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1. Introduction

Coronavirus disease 2019 (COVID-19) is known to significantly in-
crease the risk of arterial thrombosis (1*). In patients with type I or
ST-elevation myocardial infarction (STEMI) who have COVID-19 infec-
tion there is data to suggest a poorer in-hospital outcome compared
with patients who are COVID negative and suffer from STEMI (with
higher thrombus burden, increased incidence of delayed presentation,
cardiogenic shock, left ventricular (LV) dysfunction and need for inten-
sive care) [1–5]. However, there is a paucity of comparative long-term
outcome data in this cohort of patients. Here we examine the character-
istics and long terms outcomes of a cohort of COVID positive STEMI pa-
tients treated with primary percutaneous coronary intervention (PCI)
comparing long-term outcomes with a COVID negative group from the
first and second waves of the pandemic.
2. Methods

Thiswas a single-centre retrospective observational study of 566 pa-
tients with confirmed STEMI admitted to Barts Heart Centre, London,
UK between 01/03/2020 and 01/03/2021. The studywas designed to as-
sess the incidence of COVID-19 amongst patients admitted with STEMI
and to compare their baseline characteristics, angiographic, procedural
and clinical outcomes to STEMI patients who were COVID-negative. In-
dividuals included in the analysis were admitted through the emergent
activation pathway for primary PCI. Patients were included if they were
admitted to Barts Heart Centre via London Ambulance Service either
directly from home or via partner district hospitals with cardiac chest
pain and STEMI (ST elevation in 2 or more contiguous leads ≥0.2 mV)
on their ECG or patients admitted with an out of hospital cardiac arrest
(OOHCA) and ECG meeting diagnostic criteria for STEMI on return of
spontaneous circulation. Patients with OOHCA that did not achieve
ROSC and those with non-STEMI were excluded from the study. All of
these patients underwent primary PCI for a culprit coronary occlusion.

All patients with STEMI underwent nasal/throat swab for SARS-CoV-
2 using real time-polymerase chain reaction, blood samples and chest
imaging using chest X-ray. COVID-19 diagnosis was based on either
identification of SARS-CoV-2 on nasal/throat swab or positive serology
or symptoms and chest imaging consistent with COVID-19. Demo-
graphic, procedural and outcome data were collected as part of a
national cardiac audit, all patient-identifiable fields being removed;
therefore, formal ethical approval was not required. A panel of three
interventional cardiologists, blinded to patient COVID-19 status, retro-
spectively reviewed cine-angiographic images of all patients and scored
pre- and post-PCI TIMI flow in the infarct-related artery, thrombus
burden pre- and post-PCI (modified thrombus grade for Grade 5 throm-
bus post initial balloon inflation) (9*). The primary clinical outcome of
all-cause mortality was measured at a median of 350 days (IQR 257-
577). All patients were followed up on clinical pathwayswith electronic
capture of data and outcomes.

Descriptive statistical analyses were performed using SPSS Statistics
version 25.0 (IBM, New York). A 2-sided p-value <0.05 defined
statistical significance. Variables are expressed as counts (percentages),
mean ± standard deviation (SD), and median [lower quartile-upper
quartile] as appropriate. Chi-squared analysis or Fisher's-exact test
was used to compare categorical data between groups. The independent
samples Student t-test or ANOVA test was used to compare normally-
distributed continuous data between groups and the Mann-Whitney U
test was used to compare the distribution of skewed continuous data
between groups.
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Table 1
Baseline patient characteristics. All values are number (%) unless stated otherwise. BMI=
BodyMass Index, MI=myocardial infarction, PCI = percutaneous coronary intervention.

Non-COVID COVID p-Value

n = 365 n = 101

Age (mean ± SD) 59.2.7 (11.6) 60.5 (11.8) 0.824
Male sex 297 (81.4%) 84 (83.2%) 0.658
Black, Asian, Minority Ethnic 176 (48.2%) 51 (50.5%) 0.289
Median BMI (IQR) 27.44

(24.8–28.5)
26.9
(25.1–29.7)

0.598

Past medical history
Hypertension 150 (41.1%) 67 (66.3%) 0.028⁎

Hypercholesterolemia 148 (40.5%) 58 (57.4%) 0.049⁎

Diabetes mellitus 112 (30.7%) 46 (45.5%) 0.048⁎

Smoking history 188 (51.5%) 60 (59.4%) 0.095
Previous MI 37 (10.1%) 13 (12.9%) 0.278
Previous PCI 61 (16.7%) 20 (19.8)% 0.116

