 
both unadjusted and adjusted logistic regression models, estimat-
ing odds ratios (OR) and their 95% confidence interval (95% CI). 
In the latter, estimations were adjusted for age, gender, Killip class 
and time from symptom onset to reperfusion. All tests were two-
sided. A p-value of 0.05 was considered to set statistical signifi-
cance. All analyses were performed using Stata 15.0 (StataCorp, 
College Station, TX, USA).

Results
PATIENTS
A total of 1,130 patients with suspected STEMI were cared for at 
42 high PCI-volume hospitals that were hubs of regional networks 
for STEMI treatment, with 109 patients having a positive PCR 
assay (9.6%). The final study sample is made up of 1,010 patients 
with confirmed STEMI, with 91 patients who had a positive PCR 
assay (9.0%). Figure 1 shows the flow chart of patients. Baseline 
clinical characteristics are provided in Table 1.

With the exception of smoking status (higher in non-COVID-19 
patients) and previous coronary artery disease (higher in 
COVID-19 patients), the clinical characteristics were not different 

between the groups. The mode of presentation differed signi-
ficantly between the groups, COVID-19 patients presenting more 
frequently at the hospital and less frequently via extra-hospital 
emergency medical services. Patients with COVID-19 more fre-
quently had heart failure on arrival at the catheterisation labo-
ratory. On admission, only 43 patients (4.3%) had a confirmed 
COVID-19 diagnosis; during admission, COVID-19 was diag-
nosed in 48 additional patients (4.8%), with a final sample of 91 
patients (9.0%). Up to 96% of patients with clinical suspicion of 
COVID-19 during admission had a PCR assay. Figure 2 shows the 
COVID-19 status diagnosis path.

919 patients without
confirmed positive

PCR (91.0%)

91 patients with
confirmed positive

PCR (9.0%)

– Takotsubo syndrome, n=10 (1.0%), 
0 patients with positive PCR

– NSTEMI, n=35 (3.1%), 
2 patients with positive PCR

– Myocarditis, n=10 (0.9%), 
0 patients with positive PCR

– Unstable angina, n=49 (4.3%), 
14 patients with positive PCR

– No final diagnosis, n=9 (0.8%), 
1 patient with positive PCR

– Pulmonary embolism, n=1 (0.1%), 
0 patients with positive PCR

1,130 patients with suspected STEMI
March 14 to April 30, 2020

(109 patients with positive PCR [9.6%])

1,010 patients with
confirmed STEMI (90.0%)

Figure 1. Flow chart of patients. STEMI. NSTEMI: non-ST-elevation 
myocardial infarction; PCR: polymerase chain reaction; 
STEMI: ST-elevation myocardial infarction

Table 1. Comparison of clinical features in patients with 
confirmed ST-segment elevation myocardial infarction according 
to whether they had confirmed COVID-19 or not.

Non-COVID-19 
STEMI 
N=919

COVID-19 
STEMI 
N=91

p-value

Age, years 62.5±13.1 64.8±11.8 0.95

Male gender - no./total no. (%) 717/915 (78.4) 76/90 (84.4) 0.18

Clinical history - no./total no. (%)

Hypertension 489/919 (53.3) 47/91 (51.7) 0.28

Diabetes 192/917 (20.9) 21/91 (23.1) 0.06

Hyperlipidaemia 429/915 (46.9) 44/91 (48.4) 0.27

Current smoker 415/913 (45.5) 17/91 (18.7) <0.001

Previous coronary artery 
disease 119/916 (13.0) 14/90 (15.6) 0.04

First medical contact – no./total no. (%)

Out-of-hospital emergency 
medical service 417/913 (45.7) 29/91 (31.9)

<0.001
Primary care centres 189/913 (20.7) 6/91 (6.6)

Non-PCI hospitals 179/913 (19.6) 24/91 (26.4)

PCI hospitals 125/913 (13.7) 30/91 (33.0)

N.A. 3/913 (0.3) 2/91 (2.2)

