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KEY POINTS

� There are wide reports of excess cardiovascular mortality particularly during the early phases of the
pandemic, largely attributed to primary cardiovascular causes, with notable translocation of deaths
from hospitals to the community.

� There has been a significant decline in hospitalizations for acute cardiovascular conditions and
related procedures such as percutaneous coronary interventions for acute myocardial infarction
and mechanical thrombectomy for strokes.

� There are backlogs in elective cardiovascular procedures, such as aortic valve interventions; delays
in such time-sensitive treatments are likely to have a significant adverse prognostic impact.

� There is evidence of substantial treatment deficits in primary and secondary cardiovascular preven-
tion, which, if not addressed, may have a longstanding population-level impact on cardiovascular
health.

� The pandemic has highlighted the significant adverse public health impact of health care inequal-
ities, the reduction of which requires concerted efforts in multiple areas of health and social care
and cohesive action from policy makers and health care professionals.
INTRODUCTION and infrastructure limitations, as well as concerns
The coronavirus disease 2019 (COVID-19)
pandemic has placed immense pressure on health
care services, necessitating reorganization and
reprioritization of resources and changes in
models of health care delivery. Large number of
COVID-19 inpatient admissions has required
restructuring of hospital services and redeploy-
ment of staff for the provision of acute clinical
care. Furthermore, many governments have post-
poned nonurgent elective work, due to both staff
a William Harvey Research Institute, NIHR Barts Biomedi
EC1M 6BQ, United Kingdom; b Barts Heart Centre, St Ba
Smithfield, London EC1A 7BE, United Kingdom; c Kee
Keele ST5 5BG, United Kingdom; d Department of Card
19107, USA; e Institute of Population Health, University o
* Corresponding author. Keele Cardiovascular Research
sity, Stoke-on-Trent, Keele ST5 5BG, United Kingdom.
E-mail address: mamasmamas1@yahoo.co.uk

Cardiol Clin 40 (2022) 389–396
https://doi.org/10.1016/j.ccl.2022.03.010
0733-8651/22/� 2022 Elsevier Inc. All rights reserved.
around the exposure of potentially vulnerable pa-
tients to infection. These service pressures have
been further compounded by staff shortages
related to COVID-19 infection or contact exposure
requiring isolation.

There have also been changes in the public’s
pattern of health care utilization, owing, in part,
to altered risk perceptions and health-seeking be-
haviors.1 Such behavioral changes have perhaps
been influenced by national “lockdowns” or “stay
at home” public health recommendations. Thus,
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delayed service provision due to resource-
constrained health care delivery systems has
been augmented by patients’ hesitance to access
health care.
Indeed, growing evidence indicates a significant

decline in the use of health care services across
multiple key areas. In the UK, emergency depart-
ment (ED) visits declined by 49% and out-of-
hours general practice consultations fell by 11%
during the peak pandemic period in 2020
compared with the preceding year.1 In the US,
therewasa42%decline inEDvisits.2 Similar trends
were seen across Europe and globally. A study of
27 European nations reported a significant reduc-
tion in health care utilization after the first COVID-
19 outbreak.3 While reports from China,4

Singapore,5 and Taiwan6 indicate declines in the
utilization of both inpatient and outpatient services.
Available evidence suggests major disruptions

to the delivery and utilization of cardiovascular ser-
vices during the pandemic, with important clinical
consequences. Cardiovascular diseases are the
most common cause of morbidity and mortality
worldwide.7 Their management requires a combi-
nation of preventive medicine, acute care, and
chronic disease management. The longer-term
impact of service disruptions during the pandemic
on population cardiovascular health is likely signif-
icant and not yet fully appreciated.
Fig. 1. Central illustration. Impact of COVID-19 on cardiov
CVD, cardiovascular disease; OOHCA, out-of-hospital card
In this narrative review, we examine the implica-
tions of the COVID-19 pandemic for cardiovascu-
lar health care, including excess cardiovascular
mortality, acute and elective cardiovascular care,
and disease prevention. Additionally, we consider
the long-term public health consequences of dis-
ruptions to cardiovascular care across both pri-
mary and secondary care settings. Finally, we
review health care inequalities and their driving
factors, as highlighted by the pandemic, and
consider their importance in the context of cardio-
vascular health care.
ACUTE CARDIOVASCULAR CARE

The COVID-19 pandemic has resulted in excess
premature mortality across many countries world-
wide.8,9 Cardiovascular disease and its risk factors
have been linked to higher risk of adverse COVID-
19 outcomes, including more severe disease man-
ifestations and higher risk of death10–12 (Fig. 1). In
a meta-analysis of 51 studies including a total of
48,317 patients, Bae and colleagues10 identified
pre-existing cardiovascular risk factors (hyperten-
sion, diabetes) and CVD itself as independent pre-
dictors of mortality among patients with COVID-19
across all age groups. A large nationwide study
from Korea similarly reports significant associa-
tions of diabetes, hypertension, and heart failure
ascular care. BAME, Black Asian and Minority Ethnic;
iac arrest; PCI, percutaneous coronary intervention.
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with critical illness among patients hospitalized
with COVID-19.11 Accordingly, Wu and col-
leagues13 report an 8% increase in acute cardio-
vascular deaths in England during the pandemic
period. However, the excess cardiovascular
deaths are not fully attributed to direct COVID-19
effects. While a proportion of these deaths were
related to COVID-19 (5.1%), the most frequent pri-
mary causes of death were stroke (35.6%), acute
coronary syndrome (ACS, 24.5%), and heart fail-
ure (23.4%).13

