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ABSTRACT

Aims To evaluate temporal trends of acute coronary
syndromes (ACS) treated via percutaneous coronary
intervention (PCI) throughout the COVID-19 outbreak in a
European healthcare system affected but not overwhelmed
by COVID-19-related pathology.

Methods and results We performed a retrospective
multicentre analysis of the rates of PCl for the treatment
of ACS within the period 2 months pre and post the first
confirmed COVID-19 case in Ireland, as well as comparing
PCl for ST-elevation myocardial infarction (STEMI) with
the corresponding period in 2019. During the 2020
COVID-19 period (29 February—30 April 2020), there was
a 24% decline in PCI for overall ACS (incidence rate ratio
(IRR) 0.76; 95% CI 0.65 to 0.88; p<0.001), including a
29% reduction in PCI for non-ST-elevation ACS (IRR 0.71;
95% Cl 0.57 to 0.88; p=0.002) and an 18% reduction in
PCl for STEMI (IRR 0.82; 95% Cl 0.67 to 1.01; p=0.061),
as compared with the 2020 pre-COVID-19 period (1
January—28 February 2020). A 22% (IRR 0.78; 95% Cl 0.65
t0 0.93; p=0.005) reduction of PCI for STEMI was seen as
compared with the 2019 reference period.

Conclusion This study demonstrates a significant
reduction in PCI procedures for the treatment of ACS
since the COVID-19 outbreak in Ireland. The reasons

for this decline are still unclear but patients need to be
encouraged to seek medical attention when cardiac
symptoms appear, in order to avoid incremental cardiac
morbidity and mortality due to a reduction in coronary
revascularisation for the treatment of ACS.

INTRODUCTION

The COVID-19 pandemic has brought many
challenges for healthcare systems and has
had a huge impact on social behaviour. To
minimise the spread of infection, social
distancing measures and wide restrictions
in the movement of people have been

Strengths and limitations of this study

» This is a retrospective multicentre analysis of the
temporal trends of acute coronary syndromes (ACS)
treated via percutaneous coronary intervention (PCI)
throughout the initial COVID-19 outbreak in Ireland.

» The participating centres account for 79.6% of all
ST-elevation myocardial infarction presentations
in Ireland, giving a very good representation of the
overall national picture.

» The figures represent daily numbers of PCI proce-
dures for the treatment of ACS, rather than hospital
admission for PCl which could underestimate the
true incidence of ACS presenting to hospitals due to
alterations in clinical practice patterns, such as a po-
tential for increased use of non-invasive strategies.

» The analysis was performed interyear and intrayear
thus allowing the assessment for confounding by
seasonable variations in presentations with ACS.

» The overall impact on cardiovascular and mortality
hard outcomes are not currently measurable within
the remit of this study and detailed demographic in-
formation including socioeconomic status, age, gen-
der and comorbidities was not available for analysis.

implemented. Intermittent deferral of non-
urgent and elective care has been a central
tenet to increase hospital capacity to deal
with the surge in COVID-19 cases and to
avoid unnecessary exposure of patients to a
hospital environment where COVID-19 may
be more prevalent.

Initial expectations would have been for
an increase in acute coronary syndrome
(ACS) presentations in line with existing
evidence suggesting a link between
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respiratory infections and subsequent myocardial infarc-
tion." > However, first reports during the initial phase of
the COVID-19 outbreak showed a decline in presenta-
tions of ST-elevation myocardial infarction (STEMI) and
hospital admissions for ACS, even in geographies where
the healthcare system was not overwhelmed by COVID-19
pathology.™ As percutaneous coronary intervention
(PCI) has a proven beneficial outcome in the manage-
ment of ACS, there is a concern that a similar decline
in PCI procedures during the COVID-19 pandemic could
lead to incremental cardiac morbidity and mortality.”