COVID-19 status on admission – no./total no. (%)*

Neither symptoms nor close 
contacts 731/914 (80.0) 16/91 (17.6)

<0.001Symptoms of COVID-19 47/914 (5.1) 29/91 (31.9)

Confirmed diagnosis 0/914 (0) 43/91 (47.3)

Unknown/not available 136/914 (14.9) 3/91 (3.3)

Reperfusion strategy at first medical contact – no./total no. (%)

PPCI 838/919 (91.2) 87/90 (96.7)

0.19
Fibrinolysis 23/919 (2.5) 3/90 (3.3)

Diagnosis doubt, hospital 
transfer for decision 54/919 (5.9) 0/90 (0)

Not available 4/919 (0.4) 0/90 (0)

Complications before PCI – no. (%)

Ventricular fibrillation 55/919 (6.0) 6/91 (6.8) 0.82

Asystole 9/919 (1.0) 1/91 (1.1) 0.91

Mechanical ventilation 42/919 (4.6) 6/91 (6.6) 0.39

Heart failure on admission – no./
total no. (%) 169/919 (18.4) 29/91 (31.9) 0.002

Plus-minus values are means±SD. * All patients were eventually diagnosed with COVID-19 
by PCR. PCI: percutaneous coronary intervention; PCR: polymerase chain reaction; 
PPCI: primary percutaneous coronary intervention
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ANGIOGRAPHIC AND PROCEDURAL CHARACTERISTICS
Table 2 shows angiographic and procedural characteristics. Absence 
of significant stenosis on coronary angiography was present in 
2.6% in patients with STEMI as the final diagnosis and 59.2% in 
patients with other diagnoses. In the whole cohort, 8.6% of patients 
did not have significant coronary stenosis (8.2% in patients with-
out COVID-19 and 11.9% in COVID-19 patients). Patients with 
confirmed COVID-19 less frequently received pre-treatment with 
acetylsalicylic acid (ASA) and P2Y12 inhibitors (87.9% vs 95.1%, 
p=0.004, for ASA, and 84.6% vs 93.8%, p=0.001, for P2Y12 inhib-
itors). Conversely, mechanical thrombectomy (44% vs 33.5%, 
p=0.046) and glycoprotein (GP) IIb/IIIa inhibitors during the pro-
cedure (20.9% vs 11.2%, p=0.007) were more frequently used in 
COVID-19 patients.

DELAYS TO REPERFUSION
Table 3 shows the main delays to reperfusion intervals. Time 
between symptom onset and first medical contact trended to be 
shorter in COVID-19 patients (70 [30-240] vs 100 [40-211] minutes, 
p=0.15); there were no differences in time between symptom onset 
and reperfusion (231.5 [150-383] vs 240 [126-385] minutes, p=0.29). 
The time between first medical contact and reperfusion was simi-
lar in both groups (110 [80-157] vs 105 [80-151] minutes, p=0.29).

IN-HOSPITAL OUTCOMES
Figure 3 summarises in-hospital outcomes. Patients with COVID-19 
had an increased in-hospital mortality (23.1% vs 5.7%, p<0.0001), 
driven by both non-cardiovascular (9.9% vs 0.5%, p<0.001) and 
cardiovascular causes (13.2% vs 5.1%, p=0.002). This association 

Unknown 144 (14.3%) Not available 3 (2.1%)
  PCR test not performed 79 (54.9%)
  PCR performed 62 (43.1%) Negative 59 (41.0%)
    Positive 3 (2.1%)

  747 (74.0%) Not available 4 (0.5%)
    PCR test not performed 422 (56.5%)
    PCR performed 321 (43.0%) Negative 305 (40.8%)
    Positive 16 (2.1%)

 76 (7.5%) Not available 1 (1.3%)
    PCR test not performed 2 (2.6%)
    PCR performed 73 (96.1%) Negative 44 (57.9%)
    Positive 29 (38.2%)

