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Aims As a consequence of untimely or missed revascularization of ST-elevation myocardial infarction (STEMI) patients during
the COVID-19 pandemic, many patients died at home or survived with serious sequelae, resulting in potential long-term
worse prognosis and related health-economic implications.
This analysis sought to predict long-term health outcomes [survival and quality-adjusted life-years (QALYs)] and cost of
reduced treatment of STEMIs occurring during the �rst COVID-19 lockdown.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods and

results

Using a Markov decision-analytic model, we incorporated probability of hospitalization, timeliness of PCI, and projected
long-term survival and cost (including societal costs) of mortality and morbidity, for STEMI occurring during the �rst UK
and Spanish lockdowns, comparing them with expected pre-lockdown outcomes for an equivalent patient group.
STEMI patients during the �rst UK lockdown were predicted to lose an average of 1.55 life-years and 1.17 QALYs
compared with patients presenting with a STEMI pre-pandemic. Based on an annual STEMI incidence of 49332 cases,
the total additional lifetime costs calculated at the population level were £36.6 million (€41.3 million), mainly driven by
costs of work absenteeism. Similarly in Spain, STEMI patients during the lockdown were expected to survive 2.03 years
less than pre-pandemic patients, with a corresponding reduction in projected QALYs (−1.63). At the population level,
reduced PCI access would lead to additional costs of €88.6 million.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusion The effect of a 1-month lockdown on STEMI treatment led to a reduction in survival and QALYs compared to the pre-
pandemic era. Moreover, in working-age patients, untimely revascularization led to adverse prognosis, affecting societal
productivity and therefore considerably increasing societal costs.
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Graphical

Abstract

Lockdown leads to suboptimal treatment which translates into poor outcomes and increased societal costs.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Keywords COVID-19 � health economy � Quality of life � Myocardial infarction

Introduction
The COVID-19 pandemic had a dramatic impact on healthcare sys-
tems globally. Despite efforts to maintain systems of cardiovascular
care during the pandemic, multiple factors—such as movement re-
strictions, bed shortages, restructure of services for management
of COVID-19 illness, staff illness, and patient fears—contributed to
reduced access to care and consequently adverse cardiovascular out-
comes.1 In particular, hospital admissions for ST-elevation myocardial
infarction (STEMI) were reduced by more than 20%, with more than
a 50% reduction in some areas1–3 during the �rst pandemic wave.4

This phenomenon, �rst documented in surveys of healthcare workers’
perceptions, was subsequently con�rmed by national registries com-
paring STEMI management during the pandemic to matched historical
cohorts.5–10

This trend could not be explained by a temporary reduction in
STEMI cases, which was postulated to occur due to less ischaemic trig-
ger exposure during periods of lockdown (i.e. less pollution, reduced
physical activity, and less risk factor exposure).11 Indeed, data report-
ing increased cardiovascular death rates at home in the USA (from
35/day in 2013–17 to 200/day during the pandemic),12 and increased
rates of delayed STEMI presentations, as well as longer ischaemic
times (from symptom onset to �rst-medical-contact),6,7 suggest that
STEMI incidence did not decrease, but rather, patients with ischaemic
symptoms did not have access to, or did not seek, hospital care. As
a consequence of untimely or missed coronary artery revasculariza-
tion, signi�cant numbers of patients died at home or survived with
important sequelae. This hypothesis is further supported by reports
documenting lower left ventricular ejection fraction at admission
among STEMI patients during the pandemic vs. historical controls13,14

and a signi�cant rise in major cardiovascular complications (e.g. cardio-
genic shock, life-threatening arrhythmias, cardiac rupture/ventricular
septal defect, severe functional mitral regurgitation).9,15–18

Individuals who survive an acute myocardial infarction (AMI) with
residual left ventricular dysfunction are more likely to develop heart
failure, which impacts quality of life and prognosis.19 Beyond pa-
tient outcomes, inadequate STEMI treatment has potential long-term
health-economic and societal implications due to the required in-
creased care and lost productivity.
The present analysis sought to estimate the long-term clinical and

socio-economic implications of reductions in STEMI treatment during
the COVID-19 pandemic based on data from the UK and Spanish
healthcare systems.

Methods
Model overview
A decision-analytic model was developed to project survival, quality of
life, and cost outcomes for STEMI patients, comparing patients with
STEMI occurring before and during the �rst wave of COVID-19 infections
and performing separate analyses for the UK and Spain. In particular,

the analysis focused on these outcomes at the peak of the �rst wave
when reduced hospitalization rates were observed. Data on STEMI ad-
missions from both time periods were supplemented with published
evidence on STEMI incidence in each country [using published evidence
from the UK and internal data provided by the AMI Catalan network
registry (Codi IAM), the Minimum Basic Data Set from Catalonia, and
the Spanish Society of Cardiology (SSC)].7 Short-term and long-term
survival projections were made according to patient age, hospitalization
status, and time to treatment, using country-speci�c life tables and studies
reporting survival outcomes for STEMI patients. Cost analysis focused
on initial hospitalization and treatment, follow-up treatment, management
of heart failure, plus—in line with recommendations for assessment of
societal implications—an extended analysis considering productivity loss
in patients unable to return to work. A lifetime horizon was used, with
costs, life-years, and quality-adjusted life-years (QALYs) calculated for each
group based on monthly cycles in the analysis model.

