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Abstract

Aims This study aimed to evaluate the impact of coronavirus disease 2019 (Covid‐19) outbreak on admissions for acute myo-
cardial infarction (AMI) and related mortality, severity of presentation, major cardiac complications and outcome in a tertiary‐
care university hospital in Berlin, Germany.
Methods and results In a single‐centre cross‐sectional observational study, we included 355 patients with AMI containing
ST‐elevation or non‐ST‐elevation myocardial infarction (STEMI or NSTEMI), admitted for emergency cardiac catheterization be-
tween January and April 2020 and the equivalent time in 2019. During the early phase of the Covid‐19 pandemic (e‐COV) in
Berlin (March and April 2020), admissions for AMI halved compared with those in the pre‐Covid‐19 time (January and February
2020; pre‐COV) and with those in the corresponding months in 2019. However, mortality for AMI increased substantially from
5.2% pre‐COV to 17.7% (P < 0.05) during e‐COV. Severity of presentation for AMI was more pronounced during e‐COV [in-
creased levels of cardiac enzymes, reduced left ventricular ejection fraction (LVEF), an increase in the need of inotropic support
by 25% (P < 0.01)], while patients’ demographic and angiographic characteristics did not differ between pre‐COV and e‐COV.
Time from symptom onset to first medical contact was prolonged in all AMI during e‐COV (presentation> 72 h +21% in STEMI,
p = 0.04 and presentation > 72 h in NSTEMI +22%, p = 0.02). Door to balloon time was similar in STEMI patients, while time
from first medical contact to revascularization was significantly delayed in NSTEMI patients (p = 0.02). Major cardiac compli-
cations after AMI occurred significantly more often, and cardiac recovery was worse in e‐COV than in pre‐COV, demonstrated
by a significantly lower LVEF (39 ± 16 vs. 46 ± 16, p < 0.05) at hospital discharge and substantially higher NTproBNP levels.
Conclusions The Covid‐19 outbreak affects hospital admissions for acute coronary syndromes. During the first phase of the
pandemia, significantly less patients with AMI were admitted, but those admitted presented with a more severe phenotype
and had a higher mortality, more complications, and a worse short‐term outcome. Therefore, our data indicate that
Covid‐19 had relevant impact on non‐infectious disease states, such as acute coronary syndromes.
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Introduction

The coronavirus disease 2019 (Covid‐19) pandemic has a sig-
nificant impact on the health care systems with an enormous
socio‐economic burden worldwide.1 Since December 2019,
the novel severe acute respiratory syndrome coronavirus 2
(SARS‐CoV‐2) has spread around the globe starting from

Wuhan, China.2,3 The World Health Organization (WHO)
confirmed mid of May 2020 that there are >5 million people
infected with SARS‐CoV‐2 and over 340 000 deaths
worldwide.4 Because of the exponential growth of infections
in the early phase of the pandemia, hospitals from countries
all over the world including China, the USA, Spain, and Italy
were struggling to cope with Covid‐19 patients.5,6 In many
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places, there was a lack of intensive care unit resources
including mechanical ventilators, personal protective equip-
ment supplies, and medical staff.7,8 As a result of the experi-
ence from these Covid‐19 hotspots, many countries decreed
a lockdown of public life with the goal of social distancing
to control the expansion of the virus.9,10 In this context, hos-
pitals in Germany and other countries were obliged by na-
tional and local health care authorities to create Covid‐19
resources, focus on the management of Covid‐19 related
aspects including hospital‐wide implementation of rigorous
hygiene rules, and postponement of all non‐emergency pro-
cedures including coronary angiography for stable coronary
artery disease (CAD).8,11 Guideline‐recommended emergency
interventions for acute coronary syndromes were never
restricted during the Covid‐19 outbreak.12–14 Nevertheless,
cardiologists and other health care professionals all over the
world reported a remarkable reduction in the number of
patient admitted for acute coronary syndromes.8,15–18 There-
fore, we investigated the impact of the Covid‐19 outbreak on
hospital admissions for acute coronary syndromes,
in‐hospital death, major cardiac complications, patient
characteristics, severity of presentation, and cardiac outcome
for all patients who presented at the cardiac
catheterization lab (CCL) starting from 1 March to 30 April
2020 (‘early‐Covid‐19 pandemic = e‐COV’) and compared
them with those of all patients admitted before, starting from
1 January to 29 February (‘pre‐Covid‐19 time = pre‐COV’).

