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Abstract

Background: The coronavirus disease 2019 (COVID-19) pandemic,
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) virus, has had a major impact on the behavior of patients, as
well as on the delivery of healthcare services. With older and more
medically vulnerable people tending to stay at home to avoid con-
tracting the virus, it is unclear how the behavior of people with acute
myocardial infarction (AMI) has changed. The aim of this study was
to determine if delays in presentation and healthcare service delivery
for AMI exist during the COVID-19 pandemic compared to the same
period a year prior.

Methods: In this single-center, retrospective study, we evaluated
patients admitted with ST-segment elevation myocardial infarc-
tion (STEMI) or non-ST-segment elevation myocardial infarction
(NSTEMI) during early months of the COVID-19 pandemic (March
11, 2020 to April 20, 2020) compared to patients admitted with same
diagnosis during the same period a year prior.

Results: There were 30 and 62 patients who presented with NSTE-
MI in the pandemic and pre-pandemic eras, respectively. The me-
dian pain-to-door time was significantly larger during the pandemic
compared to pre-pandemic era (1,885 (880, 5,732) vs. 606 (388,
944) min, P < 0.0001). There was a significant delay in door-to-
reperfusion time during the pandemic with a median time of 332
(182, 581) vs. 194 (92, 329) min (P = 0.0371). There were 24 (80%)
and 25 (42%) patients who presented after 12 h of pain onset in pan-
demic and pre-pandemic eras, respectively (P = 0.0006). There were
47 and 60 patients who presented with STEMI during the pandemic
timeframe of study and pre-pandemic timeframe, respectively. The
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median pain-to-door time during the pandemic was significantly
larger than that of the pre-pandemic (620 (255, 1,500) vs. 349 (146,
659) min, P =0.0141). There were 22 (47%) and 14 (24%) patients
who presented after 12 h of pain onset in the pandemic and pre-
pandemic eras, respectively (P = 0.0127). There was not a signifi-
cant delay in door-to-reperfusion time (P = 0.9833). There were no
differences in in-hospital death, stroke, or length of hospitalization
between early and late presenters, as well as between pandemic and
pre-pandemic eras.

Conclusions: In conclusion, this study found that patients waited sig-
nificantly longer during the pandemic to seek medical treatment for
AMI compared to before the pandemic, and that pandemic-specific
protocols may delay revascularization for NSTEMI patients. These
findings resulted in more than a threefold increase from the onset of
symptoms to revascularization increasing the risks for future compli-
cations such as left ventricular dysfunction and cardiovascular death.
Efforts should be made to increase patients’ awareness regarding
consequences of delayed presentation, and to find a balance between
hospital evaluation strategies and goals of minimizing total ischemic
time.
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Introduction

The World Health Organization declared coronavirus disease
2019 (COVID-19) a pandemic on March 11, 2020 [1]. Since
then, concerns have grown that patients with heart disease are
avoiding care due to fear of contracting COVID-19. Howev-
er, this phenomenon is not clearly understood. Reports from
northern Italy revealed a significant decrease in acute coronary
syndrome hospitalizations during the early days of the COV-
ID-19 pandemic [2]. Similarly, investigators in Hong Kong
described significant delays in a small number of patients with
ST-segment elevation myocardial infarction (STEMI) seeking
care after instituting local infection control measures [3]. Un-
derstanding the barriers to seeking and providing cardiovascu-
lar care is critical during these times. Hence, this study aimed
to identify potential delays in seeking medical care for patients
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with acute myocardial infarction (AMI), as well as delays in
revascularization for patients with non-ST-segment elevation
myocardial infarction (NSTEMI) and STEMI.

Materials and Methods

Consecutive patients from March 11, 2020 to April 20, 2020
who presented with AMI and underwent invasive angiography
at the Hospital of the Lithuanian University of Health Scienc-
es Kaunas Clinics were compared to patients admitted with
same diagnosis during the same period in the year 2019. Pa-
tients included in this study were identified by ICD-10 codes
for NSTEMI and STEMI. Data collected included patient de-
mographics, comorbidities, cardiac catheterization procedural
characteristics, echocardiography results, clinical course (is-
chemic or hemorrhagic strokes, cardiopulmonary resuscita-
tion and hypotensive shock) and outcomes (length of stay and
inpatient death). All patients were followed to the first event:
hospital discharge or death.