Model structure
The analysis model simulated expected outcomes for a STEMI cohort
prior to the �rst wave of COVID-19 infections (‘pre-pandemic group’)
and compared them with an equivalent STEMI cohort during the �rst
wave (‘pandemic group’). For the UK analysis, the analysis was performed
based on the month following the �rst national lockdown, which began
on 23 March 2020; for Spain, cases peaked slightly earlier (lockdown
began on 14 March 2020), and the analysis therefore studied the month
of March 2020. Separate short-term and long-term elements of the
model were created and populated with data pertaining to these periods.
The short-term component of the model calculated outcomes up to 30
days post-STEMI in each group (with outcomes differing according to
probability and timing of hospitalization and treatment modality used).
Patients surviving this period then entered the long-term model, which
predicted survival outcomes over a lifetime horizon. The majority of hos-
pitalized patients were assumed to receive either percutaneous coronary
intervention (PCI) or non-thrombolytic management, with improved out-
comes for those admitted sooner. In this regard, data from each country
were used to determine the treatment split for hospitalized patients.7,20

Non-hospitalized patients were assumed to initially receive no treatment,
though the model accounted for subsequent follow-on PCI at a later time
frame in a proportion of these. Smaller infarcts, such as inferior, will most
likely be treated medically upon late presentation. The short-term model
structure is shown in Figure 1, with the initial split denoting hospitalized
and non-hospitalized patients.

The long-term component of the model then projected survival (and
quality-adjusted survival) based on the level of short-term care received
and resulting heart failure incidence, with elevated mortality risk for
untreated patients. Patient age and gender were also covariates in the
long-term survival model. To capture the societal effect of STEMI on
employment, separate cohorts were simulated for working-age and retired
individuals.

Costs and outcomes were discounted at 3.5% per year for the UK
and at 3% per year for Spain, in line with current recommendations for
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Clinical and economic burden of COVID-19 lockdown in two European countries 3

Figure 1 Overview of short-term model (up to 30 days post-STEMI). Timely PCI = PCI within 2 h of symptom onset; late PCI = PCI more than
2 h after symptom onset; and 30d = 30 days.

economic evaluations in each country.21,22 Results were calculated on a
per-patient basis and also scaled up to a national level. The model was
developed in Microsoft Excel. Table 1 shows a description of the key
parameter groups used in the model, together with a brief explanation of
their use and the underlying source data. A more detailed table of input
values is given in Supplementary material online, Table S1.

STEMI incidence, admission, and patient
demographic data
Incidence of hospitalized AMI cases in the UK was based on an estimate
of 249 cases per 100000 (based on data focusing on a population aged
35 years and over),23 of which 40.5% were STEMI, and the assumption
that 77.4% of cases are hospitalized.24,25 These �gures were combined
with UK population data to give an estimated STEMI incidence of 49332
cases per year in the UK. The age distribution of admitted patients was
used together with the gender split to determine demographics of STEMI
patients. Based on data from the same study,24 and assuming a retirement
age of 66 years, the mean ages of working-age admissions and retired ad-
missions were 54 years and 77.4 years, respectively. In Spain, AMI incidence
among the over-25s was 424 cases per 100000 person-years (males) and
231 cases per 100000 person-years (females), of which 45.63% were
STEMI,26 giving an annual STEMI incidence of 52923 cases. Applying
a retirement age of 66 years to the SSC and Catalonia data yielded
a mean age of 54.4 years (working-age cases) and 76.1 years (retired
admissions).

Baseline hospitalization rates for STEMI patients were set at 77.4% and
73.7% for the UK and Spain, respectively.25,26 These rates were applied
to STEMIs occurring in the pre-pandemic cohort. The reduction of PCI
procedures for STEMI patients during the �rst UK lockdown was sub-
sequently derived from a study by Kwok et al., which reported a 43%
reduction in PCI procedures for STEMI in April 2020 compared with
the monthly average from 2017 to 2019.6 This reduction was applied
to the pre-pandemic hospitalization rate, for an estimated hospitalization
rate of 44.12% of all STEMIs during the pandemic. In Spain, a 22.7%
reduction in STEMI admissions was observed when comparing March
2020 vs. March 2019, giving an estimated hospitalization rate of 57% in the
pandemic group. Hospitalized patients were divided into those receiving
PCI and those receiving conservative management. Rates of PCI amongst

hospitalized patients in the UK were 81.1 (pre-COVID) and 78.8% (during
COVID),20 compared with 87.7 (pre-COVID) and 87.8% (during COVID)
in Spain.7 As the available data did not provide a breakdown of the
proportion of patients receiving ‘timely’ PCI—within 2 h of symptom
onset—and ‘late’ PCI, the analysis assumed an equal split between the
two. Data from the SSC showed that late admissions rose from 33.4% in
March 2019 to 43.3% in March 2020—these data were used in the Spanish
analysis.