Methods

Data collection

We performed a single‐centre cross‐sectional observational
analysis of all patients admitted with acute coronary syn-
drome [either ST‐elevation or non‐ST‐elevation myocardial
infarction (STEMI or NSTEMI)] to the Department of Internal
Medicine and Cardiology at Charité University Medicine
Berlin, Campus Virchow‐Klinikum between 1 January to 30
April 2020. For comparison, data were also obtained for
January to April 2019. Our centre is a tertiary‐care cardiovas-
cular centre with cardiovascular surgery on site, offering 24/7
coronary intervention availability according to current
guidelines.12 A total of 355 patients were included (208 on
January–April 2019; 96 on January–February 2020; and 51
on March and April 2020). The Covid‐19 pandemic has
reached Germany on 27 January. In consequence, federal
and state authorities implemented a stepwise strategy to
reduce mobility and motivate the community to social
distancing in order to control the outbreak and prevent
exhaustion of the health care system. The Robert Koch Insti-
tute (RKI) provided the country with daily actual information
about the new SARS‐CoV‐2 referring to the official WHO

numbers.4 In cooperation with Humboldt University of Berlin,
the RKI analysed anonymized mobility flows in Germany,
which were gathered from mobile phone data.19 It could be
demonstrated that mobility dramatically dropped in
Germany starting from the beginning of March with a peak
between mid of March to mid of April (time of the so‐called
lockdown in Germany19). Besides largely reduced mobility
due to the countrywide lockdown and reduced availability
of general practitioner and cardiology outpatient services, pa-
tients were concerned of SARS‐CoV‐2 infection by getting in
contact with the health care system. In consequence, re-
duced availability of non‐emergent medical care, as well as
individual concerns on the risks of health care contacts, may
have impact on the clinical course of CAD from stable to
unstable. The main aim of the study was to demonstrate
the impact of the Covid‐19 pandemic on hospitalization and
in‐hospital death for acute myocardial infarction (AMI). A
time delay in admissions for AMI (time from symptom onset
to first medical contact) with consecutive prolonged ischae-
mic time should be evaluated with biomarkers for myocardial
injury [high‐sensitivity troponin (troponin hs) and creatine
kinase (CK)]. Additionally, the persistent myocardial damage
—represented as the maximum of CK and its myocardial iso-
form (CK‐MB)—should be investigated during Covid‐19 in all
AMIs. Furthermore, we investigate the time from symptom
onset to first medical contact in all AMI patients as well as
the door to balloon time in STEMI patients and the time from
first medical contact to revascularization in NSTEMI patients.
The impact of the Covid‐19 pandemic on major cardiac com-
plications, as a composite endpoint of cardio‐pulmonary re-
suscitation, cardiogenic shock—defined by systolic blood
pressure < 90 mmHg for at least 30 min with evidence of
poor tissue perfusion after correction of non‐myocardial fac-
tors and life‐threating arrhythmias [sustained ventricular
tachycardia or fibrillation (VT/VFib)]—should be investigated
in all AMIs. Finally, to evaluate cardiac outcome, we mea-
sured the left ventricular ejection fraction (LVEF, %) with
echocardiography as an important parameter for cardiac
function and additionally determined a specific biomarker
for heart failure incidence [N‐terminal pro‐brain natriuretic
peptide (NTproBNP)] in all AMI patients during the Covid‐19
pandemic. The collection of clinical and laboratory data was
performed using an electronic data storage software and
was cross‐checked by the investigators.

Statistical analysis

Continuous variables were reported as mean ± standard devi-
ation (SD) or median with inter‐quartile range. Categorical
values were presented as absolute values or percentages.
Comparison of continuous variables was performed by
Student t‐test or Mann–Whitney test. The χ2 tests were used
for comparison of categorical values. A two‐sided P‐value of
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<0.05 was considered statistically significant. All statistical
analyses were performed using GraphPad Prism (GraphPad
Software, Inc., La Jolla, CA, USA).

Results

Altogether, 355 AMIs, including STEMI and NSTEMI, were
analysed in this study. There was a remarkable decrease in
AMI patients during the Covid‐19 outbreak in March and April
2020 compared to January and February 2020, as well as to
the previous year 2019, who presented at the CCL at the
Department of Cardiology Charité University Hospital Berlin
—Campus Virchow in Germany.

Reduced hospitalization for acute myocardial
infarction and increased mortality during early
COVID‐19 pandemic

Between 1 January 2020 and 30 April 2020, a total number of
147 AMIs were registered at the CCL. We analysed the AMIs
in the pre‐Covid‐19 time (determined 1 January to 29
February 2020 = ‘pre‐COV’) and compared them with the

AMIs during the early‐Covid‐19 outbreak in Berlin
(determined 1 March to 30 April 2020 = ‘e‐COV’). There
was an enormous decrease in the hospitalization for AMI of
47% (absolute numbers: 96 to 51 AMI) during the COVID‐19
outbreak in Berlin. However, case fatality rate for
AMI increased significantly from 5.2% to 17.7%
(+12.5% with P < 0.05) during the same time. See Figure 1
and Table S1.

