Coronary artery disease

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
heartjnl-2020-317650).

For numbered affiliations see
end of article.

Correspondence to
Dr Mamas Mamas;
mamasmamas 1@yahoo.co.uk

Received 23 June 2020
Revised 4 August 2020
Accepted 7 August 2020
Published Online First

31 August 2020

C%D Linked

» http://dx.doi.org/10.1136/
heartjnl-2020-317981

| '.) Check for updates |

© Author(s) (or their
employer(s)) 2020. No
commercial re-use. See rights
and permissions. Published
by BMU.

To cite: Kwok CS, Gale CP,
Kinnaird T, et al. Heart
2020;106:1805-1811.

ORIGINAL RESEARCH

Impact of COVID-19 on percutaneous coronary
intervention for ST-elevation myocardial infarction

Chun Shing Kwok
Peter Ludman @, Evan Kontopantelis

1 Chris P Gale,” Tim Kinnaird, "> Nick Curzen @ 4
© Jianhua Wu

"®Tom Denwood,’

Nadeem Fazal,"® John Deanfield, ' Mark A de Belder,'® Mamas Mamas'

ABSTRACT

Background The objective of the study was to

identify any changes in primary percutaneous coronary
intervention (PCl) for ST-elevation myocardial infarction
(STEMI) in England by analysing procedural numbers,
clinical characteristics and patient outcomes during the
COVID-19 pandemic.

Methods We conducted a retrospective cohort study of
patients who underwent PCl in England between January
2017 and April 2020 in the British Cardiovascular
Intervention Society-National Institute of Cardiovascular
Outcomes Research database. Analysis was restricted

to 44 hospitals that reported contemporaneous activity
on PCl. Only patients with primary PCl for STEMI were
included in the analysis.

Results A total of 34 127 patients with STEMI (primary
PCl 33 938, facilitated PCI 108, rescue PCl 81) were
included in the study. There was a decline in the number
of procedures by 43% (n=497) in April 2020 compared
with the average monthly procedures between 2017
and 2019 (n=865). For all patients, the median time
from symptom to hospital showed increased after

the lockdown (150 (99-270) vs 135 (89—250) min,
p=0.004) and a longer door-to-balloon time after the
lockdown (48 (21-112) vs 37 (16—94) min, p<0.001).
The in-hospital mortality rate was 4.8% before the
lockdown and 3.5% after the lockdown (p=0.12).
Following adjustment for baseline characteristics, no
differences were observed for in-hospital death (OR
0.87,95% Cl 0.45 to 1.68, p=0.67) and major adverse
cardiovascular events (OR 0.71, 95% Cl 0.39 to 1.32,
p=0.28).

Conclusions Following the lockdown in England, we
observed a decline in primary PCl procedures for STEMI
and increases in overall symptom-to-hospital and door-
to-balloon time for patients with STEMI. Restructuring
health services during COVID-19 has not adversely
influenced in-hospital outcomes.

INTRODUCTION

In response to the COVID-19 pandemic, routine
hospital services including cardiac catheterisation
have been restructured in order to increase hospital
capacity for patients infected with COVID-19 and
reduce the risk of cross-infection. This has led
to the cancellation of some elective procedures
and reduced access to care for patients without
COVID-19 related disorders. Many countries have
imposed social containment mandates, known

as ‘lockdown’, in order to reduce the spread of
the virus, which may have contributed to patient
delays in seeking emergency care, because of fear
of contracting COVID-19 at hospitals, and this has
resulted in a reduction in cardiovascular admis-
sions.'™ This would inevitably have important
consequences especially in conditions such as ST-el-
evation myocardial infarction (STEMI) in which
timely coronary revascularisation is proven to
reduce mortality and complications.*

While there are isolated local and regional level
reports that the COVID-19 pandemic is associated
with a reduction in both presentations with acute
myocardial infarction and percutaneous coronary
intervention (PCI) procedures,’™ there have been
no previous data regarding its impact on national
primary PCI rates and practices and whether there
have been changes in either procedural or clinical
characteristics of patients or their clinical outcomes.

Following dialogue with the Chief Scientific
Advisor to the government of the UK, a series of
analyses by the National Institute for Cardiovas-
cular Outcomes Research (NICOR) were endorsed
to help inform government decision making. The
objective of this current analysis is to identify
the changes in primary PCI activity during the
COVID-19 pandemic from a national perspective,
including any changes in the clinical presentation
and characteristics of patients and their clinical
outcomes.

METHODS

The reporting of this cohort is in accordance with
the recommendations of the STrengethening the
Reporting of Observational studies in Epidemi-
ology statement. '’

The British Cardiovascular Intervention Society
(BCIS) registry contains data from all consecutive
adults undergoing all PCI in the UK in the National
Health Service Hospitals in England. The dataset
has around 120 variables covering demographic
characteristics, clinical information, periprocedural
and outcome variables, as previously described.''™"
BCIS has made it their mandate that all operators
record information for all PCI procedures under-
taken, and data collection is overseen by NICOR.™

Study design, population and outcomes

We conducted a retrospective cohort study of all
patients who underwent PCI for STEMI in England
between 1 January 2017 and 30 April 2020 in the
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Coronary artery disease

Total patients in the dataset supplied
by NICOR for the BCIS dataset in
England between 2017 to 2020
(n=291,325)

Duplicate entries based on age, sex, patient
ID and date of procedure (n=3,675)

Exclusions (n=253,523)

e Patients without diagnosis of STEMI

(n=218,306)

Patients with private care (n=4,196)

Patients with missing sex (n=49)

Procedures during May 2020 (n=55)

Patients admitted to hospitals

which did not report data in April

2020 (n=30,770)

* Patients with no lesions treated
(n=147)

4
Total sample for analysis (n=34,127)
e Primary PCI for STEMI
(n=33,938)
e Facilitated PCI for STEMI
(n=108)
e Rescue PCI for STEMI (n=81)

Figure 1  Flow diagram of patient inclusion. BCIS, British
Cardiovascular Intervention Society; NICOR, National Institute of
Cardiovascular Outcomes Research; PCl, percutaneous coronary
intervention; STEMI, ST-elevation myocardial infarction.

BCIS database. Hospitals either enter data directly into a web-
based interface provided by NICOR or upload data from their
local database. Hospitals were encouraged to upload their data
more frequently than usual to facilitate more contemporaneous
analysis. To this end, they received special communications from
both the British Cardiovascular Society and the BCIS to their
members. In addition, staff at NICOR made direct contact with
each hospital’s cardiovascular audit team. This project only
included data from hospitals that successfully uploaded data on
PCI procedures in each month of the current year until the end
of April 2020 (by 7 May). This was necessary to ensure only
those centres in whom all procedures had been reported and
uploaded until the end of April were included, in order to mini-
mise the risk that we included data from centres that had failed
to upload their most recent PCI activity. Patients not allocated
by gender were excluded as were those who did not have PCI or
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Figure 2 Rate of primary percutaneous coronary intervention (PCl) for
ST-elevation myocardial infarction (STEMI) over time.

those admitted to private hospitals, who represent less than 5%
of PCI activity in the UK and virtually no primary PCI.