Short-term data and outcomes
Mortality within 30 days of STEMI amongst patients receiving timely PCI
was set at 3.5% using data from the lockdown period in the UK. Data
from the SSC indicated 30-day mortality rates of 5.1 (March 2019) and
6.9% (March 2020) for PCI-treated patients. Those receiving ‘late’ PCI
were assigned a higher mortality rate using data from a study reporting
a hazard ratio of 1.1 per hour of delay in receiving PCI.27 Outcomes for
untreated patients were estimated by calculating a relative risk of survival
in patients receiving medical management vs. those with revascularization,
leading to a 30-day mortality rate of 24.9%.28

No speci�c data were available about the incidence of heart failure
in untreated STEMI, so this was derived from a study comparing heart
failure incidence amongst STEMI patients treated predominantly with PCI
vs. predominantly with thrombolysis, although the latter likely underesti-
mates the real occurrence of heart failure in the absence of any kind of
revascularization. The study reported an incidence of 28% for PCI-treated
patients vs. 50% for non-PCI-treated patients.29

Follow-on PCI
Evidence suggests that STEMI patients who do not immediately present
to the hospital (and thus considered ‘untreated’ in the model) may sub-
sequently undergo PCI. To capture this, the model used data from a
randomized controlled trial reporting the rate of mechanical revascular-
ization up to 3 years post-STEMI amongst patients initially treated with
�brinolytic therapy. Rates of revascularization were calculated for each
12-month period (up to 3 years) as follows: 38.9% (year one); 7.1% (year
two); and 1.7% (year three).30
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4 M. Lunardi et al.

Table 1 Summary of parameters and sources

Parameter group Model component Use in model Source—UK Source—Spain
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

STEMI incidence Annual incidence of AMI To calculate national-level results
from patient-level results

Asaria et al. (2017)23 Degano et al. (2013)26

Proportion of AMI that is
STEMI

To calculate national-level results
speci�c to STEMI

Gale (2017)24 Degano et al. (2013)26

Hospitalization rates
with STEMI

Probability of hospitalization
(pre-pandemic)

Provides baseline probability of
hospitalization under normal
circumstances

Smolina et al. (2012)25 Degano et al. (2013)26

Percent reduction in STEMI
admissions during COVID
lockdown

Used to calculate probability of
hospitalization during
lockdown

Kwok et al. (2020)6 Spanish Society of Cardiology
(2019–2020)a

Patient demographics Mean age of STEMI patients Used to calculate mortality over
time and estimate societal
costs

Gale (2017)24 Spanish Society of Cardiology
(2019–2020)a

PCI use Proportion of admitted
patients receiving PCI

To model any differences
pre-pandemic and during
lockdown. Remainder of
non-admitted patients assumed
to receive medical therapy

Wu et al. (2021)20 Rodriguez-Leor et al. (2020)7

Probability of follow-on PCI
among initially
non-admitted patients

To account for delayed PCI (late
presentation)

Busk et al. (2008)30 Busk et al. (2008)30

Mortality 30-day mortality with PCI To model short-term STEMI
outcomes

Kwok et al. (2020)6 Spanish Society of Cardiology
(2019–2020)a

Relative risk of 30-day
mortality (non-PCI
patients)

Applied to PCI rate to estimate
mortality risk for non-PCI
patients

Kochar et al. (2018)28 Kochar et al. (2018)28

Long-term population-level
mortality rates

Baseline mortality risks by age
and sex

ONS (2018–2020)31 Instituto Nacional de
Estadistica (2020)32

Relative risk of mortality for
PCI patients vs. general
population

To calculate higher mortality rate
(vs. general population) for
STEMI patients

Brogan et al. (2019)33 Brogan et al. (2019)33

Relative risk of mortality
(non-PCI patients vs.
PCI-treated patients)

To calculate higher risk of death
for untreated patients

Kochar et al. (2018)28 Kochar et al. (2018)28

Hazard ratio of mortality
(late PCI vs. timely PCI)

To apply higher mortality for
patients treated later with PCI

Terkelson et al. (2010)27 Terkelson et al. (2010)27

Quality of life Age-speci�c general
population utilities

Baseline utilities for all patients in
model

Kind et al. (1999)34 Janssen and Szende (2014)35

Disutilities for STEMI (by age) Used to adjust baseline utilities
for effect of STEMI