Furthermore, we analysed the AMIs during January and
April 2019 and compared the numbers of AMIs and deaths
with those in the respective months in 2020. A total num-
ber of 208 AMIs were registered during the first 4 months
in 2019 (41% more compared with the same time in 2020).
In January and February, there was no difference in terms
of the admission rate for AMI, while starting in March
(reduction around 47% in 2020 compared with 2019) and
especially in April (decrease of 56% in 2020 to 2019), there
was a substantial decrease in hospitalization for AMI.
Mortality was in the same range in January and February
2020 and 2019 (rather a small reduction on February
2020 to 2019 of 4.2% to 8%). Indeed, the case fatality rate
on March 2020 substantially increased from 7.4% in 2019
to 17.9% in 2020 (+10.5%) and on April 2019
from 5.6% to 17.4% in 2020 (+ 11.8%). See Figure 2 and
Table S2.

Figure 1 Hospitalization and case fatality rate for acute myocardial infarction during Covid‐19 pandemic: (A) reduced number of admissions for acute
myocardial infarction (AMI) during early‐Covid‐19 (black bars: e‐COV = 1 March to 30 April) pandemic compared with the pre‐Covid‐19 time (white
bars: pre‐COV = 1 January to 29 February). (B) Increased mortality rate in Covid‐19 outbreak compared with pre‐Covid‐19 time: absolute number
of admissions for AMI during e‐COV (n = 51) and pre‐COV (n = 96). Data are absolute values or percentage. Statistical analysis was performed with
χ2 tests. Statistical significance was reached with a P < 0.05.
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Patient characteristics, clinical and angiographic
presentation

No differences were registered in patient age [age: 70
(56.5–76) vs. 64 (58–72), P = ns] or sex (male: 69% vs. 70%,
P = ns). Most of the patients presented with AMI had arterial
hypertension (90% in pre‐COV vs. 92% in e‐COV, P = ns) and
dyslipidaemia (74% in pre‐COV vs. 78% in e‐COV, p = ns). Fifty
per cent, % of the patients were smokers and had been diag-
nosed with CAD with prior percutaneous coronary interven-
tion (PCI). Thirty per cent had prior MI, and 10% had prior
coronary artery bypass graft surgery with no significant
differences between the groups. Obesity, diabetes, heart

failure, chronic kidney disease, and chronic lung disease were
similar in both groups. More details are listed in Table 1.

In the e‐COV group, 51 AMIs were registered compared
with 96 AMIs in the pre‐COV group, which marks a decrease
of 47%. In the e‐COV group, 51% were STEMI and 49% were
NSTEMI patients (compared with 36% STEMI and 64%
NSTEMI in the pre‐COV group). From patients in the e‐COV
group, 29% presented after resuscitation (compared with
22% in the pre‐COV group, +7%), and 33% had initial cardio-
genic shock (compared with 24% in the pre‐COV group, +9%).
Furthermore, 31% had life‐threatening arrhythmias including
VT and Vfib in the e‐COV group (compared with 25% in the
pre‐COV group, +6%). After cardiac catheterization in 96%

Figure 2 Admission for acute myocardial infarction and mortality between January and April 2020 compared with the previous year 2019: (A) There
were no differences in hospitalizations for acute myocardial infarction (AMI) on January and February 2020 and 2019, while on March and April 2020,
admissions for AMI halved compared with those in 2019. Absolute number of admissions. Grey bars = January to April 2019. White bars = pre‐COV
(January to February 2020). Black bars = e‐COV (March to April 2020). (B) Mortality was unchanged in January and February 2020 and 2019; however,
in March, mortality rate increased by 10.5% and, in April, by 11.8% in 2020 (Covid‐19 outbreak) compared with 2019. Case fatality rate among patients
admitted for AMI in percentage.
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Table 1 Patient characteristics

Patient characteristics Pre‐COV (n = 96) e‐COV (n = 51) P‐value

Age 70 (56.5–76) 64 (58–72) 0.06
Sex (male) 66 (69%) 36 (70%) 0.9
Arterial hypertension 87 (90%) 47 (92%) 0.9
Dyslipidaemia 71 (74%) 40 (78%) 0.8
Obesity 24 (25%) 15 (29%) 0.6
Diabetes mellitus 31 (32%) 18 (35%) 0.7
Coronary artery disease 52 (54%) 27 (53%) 0.9
Prior MI 35 (36%) 16 (31%) 0.3
Prior PCI 49 (51%) 25 (49%) 0.9
Prior CABG 10 (10%) 4 (8%) 0.6
Smoker 43 (45%) 25 (49%) 0.7
COPD 19 (19%) 7 (14%) 0.4
Heart failure 30 (31%) 19 (37%) 0.6
Chronic kidney disease 24 (25%) 16 (31%) 0.5