Previous positive PCR test 43 (4.3%) Not available 0 (0%)
  PCR test not performed 12 (27.9%)
  PCR performed 31 (72.1%) Negative 6 (14.0%)
    Positive 25 (58.1%)

COVID-19 diagnostic status on admission COVID-19 diagnostic status during hospitalisation

No symptoms compatible
with COVID-19 / 
No previous PCR test

Symptoms compatible
with COVID-19 / 
No previous PCR test

Figure 2. COVID-19 diagnostic status path. Patients were categorised on admission according to their COVID-19 status into four 
groups: unknown, no symptoms compatible with COVID-19 or previous PCR test, symptoms compatible with COVID-19 but no previous 
PCR test or previous positive PCR test. Although it is essential to perform a PCR assay at admission in all patients, it should be noted that at 
the beginning of the pandemic, when this study was carried out, PCR was not available in many facilities. PCR: polymerase chain reaction

COVID-19

Non-COVID-19

(%) 30

20

10

0

p<0.001

p=0.002

p<0.001

p=0.020 p=0.21

p=0.007

p=0.08 p=0.06
p=0.87

p<0.001

23.1

5.7

9.9

0.5

13.2

5.1

16.5

6.0
3.3

1.5

9.9

3.8 4.4
1.7

4.4
1.6 1.3 1.1

3.3
0.8

Mortality Non-cardio-
vascular
mortality

Cardio-
vascular
mortality

Stent
thrombosis

MACE Major
bleeding

Cardiogenic
shock

after PCI

Pulmonary
oedema
after PCI

Mechanical
ventilation
after PCI

Mechanical
complication

Figure 3. In-hospital outcomes. MACE: major adverse cardiovascular events (defined as cardiovascular mortality, non-fatal myocardial 
infarction or stent thrombosis)
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remained consistent after adjustment for age, sex, Killip class and 
time from symptom onset to reperfusion (OR 4.85, 95% CI: 2.04-
11.51; p<0.001).

Interestingly, an increase of in-hospital stent thrombosis was 
observed (4.1% vs 0.8%, p=0.015) as well as an increase in cardio-
genic shock after PCI (9.9% vs 3.8%, p=0.007). Stent thrombosis in 
patients with COVID-19 was acute and over drug-eluting stents in 
all cases; all patients were on aspirin and clopidogrel. Major cardio-
vascular events, defined as cardiovascular mortality, non-fatal acute 
myocardial infarction or acute stent thrombosis, were also more 
frequent in patients with COVID-19 (16.5% vs 6.0%, p<0.001).

Discussion
To our knowledge, this is the first study to have evaluated the 
influence of COVID-19 on early outcomes in patients with STEMI 
cared for in specific care networks in comparison with contem-
poraneous non-COVID-19 STEMI patients, as well as the largest 

Non-COVID-19 
STEMI  
N=919

COVID-19 
STEMI  
N=91

p-value

Patient reception site at PPCI hospital – no./total no. (%)

Previously admitted to the 
hospital 6/907 (0.7) 8/89 (9.0)

<0.001Emergency room 192/907 (21.2) 23/89 (25.8)

Critical care unit 65/907 (7.2) 8/89 (9.0)

Direct to cath lab 640/907 (70.6) 50/89 (56.2)

Killip class on cath lab arrival – no./total no. (%)

I 750/895 (83.8) 62/88 (70.5)

0.011
II 68/895 (7.6) 10/88 (11.4)

III 16/895 (1.8) 4/88 (4.6)

IV 61/895 (6.8) 12/88 (13.6)

Coronary artery disease extent – no./total no. (%)

1-vessel disease 554/919 (60.3) 55/91 (60.4)

0.672-vessel disease 259/919 (28.2) 22/91 (24.2)

3-vessel disease 82/919 (8.9) 12/91 (13.2)

Radial access 821/905 (90.7) 77/87 (88.5) 0.50

Location of culprit vessel – no./total no. (%)