Pain-to-door time was defined as the time from symptom
onset to first hospital medical contact, excluding prehospital
hospital contact. We dichotomized presentation times into
early and late groups such that early presenters reported the
onset of symptoms as 12 h or less and late presenters reported
the onset of symptoms as more than 12 h. Door-to-reperfusion
time was defined as the time of arrival to the first passage of
an intracoronary device. STEMI and NSTEMI were defined
according to fourth universal definition of myocardial infarc-
tion [4]. Cardiogenic shock was defined as prolonged hypo-
tension (systolic blood pressure < 90 mm Hg) with evidence
of decreased organ perfusion caused by severe right or left
ventricular dysfunction thought to be attributed to myocardial
infarction or mechanical complications resulting from myo-
cardial infarction. Left ventricular ejection fraction was as-
sessed after revascularization and prior to hospital discharge.
Successful percutaneous coronary intervention (PCI) was de-
fined as the reduction of coronary artery lesion stenosis to <
30%. This study was approved by the Institutional Review
Board of the Lithuanian University of Health Sciences. This
study was conducted in compliance with all the applicable in-
stitutional ethical guidelines for the care, welfare and use of
animals.

Continuous variables were skewed and are presented as
median (25th percentile, 75th percentile). Categorical vari-
ables are presented as counts with proportions. Analyses were
conducted to compare eras (pandemic vs. pre-pandemic) and
were stratified based on presentation (NSTEMI or STEMI) in
order to reduce extraneous variability. Differences in patient
characteristics and outcomes between study years were as-
sessed via Wilcoxon rank sum and Chi-square tests, or Fisher’s
exact test, as appropriate. Statistical analyses were performed
using SAS version 9.4 (Cary, NC).

Results

There were 30 and 62 patients who presented with NSTEMI
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during the pandemic and pre-pandemic timeframes of study
(Table 1). Most of these patients were men, with hyperten-
sion and obesity being the most common risk factors. All
patients (during the pandemic timeframe) tested negative for
COVID-19 by nasopharyngeal real-time reverse transcription
polymerase chain reaction during hospitalization. The median
pain-to-door time was significantly longer for the pandemic vs.
pre-pandemic eras (1,885 (880, 5,732) vs. 606 (388, 944) min,
P <0.0001). There were 24 (80%) and 25 (42%) late present-
ers in the pandemic and pre-pandemic eras, respectively (P =
0.0006). There was a significant delay in door-to-reperfusion
during the pandemic timeframe (332 (182, 581) vs. 194 (92,
329) min, P=0.0371; Fig. 1). PCI as a revascularization strat-
egy was performed more often during the pandemic compared
to the prior year (83% vs. 61%), and a higher rate of patients
(21%) underwent bypass surgery in the period prior to the pan-
demic compared to 6.7% during the pandemic. Post revascu-
larization left ventricular ejection fraction was similar in both
groups (43% vs. 48%, P = 0.1235). The median length of stay
was similar for both timeframes (6 (5, 9) vs. 5 (4, 7) days, P
= 0.3138). In-hospital mortality was similar as well (6.7% vs.
4.8%, P = 0.6597). Other procedural characteristics and out-
comes are in Tables 1 and 2.

There were 47 and 60 patients who presented with STE-
MI during the pandemic and pre-pandemic timeframes, re-
spectively (Table 1). Patients were mostly men. Hypertension
was the most common risk factor, followed by obesity in both
timeframes. All patients (during the pandemic timeframe)
tested negative for COVID-19 by nasopharyngeal real-time
reverse transcription polymerase chain reaction during hospi-
talization. The median pain-to-door time during the pandemic
was significantly larger compared to the year prior (620 (255,
1,500) vs. 349 (146, 659) min, P = 0.0141); there were 22
(47%) and 14 (24%) late presenters in the pandemic and pre-
pandemic eras, respectively (P = 0.0127). There were no dif-
ferences in door-to-reperfusion times during the study time-
frames (Fig. 2). As shown in Table 1, the majority of patients
underwent angiograms through right radial access. PCI was
the most common strategy for revascularization. Post revas-
cularization left ventricular ejection fraction was similar in
both groups (43% vs. 40%, P = 0.44). The median length of
stay was similar during the pandemic and pre-pandemic eras
(6 (5, 8) vs. 7 (5, 8.5) days, P = 0.3222). Inpatient mortality
rates did not differ between study timeframes (4.3% vs. 6.7%,
P =0.6955). No significant differences were detected for oral
medications received on discharge between the two groups.
Additional procedural characteristics and outcomes are in Ta-
bles 1 and 2.

Discussion

In this study of nearly 200 AMI patients, we found evidence
of significant delays in hospital presentation for patients
under study during the pandemic compared to those during
the same 5 weeks of the year before the pandemic. In par-
ticular, not only did NSTEMI patients wait nearly three times
as long during the pandemic to seek care compared to their
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Figure 1. Time delays in patients presenting with NSTEMI. NSTEMI: non-ST-segment elevation myocardial infarction.

pre-pandemic counterparts, but they also experience signifi-
cantly longer wait times to revascularization once hospital-
ized. STEMI patients waited nearly twice as long to present,
but did not have longer times to revascularization once in the
hospital. Medications on discharge were prescribed according
European Society of Cardiology (ESC) recommendations for
management of STEMI and NSTEMI [5, 6]. Both the rates of
left ventricular dysfunction and mortality were numerically
higher, but these differences did not meet statistical signifi-
cance in our small sample.