The primary outcome of interest was the number of primary
PCI procedures for STEMI undertaken before and after the
COVID-19 pandemic lockdown on 23 March 2020, and the
secondary outcomes were the in-hospital mortality and major
adverse cardiovascular events (MACE; a composite of death,
reinfarction and unplanned re-PCI) for these procedures over the
same period. Other in-hospital outcomes were receipt of trans-
fusion (blood or platelet), major bleeding, embolic stroke, coro-
nary perforation, retroperitoneal bleed, renal failure/dialysis and
re-PCI. Patients who were admitted with STEMI but remained
in hospital beyond 30 April 2020 were classified according
to whether they had in-hospital mortality at the time of latest
follow-up (7 May 2020). Those that remained in hospital and
were not discharge were classed as being alive.

Covariates
Data were collected on patient demographics, comorbidities and
treatments received (described in online supplementary data 1).

Statistical analysis

Statistical analyses were performed on Stata/MP V.16.0. We
included patients with primary PCI for STEMI, facilitated PCI
for STEMI and rescue PCI for STEMI in the cohort, but only
those with primary PCI for STEMI were included in the analysis.
The cohort was divided into patients who underwent primary
PCI for STEMI in 2017-2019 and those who had a primary PCI
procedure performed from 1 January to 30 April 2020. For the
analysis of trend, the monthly average PCI procedures for the
years 2017,2018 and 2019 were determined, and these averages
were compared against the number of procedures in each month
in 2020. The date of the UK lockdown was 23 March 2020 and
was marked in the figures between the months March and April
2020. Descriptive statistics are presented by whether primary
PCI took place before or after the lockdown. Median values and
IQRs for continuous variables and the number and percentages for
categorical variables were reported. Using all patients admitted
in 2017-2019 as a reference group, the Mann-Whitney test for
continuous variables and y? test for categorical variables were
used to determine if there was any statistical difference in patient
characteristics, procedural variables and in-hospital outcomes
after and before the lockdown. Figures were used to show timing
from symptom-to-hospital and door-to-balloon as well as in-hos-
pital death and MACE before and after the lockdown. This was
done for the overall primary PCI cohort for STEMI as well as
the subgroups that were admitted to the PCI centre directly from
the community and those that were transferred to the PCI centre
from another hospital. Multiple logistic regression models were
used to evaluate the independent odds of in-hospital mortality
and MACE. This model was adjusted for all covariates previ-
ously mentioned, except for left ventricular function, smoking
status and ethnicity because of the extent of missing data for
these variables. Additional analyses were performed where the
mi impute chained function was used to generate 10 complete
datasets to account for missing data. Multiple logistic regres-
sions were then conducted to evaluate the independent odds of
in-hospital mortality, and MACE were performed with adjust-
ments all variables including left ventricular function, smoking
status and ethnicity. Finally, the descriptive statistics were also
presented in tables stratified by indication for PCI. A sensitivity
analysis was performed restricting the control group to the same
months of January—April in the calendar years 2017, 2018 and
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Coronary artery disease

Table 1

Patient characteristics for patients who underwent primary

PCl for ST-elevation myocardial infarction according to those who are

admitted prelockdown and postlockdown

Prelockdown

Postlockdown

Variable (n=33255) (n=683) P value*
Median age (IQR) 63 (55-73) 64 (55-72) 0.45
Male, n (%) 24829 (74.7) 498 (72.9) 0.30
Ethnicity, n (%) 0.30

Caucasian 23893 (85.8) 482 (84.3)

Black, Asian or other 3952 (14.2) 90 (15.7)
Smoker, n (%) 7869 (40.9) 148 (38.1) 0.26
Hypertension, n (%) 13826 (43.2) 234 (39.4) 0.067
Hypercholesterolaemia, n (%) 11186 (34.9) 195 (32.8) 0.29
Diabetes mellitus, n (%) 6006 (18.5) 107 (16.4) 0.16
Left ventricular function, n (%) 0.95

Good 4289 (44.0) 79 (45.1)

Fair/moderate 4350 (44.6) 76 (43.4)

Poor 1109 (11.4) 20 (11.4)
Renal failure, n (%) 0.42

None 30192 (98.1) 579 (98.0)

Acute renal failure 439 (1.4) 11(1.9)

Chronic renal failure 136 (0.4) 1(0.2)
Previous MI, n (%) 4046 (12.4) 72 (11.4) 0.43
Previous stroke, n (%) 1220 (3.8) 16 (2.7) 0.16
Previous PCl, n (%) 4081 (12.5) 75(11.8) 0.60
Previous CABG, n (%) 787 (2.4) 15 (2.3) 0.92
Peripheral vascular disease, 898 (2.8) 10(1.7) 0.10
n (%)
Valvular heart disease, n (%) 62 (2.0) 4(0.7) 0.024
Radial access, n (%) 27917 (84.0) 611 (89.5) <0.001
Multivessel intervention, n (%) 4229 (12.7) 109 (16.0) 0.012
Vessel of intervention, n (%)

Left main 917 (2.8) 17 (2.5) 0.67

RCA 13982 (42.0) 282 (41.3) 0.69

LAD 14683 (44.2) 308 (45.1) 0.62

LCx 5881 (17.7) 143 (20.9) 0.028

Graft 348 (1.1) 8(1.2) 0.75
Medications, n (%)

Clopidogrel 7160 (21.5) 75 (11.0) <0.001

Ticagrelor 16165 (48.6) 280 (41.0) <0.001

Prasugrel 2130 (6.4) 88 (12.9) <0.001
Glycoprotein lIb/llla inhibitor 9195 (27.7) 154 (22.6) 0.003
Imaging (OCT/IVUS), n (%) 2348 (7.1) 52 (7.6) 0.58
Rotational atherectomy, n (%) 71(0.2) 1(0.2) 0.71
1ABP, n (%) 625 (1.9) 2(0.3) 0.002
ECMO/impella, n (%) 9 (0.06) 1(0.2) 0.34
Cardiogenic shock, n (%) 2474( 4) 42 (6.2) 0.20
Inotropes, n (%) 1333 (4.0) 19(2.8) 0.1
Thrombectomy device use, 5142 (15.5) 84 (12.3) 0.023
n (%)
Number of stents, n (%) 0.38

0 3460 (10.4) 61(8.9)

1 18950 (57.0) 405 (59.3)

2 7568 (22.8) 158 (23.1)

3+ 3277 (9.9) 59 (8.6)
TIMI 3 flow post procedure, 26598 (84.6) 559 (89.6) 0.001
n (%)
Route, n (%) 0.010

Direct from community 27014 (81.2) 579 (84.8)

Hospital transfer 5375 (16.2) 82 (12.0)

Already in hospital 866 (2.6) 22 (3.2)

Continued

Table 1 Continued

Prelockdown Postlockdown
Variable (n=33255) (n=683) P value*
Median time from symptom to 135 (89-250) 150 (99-270) 0.004
hospital (IQR)
Median time from door to 37 (16-94) 48 (21-112) <0.001
balloon (IQR)
Out-of-hours symptom onset, 19744 (60.9) 372 (60.7) 0.92
n (%)
Out-of-hours PCl, n (%) 17949 (54.0) 367 (54.7) 0.90

*Mann-Whitney test for continuous variables and  test for categorical variables.
CABG, coronary artery bypass graft; ECMO, extracorporeal membrane oxygenation; IABP,
intra-aortic balloon pump; IVUS, intravascular ultrasound; LAD, left anterior descending;
LCx, left circumflex; MI, myocardial infarction; OCT, optical coherence tomography; PCI,
percutaneous coronary intervention; RCA, right coronary artery; TIMI, thrombolysis in
myocardial infarction.