CABG, coronary artery bypass graft surgery; CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmo-
nary disease; MI, myocardial infarction; PCI, percutaneous coronary intervention.
Absolute number of admissions for acute myocardial infarction during early‐Covid‐19 (e‐COV: (n = 51) = 1 March to 30 April) and pre‐
Covid‐19 pandemic [pre‐COV: (n = 96) = 1 January to 29 February]. Data are median with inter‐quartile range, absolute values, or per-
centage. Statistical analysis was performed with Mann–Whitney test or χ2 test. Statistical significance was reached with a P < 0.05.
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in the e‐COV group and in 95% in the pre‐COV group, a
relevant stenosis of coronary arteries was responsible for
the admission to the hospital. In 4%, a Takotsubo cardiomy-
opathy was diagnosed in the early‐Covid‐19 group compared
with 2% in the pre‐Covid‐19 group. Finally, 3% of the patients
in the pre‐Covid‐19 group were diagnosed with a relevant
myocarditis. For details, see Table 2. The analysis of coronary
angiography showed no difference regarding the culprit ves-
sel, in either STEMI or NSTEMI patients during the e‐COV
and pre‐COV time. Right coronary artery (RCA) was identified
in 41% in e‐COV and in 44% in pre‐COV as culprit lesion; left
anterior descending artery (LAD) was the culprit vessel in 33%
in e‐COV and in 29% in pre‐COV and ramus circumflexus (RCx)
was affected in 16% in e‐COV and pre‐COV. Moreover, suc-
cessful revascularization of the culprit vessel was unchanged
between pre‐COV (96%) and e‐COV (90%).

Severity of presentation with acute myocardial
infarction during COVID‐19 pandemic

Patients with AMI presented with a more pronounced pheno-
type in e‐COV compared with pre‐COV. Markers for myocar-
dial necrosis were significantly increased at first medical
contact in e‐COV time (troponin hs and CK, p < 0.0001). Ini-
tially measured LVEF (%) was more often reduced in patients
with AMI in e‐COV (p = 0.03). An interesting finding was that
in the e‐COV group, 51% need inotropic support (compared
with 26% in the pre‐COV group, +25%, p = 0.001), and 22%
need mechanical haemodynamic support with extracorporeal
membrane oxygenation (va‐ECMO), Impella®, or both
(compared with 10% in the pre‐COV group, +12%, p = 0.1).
Invasive ventilation was needed in 35% of the AMIs in the
e‐COV group (compared with 23% in the pre‐COV group,
+12%). See Table 3.

Time delay in presentation with acute myocardial
infarction during early COVID‐19 pandemic

Time from symptom onset to first medical contact was sub-
stantially delayed in STEMI and NSTEMI patients during
e‐COV compared with pre‐COV. Forty‐three per cent of
STEMI patients presented within the first 12 h from symptom
onset to first medical contact in the pre‐COV time, while only
23% of STEMI patients did that in the e‐COV period. How-
ever, in pre‐COV, only 6% of STEMI patients presented after
72 h, while in e‐COV, 27% did, which was an increase of
21% (p = 0.04). In NSTEMI patients, 33% presented within
the first 12 h to the hospital in pre‐COV, while only 16% of
them did in e‐COV. Indeed, 28% of NSTEMI patients pre-
sented after 72 h during e‐COV compared with only 6% in
pre‐COV, which was again an increase of >20% (p = 0.02)
(Figure 3A and B).

Door to balloon time in STEMI patients was not
significantly changed during e‐COV compared with pre‐COV
(Figure 3C). In NSTEMI patients, the time from first medical
contact to revascularization was significantly delayed during
e‐COV (p = 0.03) compared with pre‐COV (Figure 3D).

Increased major complications in COVID‐19
pandemic

Major complications were defined as cardio‐pulmonary re-
suscitation, cardiogenic shock, and life‐threatening arrhyth-
mias (VT/Vfib) after initial successful revascularization of the
culprit lesion. We noticed a significant increase of 11.3% in
major complications in the early‐Covid‐19 group regarding
cardio‐pulmonary resuscitation (CPR), cardiogenic shock
(CS), and VT/Vfib [pre‐COV: 6.3% (9/96) and e‐COV: 17.6%
(10/51), p = 0.02] (Figure 4).