Schweikert et al. (2009)36 Schweikert et al. (2009)36

Utility with heart failure Applied to patients with heart
failure

Berg et al. (2015)37 Berg et al. (2015)37

Unit costs PCI procedure To apply cost of PCI for admitted
patients receiving PCI

NHS England (2021–22)b Spanish DRG databasec

STEMI admission without PCI Apply cost of admission for
STEMI without PCI

NHS England, (2021–22)b Spanish DRG databasec

Heart failure management Applied to STEMI patients
developing heart failure

Danese et al. (2016)38 Escobar et al. (2020)d

aData from Spanish Society of Cardiology. Personal communication with Dr Oriol Rodriguez-Leor.
bNHS England Tariffs 2021–22.
cSpanish DRG database, 2022.
dEscobar C et al. BMC Health Serv Res, 2020;20:964.
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Table 2 Mean costs, life-years and QALYs for pre-pandemic and pandemic groups—UK

Undiscounted results Discounted results
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Metric Pre-pandemic Pandemic Difference Pre-pandemic Pandemic Difference
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Costs (NHS + societal) £89601 £98498 £8897 £70244 £77516 £7272

Costs (NHS only) £25317 £25531 £214 £18064 £18189 £125

Life-years 14.54 12.99 −1.55 9.74 8.79 −0.95

QALYs 10.67 9.50 −1.17 7.17 6.45 −0.72

NHS, National Health Service; QALYs, quality-adjusted life-years.

Long-term data and outcomes
Long-term outcomes for patients surviving to 30 days post-STEMI were
modelled using a combination of general population life tables (matched
for the gender split and mean age of patients in the model), (ONS
2018–2020; Instituto Nacional de Estadistica 2020)31,32 data on relative
mortality risk post-STEMI, and according to treatment received. The sur-
vival of patients treated with timely PCI was then calculated by applying
relative survival estimates (vs. the general population mortality rates) from
a recent study that strati�ed post-PCI survival by age category.33 For
patients with late PCI, a further hazard ratio of 1.1 was applied to the risk
amongst early-PCI patients.27 Survival of untreated patients was projected
by applying a hazard ratio of 1.56 to the early-PCI mortality risk. This
survival pro�le was also applied to patients who were initially untreated
but subsequently received follow-on PCI.28

Quality of life data
To allow the calculation of QALYs for the ‘pre-pandemic’ and ‘pandemic’
groups, age-speci�c utilities were applied (ranging from 0.94 among pa-
tients under 25 years of age to 0.73 for patients over 75 years in the UK,
with slightly higher �gures for Spain).34,35 Age-speci�c utility decrements
(ranging from −0.06 to −0.007) were then applied to re�ect lower quality
of life amongst STEMI survivors than in the general population.36 For
patients with heart failure, a lower utility value of 0.69 was used.37 In each
case, the utility weights applied were based on underlying data collected
via the EuroQol 5-Dimension questionnaire.

Cost data (National Health Service
perspective)
The cost analysis was performed from a National Health Service (NHS)
perspective and supplemented with a societal perspective (described
below). The NHS perspective covered two elements of care: the cost
of PCI procedures and the cost of heart failure management. Other post-
STEMI management costs were excluded to simplify the analysis and avoid
making assumptions regarding long-term care. The cost per PCI procedure
was based on a weighted average of payment tariffs, giving a cost of £2837,
which was applied to all patients undergoing PCI (covering timely, late,
and follow-on PCI); for STEMI admissions without PCI, the tariff applied
was £2671. In Spain, with data from the Economic Division of Assistance
Services and Catalan Health Service, a diagnosis-related group (DRG) tariff
of €8780 was applied for the PCI procedure, while the cost of a STEMI
admission without PCI was €4087. Costs of heart failure were modelled
as £6086 in year one and £3882 in all subsequent years, based on a UK
study of the costs of cardiovascular events.38 Heart failure costs in Spain
were estimated at €3815 (year one) and €2930 (each subsequent year).
Unit costs were adjusted to 2021 prices where necessary (Supplementary
material online, Table S1).

Cost data (societal perspective)
As previously described, the model separated retired patients from those
of working age, with the societal cost calculations based around projec-
tions for the latter group. Data on the age distribution of UK STEMI
admissions were used to determine the mean age of working-age admis-
sions (54.7 years),24 and were combined with government employment
rate data (including the proportion of part-time workers),39 probability
of returning to work,40,41 mean return-to-work time post-STEMI, and
median salary data from the UK and Spain.41,42 These elements were
used alongside the survival projections for the working-age cohort in both
the ‘pre-pandemic’ and ‘pandemic’ groups to calculate the costs of work
absenteeism.

Supplementary material online, Table S1 provides a full list of model
parameters and sources.