2019 in order to avoid any potential issues related to seasonal
differences in the numbers of procedures.

RESULTS

A total of 34127 patients undergoing PCI with STEMI were
included in the analysis (figure 1). The list of hospitals included
in the analysis is shown in the online supplementary data 2. This
includes STEMI patients undergoing primary PCI (n=33938),
facilitated PCI (n=108) and rescue PCI (n=81). The missing
data for the cohort of patients with STEMI who underwent
primary PCI is shown in online supplementary table 1.

The numbers of primary PCI for STEMI over time is illus-
trated in figure 2. A 43% decline in monthly average procedures
was recorded between 2017 and 2019 (865) to 497 in April
2020. The changes in rescue and facilitated PCI for STEMI is
shown in online supplementary figure 1, and there were no clin-
ically significant increases.

The characteristics according to month are shown in online
supplementary table 2. Compared with 2017-2019, patients
admitted with primary PCI for STEMI in the month of April
2020 were more likely to have radial access (89.1% vs 83.9%,
p=0.002), multivessel PCI (16.9% vs 12.8%, p=0.007) and
have longer time from symptom-to-hospital (median 135 min vs
153 min, p=0.004) and door-to-balloon time (median 37 min vs
48 min, p<0.001).

The percentage difference comparing the number of proce-
dures after and before the lockdown was not consistent across
all primary PCI volume centres as there was a decline of 20.4%,
25.9%, 11.1% and 56.8% across the quartiles 1, 2, 3 and 4 based
on volume of primary PCI. It appears that the largest decline
was observed in highest volume centres. The patient characteris-
tics for primary PCI prelockdown and postlockdown are shown
in table 1. Patients postlockdown had a greater proportion of
multivessel intervention (16.0% vs 12.7%, p=0.012) with an
increased use of prasugrel (12.9% vs 6.4%, p<0.001), with a
decline in clopidogrel (11.0% vs 21.5%, p<0.001), ticagrelor
(41.0% vs 48.6%, p<0.001), glycoprotein IIb/Illa inhibitor
(22.6% vs 27.7%, p=0.003) use.

The characteristics of patients according to direct admission
from community compared with transfer from another hospital
are shown in online supplementary table 3 and transferred
patients were younger (62 vs 64 years, p<0.001) and a greater
proportion were male (76.6% vs 74.3%, p<0.001), of non-
Caucasian ethnicity (19.3% vs 13.4%, p<0.001) and had out-
of-hours PCI (57.9% vs 53.3%, p<0.001).

The time from symptom to hospital and from door to balloon
before and after lockdown are shown in figure 3. For all patients,
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Median time to hospital and time to PCI pre and post lockdown
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Figure 3 Median time to from symptom-to-hospital and door-to-
balloon time percutaneous coronary intervention (PCl) prelockdown and
postlockdown.

the time from symptom to hospital was greater after the lock-
down (median 150 min vs 135 min, p=0.004) and the door-
to-balloon time was also greater after the lockdown (median
48 min vs 37 min, p<0.001). The increase in time from symptom
to hospital was observed after lockdown for the subgroup of
patients admitted directly from community (median 145 min
vs 135 min, p=0.020) as well as those that were transferred
between hospitals (median 239 min vs 235 min, p=0.045). The
door-to-balloon time was also greater after the lockdown for
patients admitted directly from the community (median 41 min
vs 28 min, p<0.001) but not statistically different for those with
hospital transfer (median 185 min vs 143 min, p=0.13).

Crude in-hospital patient outcomes prelockdown and post-
lockdown are shown in table 2 and figure 4. No significant
differences in mortality were observed overall (3.5% vs 4.8%,
p=0.12), but in-hospital MACE was significantly reduced post-
lockdown (3.5% vs 5.5%, p=0.022), and there was a shorter
median length of stay postlockdown (2 days vs 3 days, p<0.001).
Similar patterns were observed for patients who were admitted
directly from the community (2.6% vs 4.7%, 2.6% vs 5.5%,
respectively). For patients who were transferred from another
hospital, there was an increase in both in-hospital death (7.5%
vs 4.5%) and MACE (7.3% vs 5.1%).

Table 2 Patient outcomes for patients who underwent primary PCl
for ST-elevation myocardial infarction according to those who are
admitted prelockdown and postlockdown

Prelockdown Postlockdown

Variable (n=33255) (n=683) P value*
Transfusion, n (%) 75 (0.2) 2(0.3) 0.71
Major bleeding, n (%) 69 (0.2) 3(0.4) 0.19
Death, n (%) 1590 (4.8) 23 (3.5) 0.12
MACE (death, reinfarction and 1841 (5.5) 24 (3.5) 0.022
PCl), n (%)

Embolic stroke, n (%) 53(0.2) 0(0) 0.30
Coronary perforation, n (%) 78(0.2) 2(0.3) 0.76
Retroperitoneal bleed, n (%) 10 (0.03) 2 (0.30) <0.001
Renal failure/dialysis, n (%) 78(0.2) 1(0.2) 0.64
Re-PCl, n (%) 236 (0.7) 1(0.2) 0.080
Median length of stay (IQR) 3 (2-4) 2 (1-3) <0.001

PCl, percutaneous coronary intervention.

Adverse events pre and post lockdown

BR R e
NOR O

Rate of events (%)
.
o

MACE  In-hospital death I MACE In-hospital death I MACE In-hospital death

Overall* Direct from community* Hospital transfer*

B Before lockdown ¢ After lockdown *95% confidence intervals shown

Figure 4 In-hospital mortality and major adverse cardiovascular
events (MACE) prelockdown and postlockdown.

The adjusted odds of in-hospital death and MACE are shown
in table 3. No differences were observed for both outcomes
overall (OR 0.87, 95%CI 0.45 to 1.68, p=0.67and OR 0.71,
95%CI 0.39 to 1.32, p=0.28, respectively) or in the subgroups
according to direct or interhospital admission. After imputa-
tions for missing data, the analysis adjusted additionally for left
ventricular function, ethnicity and smoking status and similarly
showed no significant differences in in-hospital outcomes.

The sensitivity analysis only including the months of January—
April for the calendar years 2017-2019 are shown in online
supplementary figure 2 and online supplementary table 4. The
results are largely similar to those reported in the overall analysis.