Table 2 Clinical presentation and diagnosis

Pre‐COV e‐COV P‐value

Clinical presentation
AMI 96 51
STEMI 35 (36%) 26 (51%) 0.4
NSTEMI 61 (64%) 25 (49%) 0.3
Resuscitation (CPR) 21 (22%) 15 (29%) 0.4
Cardiogenic shock (CS) 23 (24%) 17 (33%) 0.3
Life‐threatening arrhythmias (VT/Vfib) 24 (25%) 16 (31%) 0.5

Clinical diagnosis
CAD 91 (95%) 49 (96%) 0.9
TTS 2 (2%) 2 (4%) 0.5
Myocarditis 3 (3%) 0 0.2

AMI, acute myocardial infarction; CAD, coronary artery disease; CPR, cardio‐pulmonary resuscitation; CS, cardiogenic shock; NSTEMI, non‐
ST‐elevation MI; STEMI, ST‐elevation MI; TTS, Takotsubo cardiomyopathy syndrome; Vfib, ventricular fibrillation; VT, ventricular
tachycardia.
Absolute number of admissions for AMI during early‐Covid‐19 [e‐COV: (n = 51) = 1 March to 30 April] and pre‐Covid‐19 pandemic
[pre‐COV: (n = 96) = 1 January to 29 February]. Data are absolute values or percentage. Statistical analysis was performed with χ2 tests.
Statistical significance was reached with a P < 0.05.
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Worse cardiac outcome in COVID‐19 pandemic

In our study, we determined an increase in the maximum of
the cardiac‐specific CK (CK‐MB max, p = 0.05) and the

maximum of CK (CK max, p = 0.04) during the early‐Covid‐19
pandemic as substantially increased markers for sustained
myocardial damage. Additionally, we evaluated cardiac out-
come using echocardiographic measured LVEF (%) and

Table 3 Severity of presentation

Severity of presentation Pre‐COV (n = 96) e‐COV (n = 51) P‐value

Troponin hs (ng/L) 75 (29–200) 292 (64–1165) <0.0001
CK (U/L) 113 (72–232) 391 (124–1191) <0.0001
Patients with LVEF < 45% at first medical contact 15 (20%) 19 (45%) 0.03
Inotropic support 25 (26%) 26 (51%) 0.001
Hemodynamic support (ECMO, Impella) 10 (10%) 11 (22%) 0.1
Invasive ventilation 22 (23%) 18 (35%) 0.2

Increasedmeasured high‐sensitivity troponin (troponin hs, ng/L) and creatine kinase (CK, U/L) at first medical contact during early‐Covid‐19
(e‐COV = 1March to 30 April) pandemic compared with the pre‐Covid‐19 time (pre‐COV = 1 January to 29 February) as a marker for myo-
cardial injury and potentially caused through a prolonged myocardial ischaemic time. Higher percentage of reducedmeasured left ventric-
ular ejection fraction (LVEF < 45%) during e‐COV compared with pre‐COV at first medical contact. Higher use of inotropic support
including dobutamine, epinephrine, norepinephrine, enoximone, and milrinone. Haemodynamic support including veno‐arterial extracor-
poreal membrane oxygenation system (va‐ECMO) and/or left ventricular microaxial pump system (Impella®). Data are absolute numbers or
percentage. Statistical analysis was performed with χ2 tests or Mann–Whitney test. Statistical significance was reached with a P < 0.05.

Figure 3 Time delay in presentation with acute myocardial infarction (AMI) during COVID‐19 pandemic: a higher percentage of ST‐elevation myocar-
dial infarction (STEMI) (A) and non‐ST‐elevation myocardial infarction (NSTEMI) (B) patients presented with a delayed time from symptom onset to first
medical contact in e‐COV compared with pre‐COV. (C) Door to balloon time was not significantly changed in STEMI patients during e‐COV compared
with pre‐COV. (D) Time from first medical contact to revascularization was significantly prolonged in NSTEMI patients during e‐COV. Black bars:
e‐COV = 1 March to 30 April. White bars: pre‐COV = 1 January to 29 February. Data are percentage or minutes. Statistical analysis was performed with
χ2 tests or Mann–Whitney test. Statistical significance was reached with a P < 0.05.
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NTproBNP as a relevant clinical biomarker for heart failure.
We could demonstrate that LVEF (39 ± 16 vs. 46 ± 16,
p = 0.01) after AMI was significantly lower during the early‐
Covid‐19 pandemic and that NTproBNP levels (NTproBNP,
ng/L: 9935 ± 12 922 vs. 5347 ± 8670, p = 0.03) were substan-
tially increased, indicating a worse cardiac outcome and a
higher incidence of heart failure after AMI during the early‐
Covid‐19 pandemic. Days in hospital were unchanged for
AMI during e‐COV and pre‐COV (Figure 5 and Table S3).