Left main coronary artery 15/919 (1.6) 1/91 (1.1) 0.70

Left anterior descending 414/919 (45.1) 45/91 (49.5) 0.42

Left circumflex 150/919 (16.3) 12/91 (13.2) 0.44

Right coronary artery 328/919 (35.7) 35/91 (38.5) 0.59

Bypass graft 3/919 (0.3) 0/91 (0) 0.59

Basal TIMI flow – no./total no. (%)

0 654/899 (72.8) 62/89 (69.6)

0.18
1 55/899 (6.1) 10/89 (11.2)

2 85/899 (9.6) 5/89 (5.6)

3 105/899 (11.7) 12/89 (13.5)

Non-COVID-19 
STEMI  
N=919

COVID-19 
STEMI  
N=91

p-value

Final TIMI flow – no./total no. (%)

0 16/903 (1.7) 1/88 (1.7)

0.66
1 9/903 (1.0) 2/88 (1.1)

2 41/903 (4.5) 5/88 (5.7)

3 837/903 (92.7) 80/88 (90.9)

PCI characteristics – no./total no. (%)

Balloon angioplasty 378/919 (41.1) 33/91 (36.3) 0.37

Mechanical thrombectomy 308/919 (33.5) 40/91 (44.0) 0.046

Bare metal stent implantation 26/919 (2.8) 4/91 (4.4) 0.40

Drug-eluting stent implantation 803/919 (87.4) 73/91 (80.2) 0.06

Pharmacological treatment during coronary angiography– no./total no. (%)

Aspirin 874/919 (95.1) 80/91 (87.9) 0.004

P2Y12 inhibitors 863/919 (93.9) 77/91 (84.6)

0.001
Clopidogrel 282/919 (30.7) 32/91 (35.2)

Ticagrelor 448/919 (47.9) 36/91 (39.6)

Prasugrel 159/919 (17.3) 11/91 (12.1)

IIb/IIIa inhibitors 103/919 (11.2) 19/91 (20.9) 0.007

Unfractionated heparin 708/919 (77.0) 64/91 (70.3) 0.17

Low molecular weight heparin 40/919 (4.4) 5/91 (5.5) 0.61

Bivalirudin 5/919 (0.5) 0/91 (0) 0.48

Cangrelor 7/919 (0.8) 1/91 (1.1) 0.73

Decision after coronary angiography – no./total no. (%)

PPCI 861/908 (94.8) 87/89 (97.8)

0.60
Rescue PCI 14/908 (1.5) 1/89 (1.1)

Routine early PCI after fibrinolysis 12/908 (1.3) 0/89 (0)

Coronary angiography without PCI 21/908 (2.3) 1/89 (1.1)

PCI: percutaneous coronary intervention; PPCI primary percutaneous coronary intervention

Table 2. Comparison of angiographic and procedural characteristics in patients with confirmed ST-segment elevation myocardial 
infarction according to whether they had confirmed COVID-19 or not.

Table 3. Time intervals between onset of symptoms and 
reperfusion according to whether the patients had confirmed 
COVID-19 or not.

Median 
[interquartile 

range]
p-value

Onset of symptoms to first medical contact, minutes

Non-COVID-19 STEMI (n=879) 100 [40-211] 0.15

COVID-19 STEMI (n=86) 70 [30-240]

Onset of symptoms to reperfusion, minutes

Non-COVID-19 STEMI (n=854) 231.5 [150-383] 0.29

COVID-19 STEMI (n=83) 240 [126-385]

First medical contact to reperfusion, minutes

Non-COVID-19 STEMI (n=839) 110 [80-157] 0.29

COVID-19 STEMI (n=81) 105 [80-151]

STEMI: ST-elevation myocardial infarction
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series of COVID-19 STEMI patients thus far. It has the advantages 
of being multicentre and multi-region, providing a more balanced 
approach than the previously published manuscripts. Compared to 
non-COVID-19 patients, there was a higher percentage of heart 
failure on arrival and increased in-hospital mortality in COVID-
19 patients with a hazard risk of 4.85 after controlling for age, 
sex, class and time from symptom onset to reperfusion. In addi-
tion, patients had evidence of more thrombotic lesions with higher 
use of mechanical thrombectomy and GP IIb/IIIa inhibitors and 
an increase in in-hospital stent thrombosis and cardiogenic shock 
development after PCI.