DISCUSSION

Our evaluation to describe national cases of primary PCI activity
for STEMI during the COVID-19 pandemic has several key find-
ings. First, the decline in number of cases of primary PCI for
STEMI started before the lockdown on the 23 March 2020, and
there was a 43% decrease by the end of April 2020. Second, the
lockdown was associated with increases in symptom-to-hospital
time and door-to-balloon time. Third, after the lockdown, the
difference in time from symptom to hospital and door to balloon
was greatest for patients who underwent hospital transfer.
Finally, once differences in baseline characteristics were adjusted
for, there were no differences in clinical outcomes (mortality
and MACE) before and after lockdown. These findings suggest
that primary PCI for STEMI has declined after the national lock-
down in England but restructuring of hospital services during the
COVID-19 pandemic has not adversely compromised in-hos-
pital outcomes for patients having these procedures.

Our results support the decline in primary PCI procedures for
STEMI reported in other studies, but we add some additional
value to such observations by describing clinical and procedural
characteristics and clinical outcomes after the COVID-19 lock-
down using previous years as a reference. During the early phase
of COVID-19 pandemic, there was an estimated 38% reduction
in US cardiac catheterisation laboratory STEMI activations from
nine high-volume centres.® Another survey of 73 centres in Spain
reported a 40% reduction in procedures performed in the STEMI
settings.” We report a 43% reduction in all STEMI-related PCI
procedures (including primary, rescue and facilitated) in England
in the month after the lockdown. Importantly, our paper shows
that patients undergoing primary PCI were not at increased odds
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of in-hospital death and MACE compared with patients before
the lockdown period.

There are several explanations why there may be a decrease in
primary PCI for STEMI during the COVID-19 pandemic. One
possibility is that there was a lower incidence of STEMI during
the outbreak, but this is unlikely. A more convincing expla-
nation is that lower rates of STEMI relate to multiple factors
including avoidance of medical care or concerns over contracting
COVID-19 in hospital, misdiagnosis and increased use of phar-
macological reperfusion due to COVID-19.® In England, there
were clear government recommendations to ‘stay at home and
protect the National Health Service (NHS)’ which may have
created an atmosphere of fear of contracting COVID-19 by
leaving the home and going to hospital. The consequences of
not seeking medical care following a STEMI may be significant;
for example, a 58% increase in out-of-hospital cardiac arrests
was observed between February and March 2020 compared with
2019 in the Lombardia Cardiac Arrest Registry.” In addition,
a reduction in primary PCI activity may be related to reduced
catheter laboratory capacity due to staff sickness and redeploy-
ments as well as the need for deep cleaning between cases as
these were important factors highlighted in a survey of 43 UK
primary PCI centres.'®

While our findings suggest that there are fewer patients
receiving primary PCI, we have shown that the COVID-19
pandemic does not appear to have compromised overall in-hos-
pital clinical outcomes. Our study provides further insight
regarding delays to PCI during the COVID-19 pandemic. Specif-
ically, we found evidence of prolonged symptom-to-hospital
time after the COVID-19 lockdown in England. This is consis-
tent with the findings from a study of the management of STEMI
in Hong Kong reporting a median of 318 min from symptom
onset to first medical contact for seven patients since January
2020 compared with 82 min during office hours in 2018-2019
for 48 patients and a prolonged door-to-device time of 110 min
compared with 84 min, respectively.* We have furthered what is
known by identifying that the delays were greatest for patients
who required interhospital transfer that may relate to hospital
COVID-19 policies that delay transfers between hospitals. It is
possible that ambulance services have been busier and occupied
with the burden of patients with suspected COVID-19, which

further contributed to this delay. We also report an increase in
delay from door to balloon after the lockdown, which is likely
multifactorial. During the COVID-19 pandemic, UK government
recommended cancellation of elective procedures,'” allowing
hospital services to be restructured to divert more hospital staff
and infrastructure to increase capacity for the treatment of
COVID-19, reduce the exposure of individual patients and their
relatives to the hospital environment and reduce the exposure
of healthcare workers to asymptomatic patients with COVID-
19. Furthermore, catheter laboratory staff were redeployed to
other intensive care environments and that consequently may
have decreased catheter lab capacity, introducing delays particu-
larly if more than one STEMI call is activated. Furthermore, new
and more intensive evaluation prior to the angiogram procedure
due to activities such as chest X-ray and other assessments to
ascertain the potential risk of COVID-19 infection, as well as
the additional time required to ensure that staff to ‘don’ personal
protective equipment may have further contributed to delays.

A few other observations can be made about the population
receiving PCI before and after the COVID-19 lockdown. We
observed that patients presenting after the lockdown were more
likely to receive multivessel PCI. This may reflect recent data
from the Complete Revascularization with Multivessel PCI for
Myocardial Infarction (COMPLETE) trial that patients with
STEMI and multivessel coronary artery disease had lower rates
of cardiovascular death and myocardial infarction with complete
compared with culprit only revascularisation.'® However, it may
also relate to the operator awareness that since elective activity
stopped during peak the COVID-19 outbreak, patients with
bystander disease discharged with culprit only PCI may be put
at a disadvantage in terms of elective access for staged complete
revascularisation within 45 days, as used in COMPLETE.

An important consideration around primary PCI services
for STEMI during the COVID-19 pandemic is how changes in
patient’s health-seeking behaviour, health service delivery and
government strategies in mitigating the impact of the pandemic
may impact the characteristics of patients that receive treat-
ment and their associated clinical outcomes. Fear of contracting
COVID-19 and messages from government about self-isolation
and avoiding hospitals unless absolutely necessary may result in
patients not seeking or delay seeking medical attention. In the

Table 3 Multivariable odds of major adverse cardiovascular events (MACE) and in-hospital death for patients prelockdown and postlockdown who
underwent primary percutaneous coronary intervention for ST-elevation myocardial infarction

Comparison of postlockdown versus prelockdown

No imputations

Imputed dataset

Group Adjusted OR (95%CI)* P value Adjusted OR (95% CI)t P value
Overall
MACE 0.71 (0.39t0 1.32) 0.28 0.78 (0.50 to 1.24) 0.29
In-hospital death 0.87 (0.45 to 1.68) 0.67 0.94 (0.58 to 1.52) 0.80
Direct from community
MACE 0.66 (0.33 to 1.30) 0.23 0.63 (0.36 t0 1.10) 0.10
In-hospital death 0.77 (0.37 t0 1.63) 0.50 0.74 (0.41 t0 1.33) 0.31
Transfer
MACE 0.88 (0.16 to 5.02) 0.89 1.39(0.50 to 3.86) 0.52
In-hospital death 1.18 (0.20 to 7.10) 0.86 1.86 (0.66 t0 5.28) 0.24