Discussion

In our study, we could clearly demonstrate a dramatically
reduced hospitalization for AMI and a significantly
increased mortality for admitted AMI patients during the
early‐Covid‐19 pandemic in a tertiary‐care university hospital
in Berlin, Germany. Furthermore, we observed a time delay

from symptom onset to first medical contact in STEMI and
NSTEMI patients during e‐COV. While door to balloon time
in STEMI patients was not significantly changed, the time
from first medical contact to revascularization in NSTEMI pa-
tients during the early‐Covid‐19 pandemic was significantly
delayed. Consequently, time delay in admission with AMI
was associated with a prolonged ischaemic time, leading to
a more pronounced myocardial injury and damage at first
medical contact represented as relevantly increased cardiac
enzymes, reduced LVEF, and higher use of inotropic support.
Moreover, major cardiac complications including cardiac
arrest, cardiogenic shock, and life‐threatening arrhythmias
occurred substantially more often during the early‐Covid‐19
pandemic. Finally, it could be reported for the first time that
patients admitted with AMI during the early‐Covid‐19
pandemic have a significantly worse cardiac short‐term
outcome in terms of lower LVEF and higher NTproBNP levels
as a marker for heart failure.

In fact, admissions for AMI were halved in the 2 months
after the Covid‐19 outbreak starting on 1 March in Berlin
compared with January and February 2020 where no
Covid‐19 infection was recognized. However, case fatality
rate of AMI significantly increased about 12.5% during the
same time in the Covid‐19 pandemic. A relation of the first
4 months (January to April) in 2020 to 2019 showed that hos-
pitalization for AMI was not different in January and February
of both years, while on March and April 2020, the admissions
for AMI decreased nearly 50% in comparison with those in
2019. In the equivalent period, the mortality of AMI in-
creased substantially about 10% in 2020 compared with
2019, while in the first 2 months, mortality was unchanged
between the years. These findings are in line with other stud-
ies from Hong Kong,15,16 Italy,20 Spain,21 and the USA,8,18

where a decrease in AMI was reported. The potential mecha-
nism leading to the reduction in admissions for MI during the
early‐Covid‐19 pandemic is multifactorial. The recommenda-
tion of social distancing and avoiding congregation of people
led to a substantial decrease in mobility on March and April
2020 compared with January and February 2020 as well as
with the equivalent period in 2019. The RKI and the
Humboldt University of Berlin analysed anonymized mobility
flows in Germany, which are gathered from mobile phone
data (‘Covid‐19‐mobility project’19). There was an initial drop
in mobility up to �39% in mid‐March 2020 until mid‐April
2020 compared with the year 2019, recognized as
representing the time of ‘lockdown in Germany’.19

The majority of hospitals and other health care services
have postponed elective surgeries and cardiac procedures, in-
cluding coronary angiography during the Covid‐19 pandemic,
to be prepared and have enough medical resources including
intensive care units, personal protective equipment, and
medical stuff.8 Emergency response measurements, which
are necessary and important for infection control, were im-
plemented in the regular hospital operation procedures

Figure 4 Major cardiac complications after acute myocardial infarction
(AMI) during Covid‐19 pandemic: major cardiac complications after AMI
represented as a composite endpoint of cardio‐pulmonary resuscitation,
cardiogenic shock, and life‐threatening arrhythmias (including ventricular
tachycardia and ventricular fibrillation) were significantly higher in early‐
Covid‐19 (black bars: e‐COV = 1 March to 30 April) pandemic compared
with the pre‐Covid‐19 time (white bars: pre‐COV = 1 January to 29
February). Data are percentage. Statistical analysis was performed with
χ2 tests. Statistical significance was reached with a P < 0.05.
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including regular temperature measurements, more common
testing of suspected SARS‐CoV‐2 cases, and the early isola-
tion of suspected infected patients.15,16,20Many patients with
severe medical problems, including chest pain, tried to en-
dure their symptoms until intolerance and did not seek out
a hospital, because they are in fear of an infection with
SARS‐CoV‐2 in the clinics. All these factors together

potentially increased time to first medical contact and caused
a further delay in adequate medical therapy. Regarding the
treatment of AMI with PCI as recommended by the guide-
lines, this could lead to a prolonged ischaemic time and
therefore an increased mortality and worse cardiac
outcome.11–14,22 We could not observe any differences in
our patients during the Covid‐19 pandemic regarding age,

