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1The current study aimed to examine the impact of COVID-
19 pandemic on patient-related delay with ST-segment elevation myocardial infarction (STEMI) at a tertiary center in the United

Kingdom. The study demonstrated a significant delay in symptom-to-first medical contact and a higher cardiac troponin-I level
on admission in patients with STEMI during the COVID-19 pandemic versus the pre-COVID era. (Am Heart J 2020;226:45-8.)
Multiple reports have shown that minimizing delays in
reperfusion in patients with ST-segment elevation myo-
cardial infarction (STEMI) is associated with improved
outcomes.1,2 While healthcare systems have improved
door-to-balloon time over the last few decades,3 patient-
related delay remains a challenging factor to improve
despite continuous efforts of public education.4 During a
public health emergency, such as outbreak of an
infectious disease, these delays become even more
challenging to predict, and the literature provides scarce
information about the impact of these emergencies on
pre- and in-hospital logistics of STEMI care, in particular
patient-related delay.

Since March 1, 2020, the Coronavirus disease 2019
(COVID-19) outbreak had been declared a “level 4
incident” in the United Kingdom.5 The current study
represents the experience of a tertiary cardiac center in
the United Kingdom in regard to the impact of COVID-19
pandemic on patients with STEMI.
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This is a retrospective, observational study that
included all patients, 18 to 90 years of age, who presented
with STEMI via emergency medical service (EMS) or
through the Accident and Emergency department at our
tertiary cardiac center and in whom primary PCI was
performed. STEMI was defined according to the fourth
universal definition of myocardial infarction.6 Indications
for primary PCI followed the current practice guidelines.
7

We selected a time frame of 1 month after declaration
of COVID-19 infection as a “Level 4 Incident” (ie, March 1-
31, 2020; COVID-19 era group).5 A group of STEMI
patients from a similar time period of last year (ie, March
1-31, 2019; pre-COVID-19 era group) was used as control.
We excluded STEMI patients with unclear symptom onset
or who were already in hospital during symptom onset.

Study outcomes
The main outcome was patient-related delay defined

as the time from symptom onset to first medical contact
(FMC). In patients who presented through EMS, FMC was
considered the time of receiving the call to exclude EMS-
related delay. Other in-hospital outcomes included door-
to-balloon time, cardiac troponin (cTn-I) level on
admission, recurrent angina, acute decompensated
heart failure (NYHA class III or IV), cardiogenic shock,
significant arrhythmias, or mechanical complications (eg,
ventricular septal rupture, ischemic mitral regurgitation,
etc). The study was approved by our local institutional
audit and quality improvement committees. Informed
consents were waived because of the nature of the study.
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Table I. Baseline demographics of study population

COVID-19 era
(n = 46)

Pre-COVID-19 era
(n = 69)

P

ge, mean (SD) 63.2 (11.1) 66.6 (11.9) .12
ale, n (%) 32 (69.6) 53 (76.8) .38
ypertension, n (%) 14 (30.4) 16 (23.2) .63
iabetes, n (%) 9 (19.6) 16 (19.5) .64
moking history
Current smoker, n (%)
Ex-smokers, n (%)

15 (32.8)
13 (28.3)

21 (30.4)
13 (18.8) .38

yperlipidemia, n (%) 9 (13) 9 (19.6) .34
amily history of premature
CAD, n (%) 12 (26.1) 14 (20.3) .46

nown CAD, n (%) 7 (15.2) 9 (13) .74
ocation of MI, n (%)
Anterior
Inferior
Inferolateral
lateral

16 (34.7)
19 (41.3)
8 (17.4)
3 (6.6)

27 (39.1)
25 (36.2)
13 (18.8)
4 (5.7)

.57

erum creatinine, μmol/L 89 (13.4) 84 (12.9) .68

ata are presented as mean (SD) or n (%). CAD = coronary artery disease. MI,
yocardial infarction.
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Statistical analysis
Data analysis was performed with SPSS, version 24.0

(IBM Corporation, Armonk, NY). Categorical variables are
summarized as numbers and percentages and compared
using Pearson χ2 test. Continuous variables are presented
as mean ± SD or median (interquartile range) and
compared using Student t test or Mann-Whitney test as
appropriate. Outliers were defined as any value which
falls more than 1.5 times the IQR above the third quartile
(75th percentile) or below the first quartile (25th
percentile). P b .05 was considered statistically
significant.

Results
Population characteristics

A total of 139 patients were screened during the
described time frames, 115 patients (COVID era n = 46,
pre-COVID era n = 69) met our inclusion criteria and for
whom full data were available. Twenty-four patients were
excluded due to lack of symptom-to-FMC records (n =
13), unclear symptom onset (n = 5), lack of in-hospital
echocardiography (n = 4), or deferral of primary PCI due
to severe frailty (n = 2). The mean age was 64.9 ± 11
years and approximately two third of the study cohort
were men. The majority of patients in both groups (85%)
presented through EMS. None of the patients in the
COVID-19 era group had the clinical diagnosis of COVID-
19 infection by the time of their hospital discharge. The
study groups were well balanced for various baseline
characteristics (Table I).

Outcomes
The delay in symptom-to-FMC was significantly longer

in COVID era (227 [65-790] vs119 [27-203] min, P = .01)
compared to pre-COVID era group (Figure 1A). In the
COVID-19 era, time from symptom to FMC was b2 hours
in 34.8%, 2 to b6 hours in 30.4%, 6 to b12 hours in 8.7%,
and N12 hours in 26.1% of the cohort. The corresponding
percentages in the pre-COVID-19 era were 50.7%, 34.8%,
14.5%, and 0% of the cohort, respectively.