*Adjusted for age, sex, hypertension, hypercholesterolaemia, diabetes mellitus, renal disease, previous myocardial infarction, previous stroke, previous percutaneous coronary
intervention, previous coronary artery bypass graft, peripheral vascular disease, valvular heart disease, radial access, multivessel disease, vessel of intervention, medications,
glycoprotein lIb/llla inhibitor use, imaging, rotational atherectomy, intra-aortic balloon pump, extracorporeal membrane oxygenation/impella, cardiogenic shock, inotropes,
number of stents, flow, thrombectomy, symptom-to-hospital time, door-to-balloon time, out-of-hours symptoms and out-of-hours percutaneous coronary intervention.

tAdjusted for all variables in * and left ventricular function, ethnicity and smokers.
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context of STEMI, this could manifest itself as increase in number
of out-of-hospital cardiac arrest that has been observed in Italy
and France.™ " It is important to recognise that the patients eval-
uated in the current study are those that underwent primary PCI,
but there may be patients who had STEMI who did not undergo
PCI such as those who had an out-of-hospital cardiac arrest and
died, or those that chose not seek medical attention, or those
that presented late where the infarct was completed and there
would be little benefit to PCL. We observed an increase in the use
of prasugrel and a decrease in use of ticagrelor and clopidogrel
after the lockdown. This is likely because of the changes in prac-
tice in response to the Intracoronary Stenting and Antithrom-
botic Regimen: Rapid Early Action for Coronary Treatment 5
trial,>® which found that death, myocardial infarction and stroke
were lower among patients with prasugrel compared with tica-
grelor. While not statistically significant, there were a greater
proportion of patients with previous stroke in the group before
compared with after the lockdown. Prasugrel is contraindicated
in patients with previous stroke, and this may partly explain why
there may be an increase use of prasugrel postlockdown.

Our study has several limitations. First, not all hospitals in
England were included in the analysis because they did not
report their PCI activity in either March or April 2020. It
was important to exclude these hospitals that had so far not
submitted, because the decline in PCI activity could be incor-
rectly attributed to failure of timely data submission rather than
fewer cases. Second, in-hospital outcomes are self-reported and
together with early discharge may have result in under-reporting
of adverse outcomes. There is no postdischarge follow-up data,
and there were missing data particularly regarding left ventric-
ular ejection fraction and smoking status that may confound
multivariate adjustment. Nevertheless, the data are subject to
logical checks and assessments of internal validity at upload to
NICOR. Additionally, the decline in PCI activity that we have
observed is in line with that reported in Spain and the USA.*’
Finally, there is no understanding of how local policies at each
hospital may have changed as a result of the COVID-19 crisis,
which may be driving the decline in procedures.

In conclusion, our national evaluation demonstrates a 43%
decrease in PCI activity following the COVID-19 response

Key messages

What is already known on this subject?

» Little is known about the impact of the COVID-19 pandemic
on ST-elevation myocardial infarction (STEMI) rates and
outcomes on a national level.

What might this study add?

» Our analysis of 34127 patients with STEMI showed a decline
in STEMI procedures by 43% in April 2020 compared with the
average between 2017 and 2019.

» After the 23 March lockdown, both the median time from
symptom-to-hospital (+15 min, p=0.004) and door-to-balloon
time (+11 min, p<0.001) increased.

» The in-hospital mortality rate was 4.8% before and 3.5%
after the lockdown, but after adjustments, no differences
were observed for in-hospital death.

How might this impact on clinical practice?
» Restructuring of health services during COVID-19 has not
adversely influenced in-hospital outcomes.

lockdown. Although symptom-to-hospital and door-to-balloon
times were increased after the lockdown, we did not demon-
strate any differences in adverse in-hospital patient outcomes
after the lockdown.
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Supplementary Figure 1: Trends in procedures for facilitated and rescue percutaneous
coronary intervention for ST-elevation myocardial infarction
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Supplementary Figure 2: Sensitivity analysis only considering months January to April
for each year
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Supplementary Table 1: Missing data for patients with primary percutaneous coronary

intervention for ST-elevation myocardial infarction in the dataset

Variable Data available % missing data
Age 33,938 0%
Male 33,938 0%
Ethnicity 28,417 16.3%
Smoker 19,632 42.1%
Hypertension 32,631 3.9%
Hypercholesterolaemia 32,631 3.9%
Diabetes mellitus 33,058 2.6%
Left ventricular function 9,923 70.8%
Renal failure 31,358 7.6%
Previous MI 33,255 2.0%
Previous stroke 32,631 3.9%
Previous PCI 33,294 1.9%
Previous CABG 33,431 1.5%
Peripheral vascular disease 32,631 3.9%
Valvular heart disease 32,631 3.9%
Radial access 33,938 0%
Multivessel intervention 33,938 0%
Vessel of intervention 33,938 0%
Medications

Clopidogrel 33,938 0%
Ticagrelor 33,938 0%
Prasugrel 33,938 0%
Glycoprotein IIb/II1a inhibitor 33,938 0%
Imaging (OCT/IVUS) 33,938 0%
Rotational atherectomy 33,938 0%
IABP 33,938 0%
ECMO/Impella 33,938 0%
Cardiogenic shock 33,938 0%
Inotropes 33,938 0%
Thrombectomy device use 33,938 0%
Number of stents 33,938 0%
TIMI 3 flow post procedure 32,052 5.6%
Route 33,938 0%
Time from symptom-to-hospital 31,658 6.7%
Time from door-to-balloon 30,855 9.1%
Out-of-hours symptom onset 33,046 2.6%
Out-of-hours PCI 33,938 0%
Transfusion 33,938 0%
Major bleeding 33,938 0%
Death 33,676 0.8%
MACE (death, reinfarction, PCI) 33,938 0%
Embolic stroke 33,938 0%
Coronary perforation 33,938 0%
Retroperitoneal bleed 33,938 0%
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Renal failure/dialysis 33,938 0%
Re-PCI 33,938 0%
Median length of stay 32,125 5.3%

Abbreviations: M|l = myocardial infarction, PCl = percutaneous coronary intervention, CABG =
coronary artery bypass graft, OCT = optical coherence tomography, IVUS = intravascular ultrasound,

IABP = intra-aortic balloon pump, ECMO = extracorporeal membrane oxygenation, TIMI =
thrombolysis in myocardial infarction
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Supplementary Table 2: Patient characteristics according to month

Variable 2017-2019 Jan 2020 p- Feb 2020 p- Mar 2020 p- Apr 2020 p-
(n=31,147) (n=838) value* | (n=775) value* | (n=681) value* | (n=497) value*

Median age [IQR] 63 [55-73] 64 [55-73] 0.39 64 [56-73] 0.061 | 65 [56-74] 0.016 | 63 [55-71] 0.31

Male 23,247 (74.6%) 616 (73.5%) 0.46 602 (77.7%) 0.054 | 497 (73.0%) 0.33 365 (73.4%) 0.54

Ethnicity 0.030 0.93 0.23 0.095

Caucasian 22,436 (85.8%) 605 (88.7%) 518 (85.9%) 472 (84.0%) 344 (82.9%)

Black, Asian or other 3,719 (14.2%) 77 (11.3%) 85 (14.1%) 90 (16.0%) 71(17.1%)