Figure 5 Myocardial injury and cardiac outcome of acute myocardial infarction (AMI) during Covid‐19 pandemic: (A) creatine kinase with its myocar-
dial isoform (CK‐MB, U/L) and (B) maximummeasured creatine kinase (CKmax, U/L) as a marker for total myocardial injury and damage after AMI were
elevated during early‐Covid‐19 (black circles: e‐COV = 1 March to 30 April) pandemic compared with the pre‐Covid‐19 time (white circles: pre‐COV = 1
January to 29 February). (E) Significant lower left ventricular ejection fraction (LVEF,%) after AMI during hospitalization and (F) higher levels of
NTproBNP (ng/L) as marker for heart failure in e‐COV. Data are mean ± SD. Statistical analysis was performed with Mann–Whitney test. Statistical sig-
nificance was reached with a P < 0.05.

0

10000

20000

30000

40000

50000

60000

N
T

p
ro

B
N

P
(n

g
/L

)

0

2500

5000

7500

10000

12500

15000

C
K

m
ax

(U
/L

)

-200

0

200

400

600

800

1000

C
K

M
B

(U
/l)

0

20

40

60

80

LV
E

F,
%

= 0.01 C 

D 

A 

B 

Pre-COV e-COV Pre-COV e-COV 

Pre-COV e-COV Pre-COV e-COV 

= 0.05 

= 0.04 
= 0.03 

340 U. Primessnig et al.

ESC Heart Failure 2021; 8: 333–343
DOI: 10.1002/ehf2.13075



sex, or medical history including arterial hypertension,
dyslipidaemia, known CADs with prior MI, PCI or CAGB, dia-
betes, obesity, heart failure, chronic kidney disease, and
chronic obstructive pulmonary disease. Although the total
number of AMI substantially decreased during the early‐
Covid‐19 pandemic in Berlin (�47%), we recognized a small
relative increase in STEMI (+15%) patients in our study. Stud-
ies from US CCLs8 estimated 38% reduction in MI activations,
while in Spain,21 a 40% reduction was noticed. A multicentre
analysis from Northern California even showed a decrease of
48% in AMI (including STEMI and NSTEMI patients) during the
early phase of the Covid‐19 outbreak in the USA.18 Further-
more, there was a small increase in patients admitted to
our CCL after cardio‐pulmonary resuscitation (+7), with car-
diogenic shock (+9%) or with initial life‐threatening arrhyth-
mias including VT or Vfib (+6%). Coronary angiography
evaluation of the culprit vessel could not show any differ-
ences between the pre‐COV and e‐COV periods. Additionally,
initial successful revisualization of the culprit vessel was sim-
ilar in all patients. There are previous studies that investi-
gated the time delay between symptom onset and hospital
admissions for STEMI patients8 as well as the substantially in-
creased time from first medical contact to coronary
revascularization.15,20 In our study, we could demonstrate a
relevant time delay from symptom onset to first medical con-
tact for STEMI and NSTEMI patients. However, door to bal-
loon time was unchanged in STEMI during e‐COV. Time
from first medical contact to revascularization in NSTEMI pa-
tients on the other hand was significantly prolonged during e‐
COV. These delays consecutively lead to a prolongation of the
total ischaemic time after MI. As a potential result of the
prolonged ischaemic time, patients with AMI during e‐COV
presented with a substantially more pronounced phenotype
to the hospitals. The severity of the presentation was
reflected by a significant increase in initial measured troponin
and CK at first medical contact. Furthermore, in 45% of the
patients in e‐COV, the measured LVEF was mild to severely
reduced compared with 20% in the pre‐COV period.
Additionally, patients who presented with AMI during the
early‐Covid‐19 pandemic needed substantially more inotropic
support compared with the pre‐COV time.

Furthermore, we could report that the total damage of
myocardium after AMI was higher during the early‐Covid‐19
pandemic, which was represented as significantly higher
amount of maximum values for CK and CK‐MB. Besides these
findings, we evaluated cardiac function with echocardio-
graphic measured LVEF during hospitalization. We could
demonstrate a significantly lower LVEF as marker for a more
impaired cardiac function after AMI during the early‐Covid‐19
pandemic. Moreover, we recognized a significant increase of
the biomarker NTproBNP in AMI during the early‐Covid‐19
pandemic, which led us to the conclusion that patients with
AMI during the Covid‐19 pandemic have a worse cardiac out-
come and a higher incidence of heart failure. In accordance

with previous reports,15,16,20 we observed a significantly
higher rate of major cardiac complications including CPR,
CS, and VT in AMI during the Covid‐19 pandemic.