Model results for the UK
Patients with STEMI during the �rst month of the pandemic were
predicted to lose an average of 1.55 life-years compared with some-
one having a STEMI pre-pandemic, with a corresponding reduction in
projected QALYs over a lifetime horizon (1.17 QALYs). Costs from an
NHS perspective were predicted to be similar in each group (+£214
during the pandemic), but higher for the ‘pandemic’ group when a
broader societal perspective (including all work absenteeism costs
plus all payer-borne costs) was adopted, where a difference of almost
£9000 per patient was predicted (Table 2).
Based on an annual STEMI incidence of 49332 cases in the UK, the

reduced access to PCI during the �rst month of the UK lockdown
would lead to a loss of 6367 life-years (or 3924 life-years when
discounted) over a lifetime for patients having a STEMI during that
period. Total additional lifetime costs calculated at the population level
were £36.6 million (£29.9 million when discounted), with a loss of
4794 QALYs (2976 when discounted) over the lifetime of the patients.
In both groups, the majority of the cost comes from work absen-

teeism (+£8684 in the pandemic group) and from hospitalizations
related to heart failure (+£774), while PCI costs are a relatively small
proportion (Table 3).
Figure 2 shows the predicted survival of patients in the pre-

pandemic and pandemic groups over the time horizon of the model.
Also shown is the expected survival amongst the general population
of an equivalent age and gender mix. The sharp decrease in survival
in year one re�ects the initial mortality of STEMI patients. Long-term
survival is therefore lower than would be expected in the general
population.
Table 4 shows the results of the one-way sensitivity analyses that

were undertaken to identify key parameters in the UK model. For
each scenario, the discounted mean societal costs, life-years, and
QALYs are shown. For the scenarios involving the rate of timely PCI
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6 M. Lunardi et al.

Table 3 Cost breakdown per patient—UK

Undiscounted cost Discounted cost
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Cost component Pre-pandemic Pandemic Difference Pre-pandemic Pandemic Difference
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Timely PCI £865 £512 −£353 £865 £512 −£353

Late PCI £865 £512 −£353 £865 £512 −£353

Follow-on PCI £251 £621 £370 £246 £608 £362

Non-PCI admissions £438 £214 −£224 £438 £214 −£224

HF hospitalizations £22897 £23671 £774 £15649 £16342 £693

Work absenteeism £64284 £72967 £8684 £52180 £59327 £7147

Total (NHS + societal) £89601 £98498 £8897 £70244 £77516 £7272

Total (NHS only) £25317 £25531 £214 £18064 £18189 £125

Timely: within 2 h of symptom onset; Late: more than 2 h after symptom onset; Follow-on: late PCI for initially untreated patients. HF, heart failure.

Figure 2 Projected survival for STEMI patients (pre-pandemic,
during pandemic, and general population)—UK.

and the long-term hazard ratio for mortality for non-hospitalized
patients, the results showed minimal change from the base-case
scenario. Applying a higher rate of hospitalization and a lower risk
of 30-day mortality in the ‘pandemic’ group, however, reduced the
difference between the groups in terms of life-years and QALYs by
around 50% in each case, suggesting that they are key inputs to the
analysis.

Model results for Spain
The summary results for Spain are shown in Table 5, covering both
perspectives and discounting scenarios. Spanish patients with STEMI
during the �rst month of the �rst wave of the pandemic were pre-
dicted to lose an average of 2.03 life-years compared with someone
having a STEMI pre-pandemic, with a corresponding reduction in
projected QALYs over a lifetime horizon. Costs were similar from a
payer perspective but higher in the ‘pandemic’ group when a societal
perspective was adopted (mean additional costs of €20069 per STEMI
patient during the COVID era). Scaling these per-patient results up to
a national picture, based on an annual incidence of 52954 STEMI cases
in Spain, reduced PCI access during March 2020 would lead to a loss
of 8951 life-years (6018 when discounted) over a lifetime horizon
for patients having a STEMI during that time. Estimated additional
lifetime costs (including work absenteeism) would be €88.6 million
(€75.5 million when discounted), with a loss of 7215 QALYs (4874
when discounted) over the lifetime of the patients.
Looking at the cost breakdown, under the payer perspective, heart

failure hospitalizations were the main driver of total costs (€14,608 vs.

€12501; pre- and post-pandemic), while work absenteeism repre-
sented the majority of the cost when a societal perspective was used
(€81062 vs. €104286; pre- vs. post-pandemic) (Table 6).

Figure 3 shows the predicted survival of patients in the pre-
pandemic and pandemic groups over the time horizon of the Spanish
model, together with the expected survival amongst the general
population.
Table 7 shows the results of the one-way sensitivity analysis, in

which key parameters were varied. Thus, if a lower proportion of
patients were to receive timely PCI during the pandemic period, then
there would be a larger loss of life-years and higher average costs
per patient. Conversely, reducing the relative risk of 30-day mortality
for untreated patients (compared with PCI-treated patients) would
reduce incremental costs and life-years lost.