This study represents data from Ireland, a European
country where widespread social and lockdown measures
were implemented during the first wave of the COVID-19
outbreak, and the healthcare system has been affected,
but not overwhelmed by COVID-19-related pathology.
Our goal is to evaluate temporal trends of ACS treated via
PCI during and before the COVID-19 outbreak in a Euro-
pean healthcare system affected but not overwhelmed by
COVID-19-related pathology.

METHODS

In this multicentre retrospective registry, we examine the
daily rates of PCI performed for the treatment of ACS
during three different time periods in relation to the
COVID-19 outbreak in Ireland. Participation was volun-
tary and data were anonymously collected by each partic-
ipating centre in a dedicated electronic dataset. Cases
were identified by combining cardiac catheterisation
laboratory records showing performed PCI and hospital
admission records. The data were cross-referenced with
patient’s paper and electronic records to provide accurate
descriptors of the indication for PCI based on European
Society of Cardiology (ESC)-defined diagnoses. Variables
were categorised according to the indication and timing
of PCI. National data regarding the COVID-19 outbreak
were collected from the official Department of Health
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Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Study population

The Health Service Executive-dedicated ACS Programme
designates six primary PCI centres in Ireland."’ In this
study, the data are collected from five primary PCI facil-
ities (Galway University Hospitals, Mater Misericordiae
University Hospital Dublin, St James’s Hospital Dublin,
University Hospital Limerick and Waterford University
Hospital). The five participating centres in this study
account for 79.7% of all STEMI presentations in Ireland
(estimated population: 4.90 million in 2020) based on
the latest published national data.'*"® This study does not
include any private healthcare facilities which also treat

non-ST-elevation ACS (NSTE-ACS) during office hours,
but not STEMI cases.

Definitions

The daily rates of PCI procedures performed only for the
treatment of ACS (ACS-PCI) during three delineated time
periods were included in this study. The overall PCI group
(‘all ACS’) was dichotomised into two groups, as defined
by the ESC guidelines: (1) ‘STEMI’ and (2) ‘NSTE-ACS’,
with the latter representing PCI performed for both
non-STEMI and unstable angina.'*'* Daily ACS-PCI rates
were collected for three separate time periods: (1) the
2020 COVID-19’ period, was set from the date of the first
confirmed COVID-19 case in Ireland, 29 February 2020
until 30 April 2020 (62 days); (2) the ‘2020 pre-COVID-19’
including 1 January-28 February 2020 (59 days); and (3)
the ‘2019 reference’ period covering January-April 2019
(120 days). Daily PCI rates for STEMI were collected for
the ‘2019 reference’, ‘2020 pre-COVID-19’ and the ‘2020
COVID-19’ periods, while data regarding PCI performed
for the treatment of NSTE-ACS were collected for the
2020 pre-COVID-19’ and ‘2020 COVID-19’ periods.

In Ireland, phased containment and delay strategies
were initiated on a national level in order to reduce the
peak impact of the COVID-19 pandemic and slow the
spread of the disease in the community. During the initial
containment phase, all confirmed cases were isolated in
COVID-19-designated hospitals (all participating hospi-
tals), and there were local school/business closures
where there had been contact with an infected patient.
Measures steadily progressed in the delay phase with
the closure of all schools from 13 March and a ban on
mass gatherings, closure of all pubs/bars on 16 March,
progressing to other non-essential services on 25 March
and a full country-wide lockdown by 28 March (figure 1).
Importantly, these measures were enforced at a national
level without regional variability and continued for the
duration of the studied period.