The cTn-I level on admission (normal: 14-47 ng/L) was
also significantly higher in the COVID versus pre-COVID
era (2739 [932-10,480] vs1245 [327-2789] ng/L, P = .02)
(Figure 1B). The door-to-balloon time was similar
between both groups (47 [38-63] vs 48 [39-70] min,
P = .41). None of the secondary clinical endpoints was
reported in either groups. All patients survived to hospital
discharge except one in the pre-COVID era who died
from a non-cardiac cause. Table II summarizes the
outcomes in both groups.
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Discussion
The current study highlights the impact of COVID-19

pandemic on patient presenting with STEMI, especially in
regard to patient-related delay, one of the key factors in
the pre-hospital logistics of care. We demonstrated a 33%
drop in STEMI volume with a significant delay in
symptom-to-FMC, and a higher cTn-I level on admission
during the COVID-19 pandemic compared to pre-COVID
era.

The total ischemic time is a major determinant of
outcomes in STEMI patients, and early management is
critical in reducing morbidity and mortality.8 Several
modifications at the organizational level have been
successful to reduce door-to-balloon time over the last
years.3 However, outcomes with several public aware-
ness projects to reduce patient-related delay were
controversial.4 In the study performed by Brodie et al.,
patients with symptom-to-FMC b90 min experienced a
reduction in 1-year mortality compared to N90 min only
when it was combined with a shorter delay to
reperfusion.9

In the current study, the delay in symptom-to-FMC
during the COVID-19 era is substantial, with an increase
in the 75th percentile from 3.4 to 13.2 hours, compared
with pre-COVID-19 era. Such increase represents a huge
shift of STEMI patients from a time frame where primary
PCI is expected to provide substantial benefit, to a time
frame where the benefit may be minimal. Although we
were not able to directly ascertain that the significant
patient-related delay is due to the ongoing COVID-19
pandemic, it is highly likely that patients were reluctant
to call EMS or present to the emergency department for
fear of getting infected and/or transmitting infection to
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Figure 1

A, Boxplot graph illustrating the distribution of time delays in minutes for the COVID era and pre-COVID era groups. Boxes represents median and
IQRs, while whiskers display the smallest and largest non-outliers. B, Boxplot graph illustrating the distribution of cardiac Tn-I on admission for the
COVID era and pre-COVID era groups. Boxes represents median and IQRs, while whiskers display the smallest and largest non-outliers. Tn-I,
Cardiac troponin I.

Abdelaziz et al 47
American Heart Journal
Volume 226
their close contacts. A similar pattern of delay in seeking
medical care due to fear of contracting infection within
the hospitals was seen in the Ebola epidemic in West
Africa in 2013 as evident by a post epidemic survey.10
Table II. Comparison between the outcomes in COVID-19 and
pre-COVID-19 phases

COVID-19 era
(n = 46)

Pre-COVID-19 era
(n = 69)

P

S ymp t om - t o - FMC , m i n
(median [IQR])

227 (65-790) 119 (27-203) .01

Door-to balloon-time, min
(median [IQR])

47 (38-63) 48 (39-70) .41

Troponin I level on admission,
ng/L (median (IQR])

2739 (932-
10,480)

1245 (327-2789) .02

Data are presented as median (IQR) or mean (SD). FMC, first medical contact.
Noteworthy, various other causes for patient-related
delay in STEMI have been previously described in
literature.11,12 However, considering that these causes
remained largely unchanged between 2019 and 2020, as
well as the fairly similar baseline characteristics of both
groups, the COVID-19 pandemic comes out as the major
new variable that could possibly explain this substantial
difference in patient-related delay. Similar patterns from
the United States13 and Asia14 were observed during the
current pandemic. The significant drop in STEMI volume
(33%) in our study is similar to that observed in the US
(38%). To our knowledge, this is the first report from the
United Kingdom highlighting the magnitude of the
problem.

Our study also examined the baseline cTn-I level on
admission. The significant increase compared to a similar
time frame last year is likely a consequence to the delayed
presentation and prolonged total ischemic time. Of note,
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the door-to-balloon time was similar between both
groups indicating that system performance was not yet
affected at this early stage of the outbreak.

The deleterious effect of late presentation and/or
missed myocardial infarction during COVID-19 pandemic
is likely to manifest itself as a surge in new diagnosis of
heart failure cases in the next few months, and may even
result in increased mortality among these patients, and
thus representing another category of indirect COVID-19
related deaths. However, this is yet to be determined.

Limitations
The current study has limitations. First, this is a single-

center observational experience and may not be gener-
alized to other regions. Second, patients were only
followed up during hospitalization. Third, the onset of
symptom is a subjective parameter and might not be
precisely recorded. Finally, the small sample size and the
retrospective nature of the study precluded performing
further analysis to identify independent predictors for
patient-related delay which would be better captured
with a nationwide population survey.
Conclusions
During the current the COVID-19 outbreak, physicians

and healthcare organizations should increase the public
awareness that the message “Stay At Home” should not be
misinterpreted in a way that people ignore significant
symptoms of major events such as acute coronary
syndromes and encourage them to seek medical advice
in a timely manner.
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