PREVALENCE OF COVID-19 IN STEMI
On 3 May 2020, confirmed COVID-19 cases in Spain were 
217,416, implying a prevalence of confirmed cases (positive PCR 
assay) of 0.5%7. The reported prevalence of COVID-19 in STEMI 
patients at the beginning of the pandemic all over the country was 
6.3%8, but these data included many hospitals without any case 
diagnosed. In our series we found a prevalence of 9.0%; 43 patients 
(4.3%) were already COVID-19 confirmed cases at the time of 
STEMI. PCR was performed during admission in 456 out of the 
remaining 967 patients. Thus, 511 STEMI patients never had PCR 
and therefore it is plausible that the prevalence of COVID-19 in 
our cohort is underestimated. In fact, it is estimated that more 
than half of SARS-CoV-2 infected patients are asymptomatic9. 
Nevertheless, up to 96% of patients with clinical suspicion of 
COVID-19 during admission had a PCR assay. Of the 823 patients 
with clinical information on the presence or absence of symptoms 
related to COVID-19 on admission and without previous diagno-
sis, only 45 (5.5%) had a positive PCR assay (2.1% asymptomatic 
and 38.2% with any symptom suggestive of the disease). Although 
in the current situation it is essential to perform a PCR assay on 
admission in every patient, it should be noted that, at the beginning 
of the pandemic, when this study was carried out, PCR was not 
readily available in many facilities.

ANGIOGRAPHIC CHARACTERISTICS
A recent case series of STEMI patients with PCR-confirmed 
COVID-19 from several hospitals in Lombardy, Italy, reported up 
to 39.3% of patients without obstructive coronary artery disease. 
In fact, PCI was performed in only 60.7% of STEMI cases2. It 
is not clear if those were consecutive patients or selected cases. 
Our data show a very different scenario, with an incidence of non-
obstructive coronary artery disease in COVID-19 STEMI patients 
of only 2.2%, not different to COVID-19 negative patients. In our 
case, all patients were cared for in STEMI code networks. The cri-
teria for STEMI code activation were chest pain and an ECG with 
ST-segment elevation. There were 120 patients with a final diagno-
sis different from STEMI (10.7%), which is very similar to what we 
found when compared with STEMI activity during 2019 in Spain; 
among patients with a final diagnosis different from STEMI, non-
obstructive coronary artery disease was also similar to what was 
found during 2019, when there was no COVID-198. Between 1-14% 

of STEMI occur in the absence of obstructive coronary artery dis-
ease. We analysed only patients with a confirmed STEMI diagno-
sis and so we excluded other causes of myocardial infarction with 
non-obstructed coronary arteries such as myocarditis, Takotsubo 
syndrome, non-ST-elevation myocardial infarction or pulmonary 
embolism which, in our series, represented 10.6% of patients.

Choudry et al recently reported a single-centre experience in 
patients with confirmed STEMI and COVID-1910. Their findings 
are in line with our findings and suggest a strong signal towards 
a higher thrombus burden and poorer outcomes in patients with 
COVID-19 and STEMI. Interestingly, they performed an angio-
graphical analysis and found that COVID-19 patients presented 
higher multivessel thrombosis, higher thrombus grade and poorer 
myocardial blush grade after PCI. Levels of D-dimer were found 
to correlate with thrombus grade, myocardial blush grade, and lev-
els of heparin requirement during the primary PCI procedure, with 
a suggestion of higher heparin doses required to achieve thera-
peutic activated clotting times (ACT) in this cohort.