Statistical analysis

The data collected are daily counts of ACS-PCI proce-
dures across the five participating centres. Hence, a nega-
tive binomial model was used to compare the effect of
the COVID-19 pandemic on the rate of daily interven-
tions due to (1) STEMI, (2) NSTE-ACS and (3) all ACS,
while allowing for overdispersion in the daily rate of PCI
procedures. Individual hospital was included as a random
effect in all models, to account for clustering of data
within settings. The ‘2019 reference’ and the ‘2020 pre-
COVID-19’ periods are compared with the more recent
2020 COVID-19’ time period. Results are presented as
incidence rate ratios (IRRs) along with corresponding
95% CIs and p values. The IRR represents the ratio of
the current rate of PCI relative to the preceding rate. IRR
values below 1.0 suggest a reduction in PCI over time,
whereas values above 1.0 would suggest an increase in
PCI. Continuous variables, such as the mean daily rate of
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(A) The cumulative incidence of PCI procedures for the treatment of all ACS is demonstrated during 2 months

preceding (green) and succeeding (red) the first confirmed COVID-19 case in Ireland over time; (B) the daily new confirmed
COVID-19 cases in Ireland with the orange line representing the locally smoothed trend; (C) the locally smoothed trend of
COVID-19 daily new hospital and ICU admissions and confirmed/suspected deaths over time in Ireland; the orange dotted line
in A, B and C represents the national closure of schools (13 March), the red dotted line represents the date of full lockdown
implementation (28 March). ACS, acute coronary syndrome; ICU, intensive care unit; PCl, percutaneous coronary intervention.

PCI cases per hospital, are presented as a mean+SD. All
analyses were performed in R V.3.6 (R Core Team, 2020).

RESULTS
After the first COVID-19 case was confirmed on 29
February 2020 in Ireland, the cumulative incidence of
COVID-19-confirmed cases rose above 1000 cases by 23
March and reaching 20612 by 30 April with 1232 COVID-
19-related deaths at that moment (figure 1)."° For an
estimated 4.90 million inhabitants, intensive care bed
capacity was expanded from 255 to 411 critical care beds
within the Irish public health system, with additional
surge capacity of up to a total of 800 beds."” The number
of confirmed and suspected COVID-19 cases in critical
care was 160 at its maximum on 4 April 2020."

During January and February 2020, the
preceding the first confirmed COVID-19 case,

2months
490

ACS-PCI were performed for the treatment of all catego-
ries of ACS. This compares with a total of 387 ACS-PCI
cases in the succeeding 2months. The mean daily rates
per centre of PCI for all ACS, STEMI and NSTE-ACS are
outlined in table 1.

During the ‘2020 COVID-19’ period, there was a 24%
reduction in PCI for the treatment of all ACS as compared
with the ‘2020 pre-COVID-19’ period (IRR 0.76; 95% CI
0.65 to 0.88; p<0.001) (table 2).

There was a corresponding 29% reduction in PCI for
the treatment of NSTE-ACS (IRR 0.71; 95% CI 0.57 to
0.88; p=0.002) and an 18% reduction in PCI for STEMI
(IRR 0.82; 95%CI 0.67 to 1.01; p=0.061), as compared
with the ‘2020 pre-COVID-19’ period (table 2). During
the ‘2020 COVID-19’ period, there was also a 22% reduc-
tion in PCI performed for the treatment of STEMI as
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Table 1 Mean and SD of daily PCI procedures per centre
for all ACS, NSTE-ACS and STEMI cases

Daily mean per

Period Total centre +SD
All ACS
2020 COVID-19* 387 1.25 1.34
2020 pre- 490 1.66 1.66
COVID-19t
NSTE-ACS
2020 COVID-19* 212 0.68 1.07
2020 pre- 288 0.98 1.29
COVID-19t
STEMI
2020 COVID-19* 175 0.56 0.77
2020 pre- 202 0.68 0.86
COVID-19t
2019 referencet 436 0.73 0.92
2019 Jan/Feb§ 207 0.70 0.91
2019 Mar/Aprq| 229 0.75 0.94

*2020 COVID-19 is 29 February-30 April 2020 (62 days).

12020 pre-COVID-19 is 1 January-28 February 2020 (59 days).
12019 reference is 1 January-30 April 2019 (120 days).