Discussion
This study analysed the predicted long-term health and socio-
economic consequences of reduced STEMI treatment during the �rst
COVID-19 lockdown using an analytical framework that combined
short-term registry data with a projection of subsequent patient
survival and cost. As a result, patients presenting with STEMI during
lockdown periods are expected to lose, on average, 1.55–2.03 life-
years and 1.17–1.63 QALYs over a lifetime, compared to historical
controls. On a patient level, while the reduced timely treatment is not
predicted to impact signi�cantly health-related costs, it increases soci-
etal costs considerably, in particular when considered at a population
level. The more pronounced loss of life predicted for Spanish patients
can be attributed to a higher rate of 30-day mortality amongst pa-
tients treated with PCI during the COVID era in Spain (compared
with those in the UK). This elevated PCI mortality rate leads to even
higher mortality amongst non-PCI-treated patients when the relative
risk is applied, and thus a greater difference between PCI-treated and
untreated patients in Spain than in the UK. Similarly, a greater QALY
loss was predicted for Spanish patients vs. their UK counterparts,
partly because of the aforementioned difference in short-term mor-
tality (and therefore life expectancy) but also because of the higher
population utility weights across all age groups in Spain.
The treatment of STEMI was adversely impacted during the early

phase of the COVID-19 pandemic, resulting in long-term worsening
of prognosis and associated secondary economic implications. We
found that STEMI patients who did not seek care or did not receive
appropriate timely coronary revascularization have a reduced life
expectancy and quality of life. These adverse outcomes can be directly
linked to the mechanical damage and rhythm disturbances induced by
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myocardial necrosis (e.g. reduced left ventricular function, mitral re-
gurgitation, and life-threatening arrhythmias), which may lead to heart
failure, arrhythmia, etc.9,43,44 Heart failure, although initially treatable
with medical therapy/cardiac resynchronization therapy/physical reha-
bilitation, ultimately yields chronic limiting symptoms (e.g. dyspnea),
impacting routine activities and quality of life. In addition, in the
pandemic scenario, patients with heart failure may have not received
the optimal treatment because of limited community heart failure
services offered, cancellation of routine hospital appointments for
elective investigations such as echocardiography, and a backlog of
other non-COVID activities responsible for additional delays. Such
patients, who already have reduced life expectancy,45 cope with these
symptoms by avoiding trigger activities and �nally enter a vicious circle
leading to sedentary and frailty, well known to impact survival and
ability to return to work.46,47

These predictions are corroborated by a recent health-economic
analysis across four European regions performed by ‘Stent For Life’
initiative.48 The study assessed the health and socio-economic impact
deriving from the enhancement of timely access to primary PCI
(pPCI) for STEMI patients in regions where the STEMI care was not
considered guideline-directed. The model demonstrated that the im-
plementation of timely pPCI pathways leads to a reduction in absolute
mortality rate varying between 3.1 and 10.1%. Similarly, proper STEMI
treatment reduced indirect societal costs due to productivity losses by
2.5 to 6.9%, with net societal costs reduction in all model regions by
2–4%.48

In the current analysis, indirect societal costs were found to be the
main component of economic differences between the pandemic and
pre-pandemic periods. In fact, costs related to health care resources
(direct costs) were comparable between pandemic and pre-pandemic
groups. This was somewhat unexpected, considering that the es-
timated heart failure (HF) incidence in patients not receiving pPCI
(50%) was almost double that of patients timely revascularized (28%),
potentially increasing the cost related to additional hospitalizations or
outpatient management. However, the reduction in pPCI numbers
and associated costs may have balanced the higher costs for HF
therapies, resulting in net similar direct costs between pandemic and
pre-pandemic patients.
Nevertheless, the societal costs due to work absenteeism, due to

missed revascularization in the working-age cohort, were higher in
the pandemic group (£8684/patient in the UK; €23224/patient in
Spain). This highlights the larger proportion of patients unable to
return to work because of delayed or untreated STEMI. Of note,
when scaling up to the incidence of STEMI across the UK and Span-
ish populations during the �rst month of lockdown, the impact at
a population level of these cost differences was much greater and
amounted to £36.6 million and €88.6 million in the UK and Spain,
respectively (undiscounted). The interpretation of these data is of
paramount importance for national authorities: a reduction in the
STEMI admission rate during only 1 month of lockdown is associated
with a considerable increase of lifetime economic costs. These extra
costs may increase exponentially when considering prolonged/new
lockdown periods. Indeed, a similar drop in admissions was observed
also during the second wave of COVID-19, suggesting an even higher
clinical and economic consequence if the entire pandemic period is
considered.49

The study �ndings suggest that the key drivers of survival
and economic differences during the pandemic were the reduc-
tion in admission rate and the rate of timely PCI, implying that
the absolute absence of treatment within the proper timeframe
is the major determinant of poor clinical outcomes and related
costs.
Similar to the cardiovascular �eld, other conditions such as cancer

and stroke have also been affected during the pandemic. There was
a large increase in cancelled oncologic care in 2020, with resulting
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8 M. Lunardi et al.