REPERFUSION STRATEGY
Different scientific societies have developed recommendations 
on reperfusion strategy during the COVID-19 outbreak, with 
advice that differs, depending on the conditions in each coun-
try. In China, the Pekin Union Medical College Hospital recom-
mended thrombolysis as the first choice of treatment, and only 
recommended coronary intervention after ruling out COVID-19, 
even in case of contraindications to fibrinolysis11. The American 
College of Cardiology Interventional Council and the Society for 
Cardiovascular Angiography and Interventions stated that fibrino-
lysis could be considered an option for relatively stable STEMI 
patients with active COVID-19 to prevent staff exposure12. The rec-
ommendation of the Spanish Society of Cardiology was to maintain 
PPCI as the reperfusion strategy of choice in all patients during the 
COVID-19 crisis13. In agreement with this recommendation, >90% 
of patients in both groups underwent mechanical reperfusion. Delays 
to reperfusion were similar in both groups, but the time between 
symptom onset and first medical contact tended to be shorter in 
patients with COVID-19. This is probably due to the fact that 
9% of COVID-19 patients who presented a STEMI were already 
admitted to a hospital, compared to 0.7% of the non-COVID-19 
patients. Furthermore, up to 5.9% of non-COVID-19 patients were 
transferred to another centre to decide whether or not they had 
a STEMI, while this did not occur in any patient with COVID-19.

Pre-treatment with platelet inhibitors was also less frequent in 
patients with COVID-19, probably due to a worse clinical sce-
nario (higher incidence of heart failure on admission) but use of 
thrombectomy devices and administration of GP IIb/IIIa inhibitors 
during PCI was more frequent. Of note, the incidence of acute 
and subacute stent thrombosis was significantly higher in the 
COVID-19 group (4.1% vs 0.8%, p=0.015). Although the lower 
rate of pre-treatment with antiplatelet therapies in these patients 
could have played a role, the heightened inflammatory and pro-
thrombotic state reported in COVID-19 patients14 could also explain 
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this alarmingly high rate of stent thrombosis. Anyway, we believe 
that, among STEMI patients, antithrombotic treatment should be 
more aggressive in those with concomitant COVID-19 infection.

IN-HOSPITAL OUTCOMES
We found a high in-hospital mortality (23.1%) in patients with 
COVID-19 and STEMI. They presented a higher incidence of heart 
failure on admission. Mortality remained higher for patients with 
COVID-19 after adjusting for confounding factors. Undoubtedly, 
COVID-19 infection is a serious disease with a high mortality 
rate, that could explain the higher non-cardiovascular mortality in 
COVID-19 positive STEMI patients. However, additionally, these 
patients had a higher incidence of cardiac events (cardiovascular 
death, reinfarction, or stent thrombosis). In fact, recent reports 
also suggest a higher thrombus burden and stent thrombosis risk 
in patients with COVID-19 and STEMI10. Although this is specu-
lative, COVID-19 disease could reduce haemodynamic tolerance 
to complications related to the infarction, and additionally some 
drugs that have been used against COVID-19 infection could have 
a deleterious effect on cardiovascular function and could have 
interacted with antithrombotic and cardiovascular drugs prescribed 
in STEMI patients.

A recent trial evaluating antiviral medication in patients with 
confirmed SARS-CoV-2 infection and severe respiratory involve-
ment showed a 19.2% to 25% 30-day mortality15. Data from the 
north of Italy suggested an even higher in-hospital mortality in 
STEMI patients with COVID-19 - up to 35.3% in patients treated 
with PCI and 45.4% in patients who did not have a culprit lesion 
on coronary angiography. In this series of cases, the high incidence 
of advanced heart failure or cardiogenic shock (75%) suggests 
a highly selected population that could explain this elevated mor-
tality2. Another case series from the New York area also reported 
a very high mortality in patients with COVID-19 who presented 
ST-segment elevation on electrocardiography, with 50% in-hos-
pital mortality in eight patients with STEMI and 90% in-hospi-
tal mortality in patients with non-coronary myocardial injury. In 
this series, 83% of STEMI patients were treated with PPCI, 12% 
suffered previous cardiac arrest and 25% presented cardiogenic 
shock1. We think that, although with a limited number of patients, 
our non-selected data probably best reflect the reality of patients 
with COVID-19 and STEMI, in line with the recent results of 
a series of 39 patients that found a 17.9% in-hospital mortality10.