Longer time-to-presentation in patients with AMI is as-
sociated with higher rates of mortality [7, 8]. In fact, the risk
of 1-year mortality reportedly increases by 7.5% for every 30-
min delay in treatment for patients presenting with STEMI [9].

Animal models have demonstrated that infarct size is signifi-
cantly associated with duration of coronary artery occlusion
[10]. Although we observed significantly longer pain-to-door
times for patients with AMI during the pandemic, we did not
detect a difference in these patients’ ejection fraction, length of
hospitalization, or rates of inpatient death.

Hospital systems throughout the world have had to imple-
ment pandemic-specific protocols in attempts to increase the
safety of patients and providers alike by containing the spread
of the virus [11]. However, our results indicate that these
measures may have an impact on time-to-revascularization
for patients presenting with NSTEMI. In general, a patient
who presents with a STEMI would still be taken immediately
to the catheterization lab for emergent revascularization with-

Table 2. Outcomes of Patients Presenting With Acute Myocardial Infarction During (March 2020) and Before (March 2019) the

COVID-19 Pandemic

NSTEMI STEMI
Outcome
2020(m=30) 2019(m=62) Pvalue 2020(n=47) 2019 (n=60) P value

In-hospital hemorrhagic stroke (-0 0: 1) 0 (0%) 0 (0%) - 0 (0%) 0 (0%) -
In-hospital ischemic stroke ©-0.0. D 0 (0%) 0 (0%) - 1(2.1%) 0 (0%) 0.4434
In-hospital cardiopulmonary resuscitation 2 (6.7%) 3 (4.8%) 0.6597 2 (4.3%) 4 (6.7%) 0.6930
Hypotension requiring vasopressors 4 (13%) 5 (8.1%) 0.4665 5 (10.6%) 6 (10%) 1.0000
Length of stay (days) 6(5,9) 54,7 0.3138 6(5,8) 7 (5, 8.5) 0.3222

Inpatient death ©-0.1.0) 2 (6.7%) 3 (4.8%) 0.6597 2 (4.3%) 4 (6.7%) 0.6955

Superscripts indicate missing data in each of the four groups. STEMI: ST-segment elevation myocardial infarction; NSTEMI: non-ST-segment eleva-

tion myocardial infarction.
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Figure 2. Time delays in patients presenting with STEMI. STEMI: ST-segment elevation myocardial infarction.

out waiting for COVID-19 testing, provided that the patient
was not exhibiting symptoms of the infection. However, a
patient presenting with an NSTEMI would be more likely to
undergo COVID-19 testing prior to receiving invasive revas-
cularization; we suspect this explains the door-to-reperfusion
delays in our study.

In select cities in the United States and England, emer-
gency department (ED) visits declined by nearly 50% since
shelter-in-place orders were activated [12, 13]. Further, France
observed a transient doubling of out-of-hospital cardiac ar-
rests, as well as reduced survival rate during the pandemic
[11]. In our small study alone, we observed a 37% decrease
in AMI hospitalizations. We suspect the reduction in crude
AMI hospitalization events may be attributed to patients’ fear
of contracting COVID-19 infection at the ED and/or physi-
cians’ offices. These observations are highly concerning from a
cardiovascular health standpoint, as the occurrence of dead on
arrival becomes an increasing reality for those delaying treat-
ment. Every effort should be taken to increase awareness of the
consequences in delaying treatment, perhaps through utilizing
telemedicine and outreach programs.

Limitations

This study has all the limitations inherent to small retrospec-
tive studies. Follow-up for these patients was limited to death
or discharge, which is likely too short to detect any differ-
ence in major outcomes. Similarly, the sample size was mod-

390 Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

est which limited our power to detect significant differences
in the rates of left ventricular dysfunction or cardiovascular
death. Moreover, the study did not include COVID-positive
patients which could have different outcomes [14]. There
were missing data points for some procedural characteristics
and outcomes.

Conclusions

In conclusion, this study suggests that patients are postponing
by a period of threefold the needed medical and interventional
care for AMI, and that pandemic-specific protocols may fur-
ther delay revascularization for NSTEMI patients. Therefore,
all efforts should be made to increase patients’ awareness, as
well as to adjust hospital evaluation strategies to minimize to-
tal ischemic time.
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