Smoker 7,421 (41.1%) 191 (41.9%) 0.72 159 (37.5%) 0.14 145 (36.7%) 0.083 101 (36.3%) 0.11

Hypertension 13,036 (43.2%) 311 (41.1%) 0.24 296 (44.4%) 0.55 249 (40.7%) 0.21 168 (39.2%) 0.092

Hypercholesterolaemia | 10,590 (35.1%) 253 (33.4%) 0.34 215 (32.2%) 0.12 189 (30.9%) 0.030 | 134 (31.2%) 0.095

Diabetes mellitus 5,623 (18.5%) 140 (17.6%) 0.53 138 (18.9%) 0.79 141 (21.6%) 0.042 | 71 (15.0%) 0.050

Left ventricular 0.46 0.030 0.93 0.61

function

Good 4,043 (43.9%) 86 (40.4%) 99 (53.5%) 80 (44.2%) 60 (48.0%)

Fair/Moderate 4,126 (44.8%) 98 (46.0%) 70 (37.8%) 79 (43.7%) 53 (42.4%)

Poor 1,050 (11.4%) 29 (13.6%) 16 (8.7%) 22 (12.2%) 12 (9.6%)

Renal failure 0.11 1.00 0.85 0.79

None 28,376 (98.1%) 731 (98.4%) 671 (98.1%) 570 (98.5%) 423 (98.1%)

Acute renal failure 420 (1.5%) 6 (0.8%) 10 (1.5%) 7 (1.2%) 7 (1.6%)

Chronic renal failure 125 (0.4%) 6 (0.8%) 3(0.4%) 2 (0.4%) 1(0.2%)

Previous Ml 3,819 (12.5%) 86 (10.6%) 0.11 87 (12.0%) 0.69 78 (12.1%) 0.78 48 (10.3%) 0.17

Previous stroke 1,144 (3.8%) 27 (3.6%) 0.75 24 (3.6%) 0.80 29 (4.7%) 0.23 12 (2.8%) 0.28

Previous PCI 3,776 (12.3%) 125 (15.6%) 0.006 | 101 (14.0%) 0.18 106 (16.6%) 0.001 | 48(10.3%) 0.18

Previous CABG 752 (2.4%) 13 (1.6%) 0.12 12 (1.7%) 0.17 15 (2.3%) 0.83 10 (2.1%) 0.66

Peripheral vascular 839 (2.8%) 22 (2.9%) 0.84 21 (3.2%) 0.57 20 (3.3%) 0.47 6 (1.4%) 0.083

disease

Valvular heart disease 618 (2.1%) 3 (0.4%) 0.001 | 5(0.8%) 0.018 | 3 (0.5%) 0.007 | 4 (0.9%) 0.10

Radial access 26,132 (83.9%) 723 (86.3%) 0.064 | 640 (82.6%) 0.32 590 (86.6%) 0.054 | 443 (89.1%) 0.002

Multivessel 3,999 (12.8%) 94 (11.2%) 0.17 78 (10.1%) 0.022 | 83(12.2%) 0.62 84 (16.9%) 0.007

intervention

Vessel of intervention
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Left main 873 (2.8%) 17 (2.0%) 0.18 | 18(2.3%) 042 | 12(1.8%) 0.10 | 14(2.8%) 0.99
RCA 13,085 (42.0%) 367 (43.8%) 0.30 320 (41.3%) 0.69 282 (41.4%) 0.75 210 (42.3%) 0.91
LAD 13,766 (44.2%) 340 (40.6%) 0.037 | 353 (45.6%) 0.45 312 (45.8%) 0.40 220 (44.3%) 0.98
LCx 5,529 (17.8%) 155 (18.5%) 0.58 122 (15.7%) 0.15 113 (16.6%) 0.43 105 (21.1%) 0.051
Graft 326 (1.1%) 5(0.6%) 0.20 9 (1.2%) 0.76 12 (1.8%) 0.072 | 4 (0.8%) 0.60
Medications
Clopidogrel 6,845 (22.0%) 117 (14.0%) <0.001 | 119 (15.4%) <0.001 | 110 (16.2%) <0.001 | 44 (8.9%) <0.001
Ticagrelor 15,333 (49.2%) 360 (43.0%) <0.001 | 265 (34.2%) <0.001 | 270 (39.7%) <0.001 | 217 (43.7%) 0.014
Prasugrel 1,957 (6.3%) 62 (7.4%) 0.19 70 (9.0%) 0.002 | 65 (9.5%) 0.001 | 64(12.9%) <0.001
Glycoprotein lib/llla 8,648 (27.8%) 225 (26.9%) 0.56 189 (24.4%) 0.038 | 171 (25.1%) 0.13 116 (23.3%) 0.029
inhibitor
Imaging (OCT/IVUS) 2,144 (6.9%) 83 (9.9%) 0.001 | 74 (9.6%) 0.004 | 61(9.0%) 0.035 | 38(7.7%) 0.51
Rotational atherectomy | 69 (0.2%) 0 (0%) 0.17 1(0.1%) 0.59 1(0.2%) 0.68 1(0.2%) 0.92
IABP 603 (1.9%) 8 (1.0%) 0.041 | 9(1.2%) 0.12 7 (1.0%) 0.087 | 0(0%) 0.002
ECMO/Impella 18 (0.06%) 1(0.12%) 0.47 0 (0%) 0.50 1(0.2%) 0.35 0 (0%) 0.59
Cardiogenic shock 2,344 (7.5%) 56 (6.7%) 0.36 40 (5.2%) 0.013 | 48 (7.1%) 0.64 28 (5.6%) 0.11
Inotropes 1,263 (4.1%) 37 (4.4%) 0.60 16 (2.1%) 0.005 | 24 (3.5%) 0.49 12 (2.4%) 0.065
Thrombectomy device | 4,920 (15.8%) 91 (10.9%) <0.001 | 75 (9.7%) <0.001 | 75 (11.0%) 0.001 | 65(13.1%) 0.099
use
Number of stents 0.42 <0.001 0.48 0.51
0 3,207 (10.3%) 91 (10.9%) 110 (14.2%) 71 (10.4%) 42 (8.5%)

1 17,720 (56.9%) 477 (56.9%) 463 (59.7%) 404 (59.3%) 291 (58.6%)

2 7,111 (22.8%) 200 (23.9%) 149 (19.2%) 148 (21.7%) 118 (23.7%)

3+ 3,109 (10.0%) 70 (8.4%) 53 (6.8%) 58 (8.5%) 46 (9.3%)

TIMI 3 flow post 24,859 (84.4%) 698 (87.4%) 0.022 | 637 (88.7%) 0.002 | 556 (89.0%) 0.002 | 407 (90.0%) 0.001
procedure

Route 0.76 0.63 0.41 0.015
Direct from community | 24,980 (81.0%) 660 (80.5%) 614 (80.5%) 556 (82.7%) 418 (85.7%)

Hospital transfer 5,037 (16.3%) 135 (16.5%) 132 (17.3%) 97 (14.4%) 56 (11.5%)