Limitations
The limitations of this study are those of any multicentre registry. 
It is impossible to presume that every operator interpreted variables 
in the same way. Also, there is no way to determine inter-observer 
and inter-centre differences in denoting any particular variable. 
However, these definitions are a standard used in interventional 
practice and were originally designed to be intuitively applied by 
the clinician. PCR assays were not systematically performed in all 
patients, but it should be noted that, at the beginning of the pan-
demic, when this study was carried out, PCR was not available in 

many facilities, and it was performed in the vast majority of patients 
who had clinical symptoms of COVID-19 upon admission (96.1%). 
The data collected are not specific for patients with COVID-19 but 
for patients with STEMI and, unfortunately, we do not have avail-
able data on analytical parameters or on other clinical variables that 
could affect the evolution of patients with COVID-19. In any case, 
what is clear is that these patients have a higher risk of adverse 
cardiovascular events during hospital admission for STEMI.

Conclusions
Our study revealed a significant increase in in-hospital mortality in 
patients with STEMI and COVID-19, in comparison with contem-
poraneous non-COVID-19 STEMI patients. We did not find dif-
ferences in the extent of coronary artery disease, and PPCI was the 
reperfusion strategy in the vast majority of patients. COVID-19 
patients presented a higher rate of stent thrombosis and cardio-
genic shock development after PCI.

Impact on daily practice
Despite a similar risk profile and similar total ischaemic time, 
COVID-19 patients presented more frequently with heart fail-
ure and had significantly higher in-hospital mortality (driven 
both by cardiovascular and by non-cardiovascular causes) than 
non-COVID-19 patients. The incidence of acute stent throm-
bosis and cardiogenic shock development after PCI was signi-
ficantly higher in COVID-19 patients. Antithrombotic treatment 
should probably be more aggressive in those with concomitant 
COVID-19 infection to prevent stent thrombosis.
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Universitario de Cabueñes; Vicente Peral, Hospital Universitari Son Espases; Lucía 

Vera Pernasetti, Policlínica Nuestra Señora del Rosario; Julio Hernández, Hospital 
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the title or the abstract 

1 

(b) Provide in the abstract an informative and balanced 

summary of what was done and what was found 

3 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the 

investigation being reported 

6 

Objectives 3 State specific objectives, including any prespecified 

hypotheses 

6 

Methods 

Study design 4 Present key elements of study design early in the paper 7 

Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data 

collection 

7 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

7 

(b) For matched studies, give matching criteria and number of 

exposed and unexposed 

 

Variables 7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 
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Data 

sources/measurement 

8*  For each variable of interest, give sources of data and details 

of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one 
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Bias 9 Describe any efforts to address potential sources of bias 7 
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variables 
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control for confounding 
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(b) Describe any methods used to examine subgroups and 
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Results 
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Outcome data 15* Report numbers of outcome events or summary measures over 
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estimates and their precision (e.g., 95% confidence interval). Make clear 

which confounders were adjusted for and why they were included 
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(b) Report category boundaries when continuous variables were 

categorised 

 

(c) If relevant, consider translating estimates of relative risk into absolute 
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Discussion 
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Limitations 19 Discuss limitations of the study, taking into account sources of potential 

bias or imprecision. Discuss both direction and magnitude of any 

potential bias 
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Interpretation 20 Give a cautious overall interpretation of results considering objectives, 

limitations, multiplicity of analyses, results from similar studies, and 

other relevant evidence 

10-

13 

Generalisability 21 Discuss the generalisability (external validity) of the study results  
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Funding 22 Give the source of funding and the role of the funders for the present 

study and, if applicable, for the original study on which the present 

article is based 
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background and published examples of transparent reporting. The STROBE checklist is best used in 

conjunction with this article (freely available on the Web sites of PLoS Medicine at 
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at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-
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