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Impact of COVID-19 pandemic and pandemic-related social restrictions on clinical course
of patients treated for acute ST-elevation myocardial infarction (STEMI) is unclear. In
the present study presentation and outcome of patients with STEMI in the year 2020 were
compared with the years before in a German registry that includes all patients hospital-
ized for acute STEMI in a region with approximately 1 million inhabitants. In the year
2020 726 patients with STEMI were registered compared with 10.226 patients in the years
2006 to 2019 (730 § 57 patients per year). No significant differences were observed
between the groups regarding age, gender and medical history of patients. However, in
the year 2020 a significantly higher rate of patients admitted with cardiogenic shock
(21.9% vs 14.2%, p <0.01) and out-of-hospital cardiac arrest (OHCA) (14.3% vs 11.1%,
p <0.01) was observed. The rate of patients with subacute myocardial infarction (14.3%
vs 11.6%, p <0.05) was elevated in 2020. Hospital mortality increased by 52% from the
years 2006 to 2019 (8.4%) to the year 2020 (12.8%, p <0.01). Only 4 patients (0.6%) with
STEMI in the year 2020 had SARS-CoV-2 infection, none of those died in-hospital. In
conclusion, in the year 2020 a highly significant increase of STEMI-patients admitted to
hospital with advanced infarction and poor prognosis was observed. As the structure of
the emergency network to treat patients with STEMI was unchanged during the study
period, the most obvious reason for these changes was COVID-19 pandemic-related lock-
down and the fear of many people to contact medical staff during the pandemic. © 2021
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Since December 2019, a new viral pneumonia caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and its clinical manifestation, named coronavirus
disease 2019 (COVID-19), spread to a global pandemic.1-3

The pandemic-related “lockdown” with social distancing
restrictions and the fear of many people to contact medical
staff should have implications on the incidence and charac-
teristics of patients admitted to hospital with cardiovascular
diseases. In the last months researchers from many countries
worldwide reported a decrease of hospital admissions due
to cardiac emergencies.4-10 In patients with ST-elevation
myocardial infarctions (STEMIs) an increase of mortality
has been described.11

We therefore aimed to analyze presentation and outcome
of consecutive patients with STEMI in the “corona-year”
2020 compared with the years before, using data of large
German STEMI registry.
Methods

The Bremen STEMI registry (BSR) includes data from all
patients with STEMI in a region of one million inhabitants in
Northwest Germany since the year 2006. All patients which
are admitted to the Bremen Heart Centre with the diagnosis
STEMI are documented in the registry. Emergency services
and regional hospitals are closely connected by telephone
and fax with the interventional centre for rapid communica-
tion to enable urgent percutaneous coronary interventions
(PCI). Documentation for the BSR is done via data sheets
completed by the responsible interventional cardiologist and/
or through patient records after a cardiologist has confirmed
the diagnosis. Data about age, gender, concomitant diseases,
severity of STEMI, acute medical or interventional treat-
ment, as well as laboratory parameters at admission and dur-
ing the hospital stay are recorded. After discharge major
adverse cardiac and cerebral events as well as bleeding
events are documented through follow-up examination per-
formed after 1, 5, and 10 years by a telephone interview.
Before inclusion of patient records in the database, a written
consent on study participation was obtained. The BSR was
approved by the ethical committee of the €Arztekammer Bre-
men, Germany. Studies about methods and results from the
BSR have been previously published elsewhere.12-14
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For the present analysis all consecutive patients with
STEMI documented in the BSR in the year 2020 were com-
pared with the patients in the years before (2006 to 2019).
The groups were compared regarding clinical presentation,
treatment and hospital outcome of the patients.

According to international guidelines, STEMI was defined
as persistent angina pectoris for ≥ 20 minutes in conjunction
with a ST segment elevation in two contigous leads of ≥
0.25 mV in men below the age of 40 years, ≥ 0.2 mV in
men over the age of 40 years, or ≥ 0.15 mV in women in leads
V2-V3 and/or ≥ 0.1 mV in all other leads or new left bundle
branch block (LBBB).15

Subacute STEMIs were defined as STEMIs with >12 hours
between first symptoms and first medical contact and/or signs
of a subacute myocardial infarction in the ECG at admission.
As the period between symptoms and first medical contact
was not known in some cases, especially in patients with
out-of-hospital cardiac arrests (OHCA) and cardiogenic
shock that died during hospital course, signs of subacute
myocardial infarction in the ECG were included in the
definition of subacute STEMIs to make the diagnosis
when symptom-to-medical contact time was not available.