Already in hospital 813 (2.6%) 25 (3.1%) 17 (2.2%) 19 (2.8%) 14 (2.9%)

Median time from 135 [89-250] 136 [91-240] 0.78 130 [89-247] | 0.93 143 [90-257] 0.31 153 [100-270] | 0.004
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Median time from 37 [16-93] 35 [15-94] 0.42 43 [16-105] 0.076 43 [17-106] 0.054 48 [21-113] <0.001
door-to-balloon [IQR]

Out-of-hours symptom | 18,493 (60.8%) 497 (61.0%) | 0.91 |454(62.5%) |0.36 |393(62.0%) |O0.54 |279(62.6%) | 0.45
onset

Out-of-hours PCI 16,866 (54.2%) 444 (53.0%) 0.50 382 (49.3%) 0.007 | 347 (51.0%) 0.098 | 277 (55.7%) 0.48

*Mann-Whitney test for continuous variables, Chi? test for categorical variables
Abbreviations: IQR = intraquartile range, Ml = myocardial infarction, PCl = percutaneous coronary intervention, CABG = coronary artery bypass graft, RCA =

right coronary artery, LAD = left anterior descending, LCx = left circumflex, OCT = optical coherence tomography, IVUS = intravascular ultrasound, IABP =
intra-aortic balloon pump, ECMO = extracorporeal membrane oxygenation, TIMI = thrombolysis in myocardial infarction
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Supplementary Table 3: Patient characteristics according to direct from community vs

transfer

Variable Direct from community Transfer (n=5,457) | p-value*
(n=27,228)
Median age [IQR] 64 [55-73] 62 [53-71] <0.001
Male 20,233 (74.3%) 4,118 (76.6%) <0.001
Ethnicity <0.001
Caucasian 19,990 (86.6%) 3,436 (80.7%)
Black, Asian or other 3,091 (13.4%) 824 (19.3%)
Smoker 6,496 (41.4%) 1,200 (36.8%) <0.001
Hypertension 11,274 (43.0%) 2,202 (42.0%) 0.18
Hypercholesterolaemia 9,065 (34.6%) 1,859 (35.4%) 0.23
Diabetes mellitus 4,775 (18.0%) 1,058 (20.0%) 0.001
Left ventricular function <0.001
Good 3,607 (45.1%) 560 (37.9%)
Fair/Moderate 3,536 (44.2%) 714 (48.3%)
Poor 853 (10.7%) 204 (13.8%)
Renal failure 0.10
None 24,833 (98.3%) 4,897 (97.9%)
Acute renal failure 334 (1.3%) 85 (1.7%)
Chronic renal failure 95 (0.4%) 21 (0.4%)
Previous Ml 3,251 (12.2%) 612 (11.5%) 0.15
Previous stroke 987 (3.8%) 180 (3.4%) 0.25
Previous PCI 3,320 (12.4%) 606 (11.3%) 0.030
Previous CABG 624 (2.3%) 115 (2.2%) 0.43
Peripheral vascular disease 715 (2.7%) 129 (2.5%) 0.27
Valvular heart disease 457 (1.7%) 148 (2.8%) <0.001
Radial access 22,897 (84.1%) 4,654 (85.3%) 0.027
Multivessel intervention 3,409 (12.5%) 726 (13.3%) 0.11
Vessel of intervention
Left main 722 (2.7%) 157 (2.9%) 0.35
RCA 11,757 (43.2%) 2,053 (37.6%) <0.001
LAD 11,912 (43.8%) 2,508 (46.0%) 0.003
LCx 4,630 (17.0%) 1,141 (20.9%) <0.001
Graft 266 (1.0%) 60 (1.1%) 0.41
Medications
Clopidogrel 5,723 (21.0%) 1,169 (21.4%) 0.51
Ticagrelor 12,839 (47.2%) 3,007 (55.1%) <0.001
Prasugrel 1,915 (7.0%) 236 (4.3%) <0.001
Glycoprotein lIb/llla inhibitor | 7,709 (28.3%) 1,294 (23.7%) <0.001
Imaging (OCT/IVUS) 1,855 (6.8%) 427 (7.8%) 0.007
Rotational atherectomy 57 (0.2%) 11 (0.2%) 0.91
IABP 498 (1.8%) 84 (1.5%) 0.14
ECMO/Impella 19 (0.07%) 0 (0%) 0.051
Cardiogenic shock 1,951 (7.2%) 412 (7.6%) 0.32
Inotropes 1,062 (3.9%) 216 (4.0%) 0.84
Thrombectomy device use 4,197 (15.4%) 828 (15.2%) 0.65
Number of stents 0.006
0 2,767 (10.2%) 596 (10.9%)
1 15,522 (57.0%) 3,196 (58.6%)
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2 6,264 (23.0%) 1,181 (21.6%)
3+ 2,675 (9.8%) 484 (8.9%)
TIMI 3 flow post procedure 21,891 (85.0%) 4,239 (83.1%) 0.001
Median time from symptom- 135 [90-240] 136 [73-306] 0.014
to-hospital [IQR]
Median time from door-to- 28 [15-64] 143 [100-216] <0.001
balloon [IQR]
Out-of-hours symptom onset 16,129 (60.7%) 3,321 (62.1%) 0.058
Out-of-hours PCI 14,513 (53.3%) 3,161 (57.9%) <0.001

*Mann-Whitney test for continuous variables, Chi? test for categorical variables

Abbreviations: IQR = intraquartile range, Ml = myocardial infarction, PCl = percutaneous coronary
intervention, CABG = coronary artery bypass graft, RCA = right coronary artery, LAD = left anterior
descending, LCx = left circumflex, OCT = optical coherence tomography, IVUS = intravascular
ultrasound, IABP = intra-aortic balloon pump, ECMO = extracorporeal membrane oxygenation, TIMI
= thrombolysis in myocardial infarction
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Supplementary Table 4: Sensitivity analysis of patient characteristics according to pre