STEMI presentation:
ECG presentation 0.815
Anterior/LBBB 216 (59.2%) 63 (62.3%) –
Inferior 106 (29.0%) 31 (30.7%) –
Lateral 22 (6.0%) 4 (4.0%) –
Posterior 21 (5.8%) 3 (3.0%)

Cardiac arrest 18 (4.9%) 11 (10.9%) 0.369
Cardiogenic shock 49 (13.4%) 15 (14.8%) 0.458
Intubated 36 (9.9%) 12 (11.9%) 0.312

Procedural details
Coronary intervention 358 (98.0%) 98 (97.0%) 1.000
Culprit vessel 0.789
LMS 7 (1.9%) 2 (2.0%) –
LAD 218 (59.7%) 61 (60.4%) –
Cx 27 (7.4%) 9 (8.9%) –
RCA 113 (31.0%) 29 (28.7%) –
Multi-vessel thrombosis 26 (7.1%) 16 (15.8%) 0.041⁎

Stent thrombosis – no. (%) 8 (2.2%) 13 (12.9%) 0.007⁎⁎

Stent type 0.567
Xience 271 (75.7%) 73 (74.5%)
Promus 70 (19.6%) 20 (20.4%)
Synergy 17 (4.7%) 5 (5.1%)

Heparin dose IQR 10,450 9950 0.438
Type of P2Y12 0.634
Ticagrelor 252 (69.0%) 72 (71.3%)
Clopdiogrel 73 (20.0%) 20 (19.8%)
Prasugrel 40 (11.0%) 9 (8.9%)

Baseline TIMI flow 0–1 287 (78.6%) 85 (84.2%) 0.887
Baseline thrombus grade (4-5) 281 (77.0%) 87 (86.1%) 0.522
Modified thrombus grade (4-5) 143 (39.2%) 70 (69.3%) 0.008⁎⁎

GP IIb/IIIa inhibitor use 34 (9.3%) 60 (59.4%) <0.0001⁎⁎⁎

Aspiration thrombectomy use 5 (1.4%) 18 (17.8%) 0.0021⁎⁎

Procedural success:
Post PCI TIMI 3 flow 344 (96.1%) 91 (92.9)% 0.687
Median LV ejection fraction
(IQR)

47 (42–51) 43.8 (33–46) 0.017⁎

⁎ P < 0.05.
⁎⁎ P < 0.01.
⁎⁎⁎ P < 0.0001.
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3. Results

Over a 1-year period between 01/03/2020 and 01/03/2021, 101
consecutive patients with COVID-19 presenting with confirmed STEMI
and 465 confirmed STEMI patients without COVID 19 infection were
included (Table 1). Of patients with COVID-19, 12 had established
infection undergoing inpatient treatment at time of presentation
whereas the remaining 89 were first diagnosed at the time of STEMI
presentation.

There were no significant differences in age, sex, ethnic background
or body mass index (BMI) between the two groups. COVID positive
STEMI patients were more likely to be diabetic, hypertensive, and
hyperlipidaemic. ECG presentations, rates of cardiogenic shock and
requirement for pre-hospital intubation were similar in both groups.
All patients had occluded coronary arteries and culprits for presenta-
tionwith themajority of patients undergoing PCI in both groups (98% vs
97%, p = 1.0) (Table 1). A small proportion of patinets in each group
were managed medically due to late presentation or high thrombus
grade (managed pharmacologically). Median door to balloon times
were within 60 min and similar for both groups. As previously
published, in this larger cohort higher thrombus burdens were seen in
patients with COVID-19 as evidenced by higher modified thrombus
grades and use of GPII/IIIa inhibitors [1].

Twenty out of 101 COVID positive patients died in-hospital (19.8%),
10 of these were in the 12 patients with established COVID-19 (83.3%)
at presentation time, with 11.2% in patients with new diagnoses
(Fig. 1a). Therewas a significantly higher in-hospitalmortality observed
in COVID positive patients (19.8%) compared with COVID negative pa-
tients (4.3%, P < 0.0001).