§2019 Jan/Feb is 1 January-28 February 2019 (59 days).

92019 Mar/Apr is 1 March-30 April 2019 (61 days).

NSTE-ACS, non-ST elevation acute coronary syndrome; PCI,
percutaneous coronary intervention; STEMI, ST-elevation myocardial
infarction.

compared with the ‘2019 reference’ period (IRR 0.78;

95% CI 0.65 to 0.93; p=0.005) (table 2).
To assess confounding of the results by seasonal vari-
ability between the ‘2020 pre-COVID-19’ and ‘2020

Table 2 Comparison of PCI for the treatment of all ACS,
NSTE-ACS and STEMI for the study period (2020 COVID-19)
versus control period

Incidence
Period rate ratio 95% ClI P value

All ACS
2020 COVID-19to 0.76 0.65 t0 0.88 <0.001
2020 pre-COVID-19

NSTE-ACS

2020 COVID-19to  0.71 0.57 t0 0.88 0.002
2020 pre-COVID-19

STEMI
2020 COVID-19to 0.82 0.67 to 1.01 0.061
2020 pre-COVID-19
2020 COVID-19to 0.78 0.65 to 0.93 0.005
2019 reference
2019 Jan/Feb to 1.05 0.87 to 1.27 0.583
2019 Apr/May
2020 COVID-19to 0.76 0.62 to 0.92 0.006
2019 Apr/May

NSTE-ACS, non-ST elevation acute coronary syndrome; PCI,
percutaneous coronary intervention; STEMI, ST-elevation myocardial
infarction.

3

COVID-19’ periods (ie, to verify whether admissions
change naturally over time), we compared the overall
STEMI rate in January/February 2019 with that of
March/April 2019. There was no significant variability
between both periods (IRR 1.05; 95% CI 0.87 to 1.27;
p=0.583) (table 2). Results were also reproducible year on
year when we considered the STEMI PCl incidence in the
period of March-April 2019 as compared with the corre-
sponding ‘2020 COVID-19’ period, with a significant 24%
lower PCI rate for STEMI in the ‘2020 COVID-19’ period
(IRR 0.76; 95% CI 0.62 to 0.92; p=0.006) (table 2).

DISCUSSION

This study demonstrates a substantial reduction in PCI
procedures performed for the treatment of all ACS,
NSTE-ACS and STEMI during the initial stages of the
COVID-19 pandemic in Ireland. During the 2months
since the first confirmed COVID-19 case, PCI rates for
the treatment of all ACS, NSTE-ACS and STEMI dropped
by 24%, 29% and 18%, respectively, with respect to the
prior 2months (figures 1 and 2). As compared with the
2019 reference period, there was a 22% reduction of PCI
for STEMI during the ‘2020 COVID-19’ period (figure 3).

These data correspond with data from other coun-
tries detailing similar reductions in STEMI cases and
ACS hospital admissions.”™ Here we highlight the
impact of COVID-19 on the actual number of PCI proce-
dures performed for the treatment of all ACS since the
COVID-19 outbreak. These data are of particular rele-
vance as it seems the pandemic affects both the number
of patients presenting to hospital with ACS as well as the
number of patients who undergo PCI as a treatment for
ACS. It has been shown in other jurisdictions that the
hospital admission rate for ACS itself has declined and
the reduction in admissions is also mirrored in a down-
ward trend in PCI rates.'® Since coronary revasculari-
sation has a proven survival benefit in the treatment of
both STEMI and NSTE-ACS, this raises concern for incre-
mental cardiac morbidity and mortality during the initial
phases of the COVID-19 pandemic.