Baseline characteristics of patients were described by
mean values and standard deviations for continuous varia-
bles. Absolute numbers and percentages were reported for
categorical variables. Data were tested for normal distribu-
tion by Kruskal-Wallis testing and distribution analysis. For
continuous variables comparison between the groups was
done by t-tests (if data were normally distributed) or Mann-
Whitney-U-tests (if data were not normally distributed). For
categorical variables groups were compared by chi-square
tests and Fisher’s exact tests (if events were rare). A p value
< 0.05 was considered as statistically significant. All calcu-
lations were done with SPSS (IBM, version 22).
Table 1

Patients admitted with STEMI in the year 2020 versus 2006 to 2019

Parameter 2020 (n = 726) 2006-2019 (n = 10.226)
Results

In the year 2020 726 patients with STEMI were docu-
mented in the BSR. In the 14 years before, a mean of 730 §
57 patients per year, with a total of 10.226 patients between
2006 and 2019, was registered in the BSR. Comparing the
both groups, no significant differences were observed
regarding age (64.8 § 12.3 years vs 64.1 § 13.3 years,
Figure 1. Major differences between patients with STEMI admitted to

hospital in the year 2020 versus 2006-2019. OHCA indicates out-of-hospi-

tal cardiac arrest.
p = n.s.), gender (74.9% vs 72.2% male, p = n.s.) and medi-
cal history of the patients, such as prior myocardial infarc-
tion, diabetes mellitus or active smoking (Table 1).

However, in the year 2020 a highly significant increase
of patients that were admitted with cardiogenic shock
(21.9% vs 14.2%, p <0.01) and after OHCA (14.3% vs
11.1%, p <0.01) was observed. The proportion of patients
without any clinical signs of heart failure (Killip class I) at
admission was significantly lower in the year 2020 than in
the years before (75.3% vs 82.7%, p <0.01). The rate of
patients with subacute myocardial infarction was elevated
by 23% in the year 2020 (14.3% vs 11.6%, p <0.05)
(Table 1).

Comparing the admission data of 2020 with each year
from 2006 to 2019, the rates of cardiogenic shock, OHCA
and subacute myocardial infarction in the year 2020 were
higher than that of any year from 2006 to 2019 (Supplemen-
tal Table 1).

The maximum creatine kinase levels did not differ
significantly between the groups; however, a higher rate of
patients with coronary 3-vessel disease (37.0% vs 31.7%,
p <0.01) was observed in patients that were admitted in the
year 2020 (Table 2).

Rate of revascularization therapy was not different
between the groups; only 4.5% vs. 5.2% (p = n.s.) did not
receive revascularization therapy (PCI or emergency
CABG), because they died before revascularization therapy
could be performed or coronary artery disease was treated
conservatively. Door-to-balloon-time of interventionally
treated patients was lower in the year 2020 compared with
the years before (Table 2).

A low rate of reinfarctions or strokes was observed dur-
ing hospital course without significant difference between
the groups (Table 2). However, in the year 2020 an
increased rate of in-hospital cardiac arrests (6.3% vs 4.7%,
p <0.05) was documented. Hospital mortality increased by
52% from the years 2006 to 2019 (8.4%) to the year 2020
(12.8%, p <0.01) (Figure 1).
Age (years),MV § SD 64.8 § 12.3 64.1 § 13.3

Men 544 (74.9%) 7379 (72.2%)

Prior myocardial infarction 97 (13.4%) 1134 (11.1%)

Diabetes mellitus 155 (21.3%) 1992 (19.5%)

Active smokers 282 (38.8%) 4183 (40.9%)

Admission data:

Cardiogenic shock = Killip IV 159 (21.9%)** 1456 (14.2%)**

Killip III 12 (1.7%) 161 (1.6%)

Killip II 8 (1.1%) 147 (1.4%)

No signs of HF = Killip I 547 (75.3%)** 8462 (82.7%)**

Out-of-hospital cardiac arrest 104 (14.3%)** 1133 (11.1%)**

Subacute myocardial infarction 104 (14.3%)* 1182 (11.6%)*

* p <0.05,
** p <0.01 between the groups
MV § SD indicates mean value § standard deviation

HF indicates heart failure;

Subacute myocardial infarction indicates >12 hours between first symp-

toms and first medical contact and/or signs of a subacute myocardial

infarction in the ECG at admission.



Table 2

Hospital course of patients with STEMI in the year 2020 versus 2006-2019

Parameter 2020 (n = 726) 2006-2019

(n = 10.226)

Clinical findings and treatment:

Coronary 3-vessel diseasea 264 (37.0%)** 3215 (31.7%)**

Revascularization therapy

by primary PCI

658 (90.6%) 9201 (90.0%)

Door-to-balloon-time,

minutesMV § SD

39 § 15** 45 § 22**

Revascularization therapy

by emergency CABG

35 (4.8%) 494 (4.8%)

No revascularization therapy 33 (4.5%) 531 (5.2%)

Maximum CK-levels,

U/lMV § SD

1915 § 3860 1910 § 3075

Outcome:

Reinfarction 2 (0.3%) 83 (0.8%)

Stroke 2 (0.3%) 55 (0.5%)

In-hospital cardiac arrest 46 (6.3%)* 481 (4.7%)*

Mortality 93 (12.8%)** 864 (8.4%)**

* p <0.05,
** p <0.01 between the groups.
a In 84 patients (n = 12 in the year 2020, n = 72 in the years 2006 to 2019)

patients died before coronary status could be obtained.