Of the 81 COVID positive patients that survived to discharge, a
further 5 (6.1%) died during follow-up (Median 360 days IQR 260-
680). Kaplan-Meier analysis demonstrates comparable cumulative
incidence of all-cause mortality between COVID positive (6.1%) (who
survived to discharge) and COVID negative groups (5.9%, P = 0.768)
post discharge over the follow-up period (Fig. 1b).

Of the 81 COVID positive patients that were discharged, 56.8% (46/
81) were discharged on aspirin and a potent P2Y12 inhibitor (ticagrelor
or prasugrel), 24.6% (20/81) were discharged on triple therapy (aspirin,
P2Y12 and DOAC) and 18.5% (15/81) were discharged on aspirin and
clopidogrel alone. 4/5 deaths in the COVID positive group occurred in
patients on aspirin and clopidogrel therapy of which 2 were confirmed
and 2 were possible stent thromboses.

4. Discussion

We report for the first-time long-term outcomes in a large single
centre COVID positive STEMI cohort. ACS and STEMI occurring in
patients with COVID-19 have been shown to be associated with poor
outcomes in several series [1–5] but little data has been shown post
discharge. In this study we demonstrate favourable long termmortality
rates (5%) in COVID positive STEMI patients who survive to discharge
comparable to a COVID negative STEMI cohort.

In-hospital mortality in COVID positive STEMI patients treated with
PCI has previously been reported between 18% and 32% [1–5]. Our
own study reported an 18% in-hospital mortality1, with a 23% in-
hospital mortality rate reported in the Spanish COVID positive STEMI
cohort2. In the international COVID-ACS registry that enrolled 144
COVID positive STEMI patients, mortality was found to be 22.9% related
to increased incidence of cardiogenic shock and late presentation in this
cohort3. The North American COVID-19 STEMI registry enrolled 594
STEMI patients at 64 sites: 171 ofwhomwere confirmed COVID-19 pos-
itive. Similarly, the in-hospital mortality was found to be 33% in the
COVID-STEMI cohortwith higher rates of cardiogenic shock,with longer
hospital stays [4]. Together the findings of these registries highlight the
poor outcomes associated with the presence of COVID-19 infection in
patientswith ACS,whether related to respiratory complications, greater
thrombotic complications or thrombus burden. In this study we show
that long term outcomes in COVID positive STEMI patients surviving
to discharge are similar to COVID negative STEMI patients. The adverse
events in this high-risk cohort appear to occur during the in-hospital
stay associated with reduced ejection fraction and increased thrombus
burden with no signal towards increased events post-discharge out to
18 months.

While there is no data for increased stent thrombosis in long term
follow-up in COVID positive STEMI there is however increased stent
thrombosis observed in acute STEMI patients presenting with con-
current COVID-19 infection. This study, describes a higher thrombus
burden, multivessel thrombus and in-stent thrombosis amongst
COVID-19 STEMI patients, a finding that is replicated in other series
and case reports [1,2,6,7,8,9]. The mechanism of acute stent thrombosis
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Fig. 1.K-M Curves detailingmortality post primary PCI for STEMI. Panel A shows all events following admission to hospital for primary PCI for STEMI. Panel B shows events in patients that
survived to discharge (so events post discharge only).
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is still uncertain, and although we speculate regarding longer term
thrombosis signals this does not appear to be the case based on compa-
rable outcomes between the groups.

Limitations: This is a retrospective observational study in a single
centre and therefore has all the limitations of this type of analysis in-
cluding bias and the potential for confounding. Furthermore, as has
been universally accepted, the sensitivity of diagnostic testing for
SARS-CoV-2 is modest at approximately 60–70% with nasal/pharyngeal
swab 5. In addition, another limitation to this study is that there was a
large heterogeneity in the discharge medications, which could have an
impact on the outcome.

Further study and longer follow up is needed to fully understand the
long-term effects of COVID-19 infection in this cohort. Furthermore, the
study population was unvaccinated, it would be interesting to compare
to a population going forward of the population in the third wave of
COVID-19 who in the UK would have high rates of vaccination.

5. Conclusion

In this study we demonstrate favourable long term mortality rates
(5% at 12months) in COVID positive STEMI patients who survive to dis-
charge, comparable to a COVID negative STEMI cohort. This suggests no
long-term adverse effect of COVID-19 in this patient cohort although
further study and longer follow up is needed.
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