To summarize, in our study, we could demonstrate a sub-
stantially reduced hospitalization for AMI as well as a signifi-
cant increase in mortality and major cardiac complications
during the early phase of the Covid‐19 outbreak in a tertiary
university care hospital in Berlin, Germany. Time delay in ad-
mission and medical treatment for AMI resulted in the pro-
longation in myocardial ischaemic time. We could
demonstrate that a prolonged myocardial ischaemic time
was reflected by a significant increase in cardiac enzymes like
troponin hs and CK at first medical contact after AMI
during Covid‐19 outbreak. Furthermore, we recognized
a substantially higher use of inotropic support after AMI dur-
ing the Covid‐19 pandemic as an expression of worse cardiac
function. Moreover, we were able to show that patients who
suffered from an AMI during the Covid‐19 pandemic had a
more pronounced myocardial damage represented as
higher CK max and CK‐MB max values. Finally, patients had
worse cardiac short‐term outcome represented as lower LVEF
and higher incidence of heart failure represented as
increased NTproBNP levels in the early phase of COVID‐19
pandemic.

Conclusions

The Covid‐19 outbreak has a substantial impact on reduced
admission rates and may cause treatment delay in AMI re-
lated to a prolonged ischaemic time. This leads to a higher
mortality, more severe cardiac complications, and a worse
cardiac short‐term outcome of AMI patients during the
Covid‐19 outbreak in a tertiary‐care university hospital in
Berlin, Germany. Our data indicate that Covid‐19 impacts
on non‐infectious disease states, such as acute coronary syn-
dromes. Therefore, it is important that health care profes-
sionals including cardiologists, do not forget their actual
patient population and treat them in compliance with recent
guidelines besides the fight against the SARS‐CoV‐2 infection
all over the world.

Limitations

Clinical data collection during a pandemic emergency is chal-
lenging, and resources are restricted. Most of in‐hospital pro-
cesses underwent reorganization with the focus on patient
care and infection protection. Nevertheless, we collected data
to investigate the impact of the early‐Covid‐19 pandemia on
the admission and mortality rate of AMI in a tertiary‐care uni-
versity hospital in Berlin, Germany. To avoid losing important
and relevant patient information, we cross‐checked reports
from our CCL with the emergency room and intensive care unit
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reports. Extensive data collection during the initial phase of a
pandemia was not possible. Therefore, we had to focus on
the most important and available facts that we can obtain
from our patient population and have to leave out nonessen-
tial but potentially interesting variables like clinical risk scores
in all STEMI and NSTEMI patients. For the same reason, the
study period was limited to the early phase of the Covid‐19
outbreak in Berlin. The short time period of 2months for data
collection represents a source for potential bias. Finally, as this
study was a single‐centre observational study, we just de-
scribed a phenomenon, and no demonstration of a clear cause
can be drawn.
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Table S1. Hospitalization and case fatality rate for acute myo-
cardial infarction during Covid‐19 pandemic Reduced number
of admissions for acute myocardial infarction (AMI) during
early‐Covid‐19 (e‐COV = March 1st to April 30th) pandemic
compared to the pre‐Covid‐19 time (pre‐COV = January 1st
to February 29th). Increased mortality rate in Covid‐19 out-
break compared to pre‐Covid‐19 time: Absolute number of
admissions for AMI during e‐COV (N = 51) and pre‐COV
(N = 96). Data are absolute values or percentage. Statistical
significance was reached with a P < 0.05.
Table S2. Admission for acute myocardial infarction and mor-
tality between January and April 2020 compared to the previ-
ous year 2019: There were no differences in hospitalizations
for AMI in January and February 2020 and 2019, while in
March and April 2020 admissions for AMI halved compared
to 2019. Absolute number of admissions. Mortality was un-
changed in January and February 2020 and 2019, however
in March mortality rate increased by 10.5% and in April by
11.8% in 2020 (Covid‐19 outbreak) compared to 2019. Case
fatality rate among patients admitted for AMI in percentage.
Table S3. Marker for cardiac injury, damage and cardiac out-
come: High sensitive troponin (Troponin hs, ng/L) and crea-
tine kinase (CK, U/L) at first medical contact during Covid‐19
pandemic as marker for myocardial injury. Myocardial sub-
unit of creatine kinase (CK‐MB, U/L) and maximum measured
creatine kinase (CKmax, U/L) as marker for total myocardial
damage after AMI during Covid‐19 outbreak. Left ventricular
ejection fraction (LVEF,%). NTproBNP (ng/L) as biomarker for
heart failure. Data are mean±SD. Statistical significance was
reached with a P < 0.05.
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