It is difficult to fully account for this sudden and signif-
icant drop in PCI performed for the treatment of ACS
among these primary PCI centres. In Ireland, where the
healthcare system was not overwhelmed by COVID-19
cases, the emergency departments and primary PCI
facilities remained operational without any capacity
limitation. Potential factors for an observed reduction
in ACS treatments include changes in lifestyle or envi-
ronmental factors, such as workplace stressors or expo-
sure to air pollution. The link between environmental
pollution and cardiovascular outcomes is long estab-
lished with both short-term and long-term exposures to
pollutants such as PM,, (fine particulate matter <2.5pm
in aerodynamic diameter), nitrogen dioxide and ozone
linked with ACS."” ' Indeed, there have been changes
in air quality recorded during lockdowns for COVID-19,
both in Ireland and abroad with nitrogen dioxide levels

Connolly NP, et al. BMJ Open 2021;11:e045590. doi:10.1136/bmjopen-2020-045590
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jurisdictions that have shown drops in PCI rates for
STEMI and NSTE-ACS.*

One of the major overriding concerns however is that
the true incidence of ACS in the population has remained
largely unchanged during the COVID-19 pandemic and
that the proportion of patients presenting to the hospital
appropriately has fallen. The worry here is that a large
proportion of patients with ACS may not be presenting,
or delaying their presentation, to healthcare facilities
despite measures to preserve the function and capacity
of emergency departments and acute cardiac facilities
in Ireland. The Irish Cardiac Society conducted a survey
among cardiologists at the height of the pandemic and
reported that the reduction in ACS presentations to
hospitals was attributed to: (1) people’s fear of being
exposed to COVID-19 within a healthcare facility (97%);
(2) people not leaving their homes due to the govern-
ment restrictions (41%) and (3) people worried about
putting a burden on the health services (41%).** Fear
for the healthcare environment as well as unawareness
of the risk-mitigation efforts set up by the hospitals were
the overarching themes reported by patients in a series
of semistructured interviews performed during the
pandemic in an American population.”” Indeed, in rela-
tion to these latter assertions, cumulative incidence of PCI
rates for ACS suggests further diverging of the curves the
moment social distancing and lockdown measures were
put in place, 2weeks after the first confirmed COVID-19
case (figure 1).

Anecdotal evidence suggests that the reduction/delay
in presenting to hospital with ACS during the COVID-19
era has resulted in an increase in the proportion of
mechanical complications.”® Indeed, recent studies have
documented both prolonged delays from symptom onset
to first medical contact, increased door-to-balloon time
and total ischaemia time for the reduced number of
patients who do present to hospital.*” %

Given the reduction in acute coronary revasculari-
sation observed in the current study and assuming the
true incidence of ACS has not changed significantly, it is
possible that we will yet see a future wave of new post-
myocardial infarction-induced heart failure presenta-
tions and arrhythmias leading to further morbidity and
mortality. It will take a significant period of time before
the true measure of effect of this pandemic in a cardiovas-
cular sense is known and we will need to monitor excess
mortality figures to assess for this indirect impact caused
by this pandemic.

Our study has limitations. First, we were only able to
include five of six primary PCI centres in Ireland. The
participating centres, however, account for more than
three-quarters of all STEMI presentations in Ireland.
Herein, we present the daily numbers of PCI procedures
for the treatment of ACS, rather than hospital admissions
for PCI. Using ACS-related PCI activity could underesti-
mate the true incidence of ACS presenting to hospitals
due to alterations in clinical practice patterns, such as
an increased use of non-invasive strategies. However, our

objective was to evaluate the patterns of invasive treatment
of ACS during the COVID-19 pandemic. Further informa-
tion on the number of ACS presentations to the partici-
pating hospitals as well as referrals for intervention from
district hospitals that were treated non-invasively were not
available. Additional complete clinical and mortality data
were not available for all centres participating and there-
fore were not analysed.

In conclusion, we report a one-quarter reduction in PCI
for ACS during the COVID-19 pandemic in an affected,
but not overwhelmed, European healthcare system.
Reasons for this reduction are numerous and varied.
Clear public health messaging and measures are required
to encourage patients to seek medical attention for non-
COVID-19-related illness.
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