and post lockdown only considering months January to April for each year

Variable Pre-lockdown Post-lockdown p-value*
(n=12,587) (n=683)
Median age [IQR] 63 [55-73] 64 [55-72] 0.46
Male 9,401 (74.7%) 498 (72.9%) 0.30
Ethnicity 0.34
Caucasian 9,149 (85.7%) 482 (84.3%)
Black, Asian or other 1,526 (14.3%) 90 (15.7%)
Smoker 2,962 (40.6%) 148 (38.1%) 0.32
Hypertension 5,196 (43.1%) 234 (39.4%) 0.075
Hypercholesterolaemia 4,303 (35.7%) 195 (32.8%) 0.16
Diabetes mellitus 2,259 (18.4%) 107 (16.4%) 0.19
Left ventricular function 0.95
Good 1,659 (44.4%) 79 (45.1%)
Fair/Moderate 1,669 (44.6%) 76 (43.4%)
Poor 412 (11.0%) 20 (11.4%)
Renal failure 0.41
None 11,426 (98.1%) 579 (98.0%)
Acute renal failure 165 (1.4%) 11 (1.9%)
Chronic renal failure 52 (0.5%) 1(0.2%)
Previous M| 1,523 (12.3%) 72 (11.4%) 0.46
Previous stroke 479 (4.0%) 16 (2.7%) 0.12
Previous PCI 1,615 (13.1%) 75 (11.8%) 0.35
Previous CABG 265 (2.1%) 15 (2.3%) 0.73
Peripheral vascular disease 343 (2.8%) 10 (1.7%) 0.093
Valvular heart disease 253 (2.1%) 4 (0.7%) 0.016
Radial access 10,599 (84.2%) 611 (89.5%) <0.001
Multivessel intervention 1,507 (12.0%) 109 (16.0%) 0.002
Vessel of intervention
Left main 332 (2.6%) 17 (2.5%) 0.81
RCA 5,345 (42.5%) 282 (41.3%) 0.55
LAD 5,543 (44.0%) 308 (45.1%) 0.59
LCx 2,182 (17.3%) 143 (20.9%) 0.016
Graft 125 (1.0%) 8 (1.2%) 0.65
Medications
Clopidogrel 2,758 (21.9%) 75 (11.0%) <0.001
Ticagrelor 6,168 (49.0%) 280 (41.0%) <0.001
Prasugrel 835 (6.6%) 88 (12.9%) <0.001
Glycoprotein lIb/llla inhibitor | 3,517 (27.9%) 154 (22.6%) 0.002
Imaging (OCT/IVUS) 883 (7.0%) 52 (7.6%) 0.55
Rotational atherectomy 19 (0.2%) 1(0.2%) 0.98
IABP 23 (1.9%) 2 (0.3%) 0.002
ECMO/Impella 9 (0.1%) 1(0.2%) 0.49
Cardiogenic shock 925 (7.4%) 42 (6.2%) 0.24
Inotropes 502 (4.0%) 19 (2.8%) 0.11
Thrombectomy device use 1,943 (15.4%) 84 (12.3%) 0.026
Number of stents 0.47
0 1,293 (10.3%) 61 (8.9%)
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1 7,185 (57.1%) 405 (59.3%)

2 2,882 (22.9%) 158 (23.1%)

3+ 1,227 (9.8) 59 (8.6%)

TIMI 3 flow post procedure 9,993 (84.0%) 559 (89.6%) <0.001
Route 0.015
Direct from community 10,242 (81.4%) 579 (84.8%)

Hospital transfer 2,016 (16.0%) 82 (12.0%)

Already in hospital 329 (2.6%) 22 (3.2%)

Median time from symptom- 134 [89-246] 150 [99-270] 0.003
to-hospital [IQR]

Median time from door-to- 38 [16-94] 48 [21-112] <0.001
balloon [IQR]

Out-of-hours symptom onset | 7,387 (60.4%) 372 (60.7%) 0.90
Out-of-hours PCI 6,692 (53.2%) 367 (54.7%) 0.77
Transfusion 24 (0.2%) 2 (0.3%) 0.56
Major bleeding 20 (0.2%) 3 (0.4%) 0.086
Death 600 (4.8%) 23 (3.5%) 0.13
MACE (death, reinfarction, 702 (5.6%) 24 (3.5%) 0.021
PCl)

Embolic stroke 19 (0.2%) 0 (0%) 0.31
Coronary perforation 35 (0.3%) 2 (0.3%) 0.94
Retroperitoneal bleed 2 (0.02%) 2 (0.30%) <0.001
Renal failure/dialysis 27 (0.2%) 1(0.2%) 0.71
Re-PCl 93 (0.7%) 1(0.2%) 0.072
Median length of stay [IQR] 3 [2-4] 2 [1-3] <0.001

*Mann-Whitney test for continuous variables, Chi? test for categorical variables

Abbreviations: IQR = intraquartile range, Ml = myocardial infarction, PCl = percutaneous coronary
intervention, CABG = coronary artery bypass graft, RCA = right coronary artery, LAD = left anterior
descending, LCx = left circumflex, OCT = optical coherence tomography, IVUS = intravascular

ultrasound, IABP = intra-aortic balloon pump, ECMO = extracorporeal membrane oxygenation, TIMI

= thrombolysis in myocardial infarction
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Supplementary Data 1: Description of included variables

Covariates

Data were collected on patient demographics, comorbidities and treatments received.
Specifically, data were collected on age, sex, ethnicity, smoking status, comorbidities (diabetes
mellitus, hypertension, hypercholesterolaemia, renal failure, previous myocardial infarction,
previous stroke, peripheral vascular disease, valvular heart disease), previous PCI, previous
coronary artery bypass graft (CABG), indication for PCI, PCI access site, multivessel coronary
disease, target vessel(s) for PCI, antiplatelet medications (clopidogrel, ticagrelor, prasugrel),
use of glycoprotein IIb/Illa inhibitors, imaging (optical coherence tomography/intravascular
ultrasound), rotational atherectomy, intra-aortic balloon pump, extracorporeal membrane
oxygenation/Impella device, cardiogenic shock, use of inotropes, use of thrombectomy device,
number of stents and TIMI 3 flow post procedure. Additional data were collected on the access
route to hospital (direct from community, hospital transfer, already in hospital), time from
symptom onset to hospital, door-to-balloon time, out-of-hours symptoms onset and out-of-

hours PCI.
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Supplemental Data 2: Hospitals included in the analysis

AEI - Royal Albert Edward Infirmary
AMG — Wycombe Hospital
BAL — Barts and The London Hospital
BHL - Liverpool Cardiothoracic Centre
BOU - Royal Bournmouth Hospital
BRD - Bradford Royal Infirmary
BRI - Bristol Royal Infirmary
BRY - Acute Pennine Trust Fairfield
BSM - Southmead Hospital Bristol

. CMI — Cumberland Infirmary

. DUD - Birmingham City Hospital

. EBH - Birmingham Heartlands Hospital

. GRL - Glenfield Hospital

. HAM — Hammersmith Hospital

. KMH - Kings Mill Hospital

. LGI - Yorkshire Heart Centre

. LIS — Lister Hospital

. MAY - Croydon University Hospital

. MPH — Musgrove Park Hospital

. NCR - New Cross Hospital

. NOR - Norfolk and Norwich University Hospital

. NPH — Norwick Park Hospital

. QAP — Queen Alexandra Hospital

. QEB - Queen Elizabeth Hospital, Birmingham

. RCH - Royal Cornwall Hospital

. RDE - Royal Devon & Exeter Hospital

. RSC - Royal Sussex County Hospital

. SAL - Salisbury District Hospital

. SCM - James Cook University Hospital

. SCU - Scunthorpe General Hospital

. SGH - Southampton General Hospital

. STO - University Hospitals of North Midlands

. SUN - Sunderland Royal Hospital

. TOR - Torbay Hospital

. VIC - Blackpool Victoria Hospital

. WAL - University Hospital of Coventry

. WDH - Dorset County Hospital

. WRC — Worchester Royal Hospital

. WRG - Worthing Hospital
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