Table 5 Mean costs, life-years, and QALYs for pre-pandemic and pandemic groups—Spain

Undiscounted results Discounted results
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Metric Pre-pandemic Pandemic Difference Pre-pandemic Pandemic Difference
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Costs (payer + societal) €102504 €122573 €20069 €85814 €102929 €17114

Costs (payer only) €21442 €18287 −€3155 €17077 €14588 −€2490

Life-years 14.64 12.61 −2.03 10.17 8.81 −1.36

QALYs 11.58 9.95 −1.63 8.07 6.97 −1.10

QALYs, quality-adjusted life-years.

Table 6 Cost breakdown per patient—Spain

Undiscounted cost Discounted cost
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Cost component Pre-pandemic Pandemic Difference Pre-pandemic Pandemic Difference
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Timely PCI €3779 €2491 −€1289 €3779 €2491 −€1289

Late PCI €1895 €1902 €7 €1895 €1902 €7

Follow-on PCI €789 €1110 €320 €776 €1091 €315

Non-PCI admissions €370 €284 −€86 €370 −€284 −€86

HF hospitalizations €14608 €12501 −€2107 €10256 €8820 −€1436

Work absenteeism €81062 €104286 €23224 €68737 €88341 €19604

Total (payer + societal) €102504 €122573 €20069 €85814 €102929 €17144

Total (payer only) €21442 €18287 −€3155 €17077 €14588 −€2490

Timely: within 2 h of symptom onset; Late: more than 2 h after symptom onset; Follow-on: late PCI for initially untreated patients. HF, heart failure.

Figure 3 Projected survival for STEMI patients (pre-pandemic,
during pandemic, and general population)—Spain.

implications for delayed diagnosis and treatment. These
delays could be expected to lead to more advanced disease,
complicating morbidities, and ultimately worse long-term
outcomes.50

Eventually, the implications of the current analysis should be con-
sidered at two levels. Firstly, governments need to develop and
implement strategies for future responses to health crises (such
as COVID-19) in order to maintain equivalent quality of care
for other life-threatening conditions. Secondly, public awareness
campaigns need to communicate to prospective patients the bene�ts
of seeking timely care, even during pandemic or other disruptive
events.

Limitations
The study �ndings are subject to several limitations. First, the pro-
jected outcomes are speci�c to signi�cant reduction observed during
the �rst lockdown period of the COVID-19 pandemic. However, a
similar reduction in admissions was also observed during the second
wave, suggesting that the projections, directionally, also apply to sub-
sequent waves of COVID-19.49 Second, the analysis model focused on
speci�c aspects of STEMI care (e.g. long-term impact of heart failure,
survival), while other areas of cost were not included (e.g. physical
rehabilitation programmes). This might potentially underestimate the
total cost effects. Third, only limited data are available on outcomes
for untreated STEMI patients, and the model, therefore, applied data
from studies in which patients received thrombolysis to make projec-
tions about short- and long-term outcomes. The effect of this may
have been to overestimate survival for untreated patients. Similarly,
the baseline probability of hospitalization for STEMI (pre-COVID) was
taken from a Spanish study whose results may be less generalizable
to other countries. However, other studies have reported a similar
hospitalization rate for STEMI in different regions.25,49 3 Finally, the
prediction of cost effects at a population level did not consider
other variables such as season and geographical variability of STEMI
incidence.
STEMI admissions data were taken from analyses conducted in

the UK and Spain, covering both the pre-pandemic period and the
national lockdown period. In both cases, data were collected from
hospitals routinely providing PCI care for STEMI patients and were
thus considered representative of patients managed more broadly
in each country (e.g. the UK analysis was based on data from 44
hospitals across England). Thus, the estimates of the change in STEMI
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activity before and during the pandemic were considered suitable
for estimating national-level patterns. Estimating the proportion of
STEMI patients not hospitalized pre-pandemic is problematic due to
potential missing data; however, we have used the best-available data
to inform these parameters to allow per-patient national-level results
to be presented.

Conclusion
Direct or indirect restrictions to treatment of life-threatening condi-
tions have important negative effects in the short- and long-term, for
either patients’ health and well-being, or the entire society.
Even during natural or health catastrophes, emergency services

remain a priority to maintain.
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Appendix
About We CARE
Today an initiative of the not-for-pro�t organization We Care Al-

liance, We CARE was born in the aftermath of the �rst COVID-19
lockdown, under the aegis of PCR and Stent-Save a Life!, with the
mission to help all stakeholders in the CVD �eld restore and sus-
tainably deliver effective and timely cardiac care—including rebuilding
patients’ con�dence in the healthcare systems—through knowledge,
education, and training.
Mobilizing a large network of interventional cardiologists and

healthcare professionals around the world, We CARE has taken on
an active role to investigate and raise awareness on the deleterious
effects of delayed CVD treatment on patients’ outcomes during and
after COVID-19.
Drawing lessons from the pandemic, We CARE is strongly ad-

vocating the need for more resilient healthcare systems in case of
new eventual cross-border crises. The initiative recently applied for
European funding with a project aiming at developing a resilience
assessment tool and a set of recommendations for the maintenance of
essential critical care that cannot be disrupted in any situation, hence
ensuring the continuity of CVD care in the future.