MV § SD indicates mean value § standard deviation; CK = creatine

kinase; CABG = coronary artery bypass grafting; PCI = percutaneous coro-

nary intervention.
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Analyzing the results of SARS-CoV-2 testings in
patients hospitalized due to STEMI, only 4 patients (0.6%)
had positive tests, while 624 patients had negative tests. In
98 patients at the begin of the year 2020 no SARS-CoV-2
tests were performed (because in the first weeks of the year
2020 no serial SARS-CoV-2 testings were performed).
None of the SARS-CoV-2 positive STEMI-patients died in-
hospital.
Discussion

The main result of the present study was that in the
“corona-year” 2020 patients with STEMI presented with a
54% increased rate of cardiogenic shock and a 29%
increased rate of OHCA. Hospital mortality was elevated
by 52% compared with the years before. The most obvious
reason for these changes was COVID-19 pandemic-related
lockdown and the fear of many people to contact medical
staff and clinics during the pandemic.

The rate of patients admitted with STEMI in the year
2020 was similar to the years before. This was in contrary
to the rate of cardiac catheterizations for other diagnoses,
such as unstable angina or chronic coronary syndrome, at
the Bremen Heart Center, that decreased in the year 2020.
However; this was in good accordance to the study of St€ohr
et al., who reported a decrease in admissions for syncope
and/or dizziness, heart failure or unstable angina, but not
for unavoidable admissions, such as STEMIs, strokes or
patients after resuscitations.6

Although the number of patients with STEMI did not
change in the year 2020, the characteristics of patients with
STEMI did dramatically. Our data demonstrate high rates
of patients presenting with cardiogenic shock, after OHCA
and with subacute myocardial infarction in the year 2020.
In line with that, studies from Italy and the United States
reported an increase of OHCAs with low rates of return of
spontaneous circulation since the COVID-19 pandemic
began.16-18 In a large survey of the European Society of
Cardiology approximately 60% of all physicians reported
that STEMI-patients presented later than usual and >40%
of patients admitted to hospital presented beyond the opti-
mal time window for PCI.10 Independent predictors of the
reported higher rate of delayed STEMI presentation were a
country in total lockdown, >100 COVID-19 cases admitted
locally, and the complete restructuring of the local cardiol-
ogy service.10

It was not surprising in the present study that the high
rate of patients with cardiogenic shocks and after OHCA in
the year 2020 resulted in a high rate of in-hospital cardiac
arrests and mortality, because cardiogenic shock and
OHCA are known to be strong predictors of impaired out-
come.19, 20 The high mortality of STEMI-patients was
observed although door-to balloon-time improved in the
year 2020.

As the structure of emergency catheterization in the ana-
lyzed cohort is monocentric and unchanged since many
years, an external factor should have led to the changes in
presentation and outcome of patients with STEMI:
COVID-19 pandemic.

It might be argued that SARS-CoV-2 infection
directly led to an increase of patients with advanced
STEMI and to a poor prognosis, because numerous
studies have shown deleterious effects of SARS-CoV-2
infection on the cardiovascular system.21, 22 Different
pathophysiological mechanisms of SARS-CoV-2 infec-
tion have been reported that induce or worsen cardiovas-
cular diseases, such as inflammatory activation and
cytokine storm leading to acute coronary syndromes,
arrhythmias and heart failure, or coagulation abnomal-
ities leading to thrombotic events.23, 24 However, in our
study less than 1% of all patients with STEMI had
SARS-CoV-2 infection, the vast majority of STEMI-
patients had negative SARS-CoV-2 tests, so that the
impaired prognosis of STEMI-patients in the year 2020
was not directly caused by SARS-CoV-2 infection.

A much more conclusive explanation of the high rate of
advanced myocardial infarctions at hospital admission in
the year 2020 was the pandemic-related lockdown with
social distancing rules and the fear of people of contracting
the virus in clinics, that hampered people to seek medical
help in case of cardiac symptoms.

In conclusion, the present study reports an alarming
increase of STEMI-patients admitted with cardiogenic
shock, OHCA and subacute myocardial infarction in the
year 2020, leading to an elevation of hospital mortality
by 52%. The most obvious explanation of these changes
was pandemic-related lockdown and the fear of people
to seek medical help during the pandemic. It is therefore
crucial to inform people that the risk of untreated
STEMI is much higher than the risk of contracting the
virus in-hospital. If this public education will not be
successful, a worsening of STEMI-prognosis is further
to be expected, as a collateral damage of COVID-19
pandemic.

www.ajconline.org
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