References
1. Mayol J, Artucio C, Batista I, Puentes A, Villegas J, Quizpe R et al. An international

survey in Latin America on the practice of interventional cardiology during the
COVID-19 pandemic, with a particular focus on myocardial infarction. Neth Heart

J 2020;28:424–430.
2. Cataldo P, Verdugo FJ, Bonta C, Dauvergne C, García A, Méndez M et al. Conse-

quences of COVID-19 pandemic on myocardial infarction reperfusion therapy and
prognosis. Rev Med Chil 2021;149:672–681.

3. Hauguel-Moreau M, Pillière R, Prati G, Beaune S, Loeb T, Lannou S et al. Impact of
Coronavirus Disease 2019 outbreak on acute coronary syndrome admissions: four
weeks to reverse the trend. J Thromb Thrombolysis 2021;51:31–32.

4. Roffi M, Capodanno D, Windecker S, Baumbach A, Dudek D. Impact of the COVID-
19 pandemic on interventional cardiology practice: results of the EAPCI survey.
EuroIntervention 2020;16:247–250.

5. Pessoa-Amorim G, Camm CF, Gajendragadkar P, De Maria GL, Arsac C, Laroche
C et al. Admission of patients with STEMI since the outbreak of the COVID-19
pandemic: a survey by the European Society of Cardiology. Eur Heart J Qual Care
Clin Outcomes 2020;6:210–216.

6. Kwok CS, Gale CP, Kinnaird T, Curzen N, Ludman P, Kontopantelis E et al. Impact
of COVID-19 on percutaneous coronary intervention for ST-elevation myocardial
infarction. Heart 2020;106:1805–1811.

7. Rodriguez-Leor O, Cid-Álvarez B, de Prado AP, Rossello X, Ojeda S, Serrador A
et al. [Impact of COVID-19 on ST-segment elevation myocardial infarction care. The
Spanish experience]. Rev Esp Cardiol 2020;73:994–1002.

8. Hannan EL, Wu Y, Cozzens K, Friedrich M, Tamis-Holland J, Jacobs AK et al. Percuta-
neous coronary intervention for ST-elevation myocardial infarction before and during
COVID in New York. Am J Cardiol 2021;142:25–34.

9. De Rosa S, Spaccarotella C, Basso C, Calabrò MP, Curcio A, Filardi PP et al. Reduction
of hospitalizations for myocardial infarction in Italy in the COVID-19 era. Eur Heart J
2020;41:2083–2088.

10. Mafham MM, Spata E, Goldacre R, Gair D, Curnow P, Bray M et al. COVID-19
pandemic and admission rates for and management of acute coronary syndromes
in England. Lancet 2020;396:381–389.

11. Claeys MJ, Argacha JF, Collart P, Carlier M, Van CaenegemO, Sinnaeve PR et al. Impact
of COVID-19-related public containment measures on the ST elevation myocardial
infarction epidemic in Belgium: a nationwide, serial, cross-sectional study. Acta Cardiol
2021;76:863–869.

12. Wadhera RK, Shen C, Gondi S, Chen S, Kazi DS, Yeh RW. Cardiovascular deaths
during the COVID-19 pandemic in the United States. J Am Coll Cardiol 2021;77:159–
169.

13. Cammalleri V, Muscoli S, Benedetto D, Stifano G, Macrini M, Di Landro A et al.

Who has seen patients with ST-segment-elevation myocardial infarction? First re-
sults from Italian real-world coronavirus disease 2019. J Am Heart Assoc 2020;9:
e017126.

14. Haddad K, Potter BJ, Matteau A, Gobeil F, Mansour S. Implications of COVID-19
on time-sensitive STEMI care: a report from a North American epicenter. Cardiovasc
Revasc Med 2021;30:33–37.

15. Kitahara S, Fujino M, Honda S, Asaumi Y, Kataoka Y, Otsuka F et al. COVID-19
pandemic is associated with mechanical complications in patients with ST-elevation
myocardial infarction. Open Heart 2021;8:e001497.

16. Leng WX, Yang JG, Li XD, Jiang WY, Gao LJ, Wu Y et al. Impact of the shift to a
�brinolysis-�rst strategy on care and outcomes of patients with ST-segment-elevation
myocardial infarction during the COVID-19 pandemic-the experience from the largest
cardiovascular-speci�c centre in China. Int J Cardiol 2021;329:260–265.
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