These observations may reflect reduced access
to emergency services for these conditions, com-
pounded by the hesitance of patients to seekmed-
ical care during the pandemic. In the UK, public
health messaging during the early stages of the
COVID-19 pandemic centered around the slogan
of “stay home, protect the NHS, save lives,” with
similar variations in other nations, which may
have increased the reticence of patients to seek
medical attention for acute cardiovascular events.
Others have pointed out confusion around hospital
protocols as a key reason for delays in seeking
treatment for non–COVID-19 illnesses during the
pandemic.14 Wu and colleagues13 demonstrate a
translocation in the place of death, with substantial
increases in cardiovascular deaths at home
(135%) and in care homes or hospices (132%),
with more modest increase in hospital deaths.
Mafham and colleagues,15 also report a significant
decline in the number of patients hospitalized with
ACS per week in England at the end of March 2020
compared with weekly prepandemic averages.
Braiteh and colleagues16 report similar trends
from the US with 40.7% reduction in total hospital
admission for ACS. There is also evidence that pa-
tients who did seek medical help waited signifi-
cantly longer to do so compared with the
prepandemic period. In a study from Switzerland,
Nils and colleagues17 report both a significant
decline in the incidence of ACS and prolonged de-
lays from symptom onset to time of first medical
contact. Studies from the US and Germany report
similar experiences of increased delays in time to
presentation for ACS.18,19 Such treatment delays
have important adverse implications for infarct
size and future heart failure risk. The consequently
reduced access to acute revascularization and
secondary prevention medications are expected
to contribute importantly to excess acute cardio-
vascular deaths in the community, as reported
by Wu and colleagues.13

Further reports indicate that there was, indeed,
a significant drop in percutaneous coronary inter-
vention (PCI) activity in the early stages of the
pandemic, with Kwok and colleagues20 demon-
strating a 49% reduction in PCI procedures
performed in England during the first wave of
COVID-19 (March 2020), compared with prepan-
demic levels. Although (as expected) the greatest
decline was in elective PCIs for stable coronary ar-
tery disease (�66%), PCIs for non-ST elevation
myocardial infarctions (NSTEMI) or unstable
angina (�45%) and ST-elevation MI (STEMI) also
declined (�33%) substantially. In a national survey
of interventional cardiology activity in Spain,
Rodrı́guez-Leor et al.21 also report significant re-
ductions across all procedural activities, with
56% reduction in diagnostic coronary procedures,
48% reduction in PCIs for stable disease, and
40% reduction in PCI in STEMI. Consistently, Gar-
cia and colleagues22 reported a 38% reduction in
PCI for STEMI across 9 hospitals in the US.

As may be expected from these observations,
Rashid and colleagues23 report a significant in-
crease in the incidence of out-of-hospital cardiac
arrests after the first wave of the pandemic in En-
gland (May 2020 vs February 2020). Ischemic dis-
ease is the most common precipitant of cardiac
arrests. Disruptions in appropriate treatment of
ACS as outlined previously predispose to greater
and more prolonged ischemia, which may act as
substrates for life-threatening ventricular tachyar-
rhythmias. Thus, the observed increase in out-of-
hospital cardiac arrests by Rashid and col-
leagues23 may reflect delays or failure to seek
medical attention for ACSs.

A similar picture is seen in the context of acute
stroke care. In a global registry of 187 stroke cen-
ters across 40 countries, Nogueira and col-
leagues24 report a reduction in the number of
stroke admissions, mechanical thrombectomy
procedures, and intracranial hemorrhage admis-
sions in association with the COVID-19 pandemic,
independent of prepandemic admission/proced-
ure volumes. Similarly, in a study of 19 EDs in the
US, Uchino and colleagues25 reported approxi-
mately 30% reduction in acute stroke presenta-
tions to the ED as well as a significant reduction in
acute thrombolysis procedures suggesting delays
in presentation. Indeed, in a study from China, Gu
and colleagues26 indicate significant prolongation
of both pre and posthospital delays and significant
reduction in the number of patients arriving within
the time window for intravenous thrombolysis.
These trends were consistent with those observed
in the US by Schirmer and colleagues,27 who also
report significant prolongation of time to the pre-
sentation of acute ischemic strokes in the COVID-
19 period compared with baseline prepandemic
times. Poorer stroke outcomes in terms of death,
disability, and recurrent stroke have been widely
linked to increasing time from symptom onset to
the initiation of stroke therapies such as
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thrombolysis and thrombectomy.28 As such, the
adverse public health impact of the described dis-
ruptions to stroke therapy is anticipated to be
substantial.
Omissions and delays in care were also reported

for other cardiovascular conditions with similar
adverse prognostic consequences. Heart failure
hospitalizations were notably reduced parallel to
the first and second national lockdowns in the
UK.29 In a nationwide study, Shoaib and col-
leagues30 demonstrate a decline in heart failure
hospitalizations in England and Wales in March
2020 compared with preceding years. They further
demonstrate a concordant increase in community
heart failure deaths during this period.30

Overall existing evidence indicates reduced uti-
lization of acute cardiovascular services with the
resultant omission of key guideline-directed thera-
pies and procedures, which likely explain excess
cardiovascular mortality observed during the
earlier phases of the pandemic. Individuals who
survived acute untreated events are more likely
to present in later postacute stages with complica-
tions or clinical decompensation and to have
poorer outcomes than if they were treated appro-
priately at the outset. The longer-term impact of
these missed care opportunities is yet to be fully
appreciated, but likely will comprise an increase
in both premature deaths and disability. In the clin-
ical setting, it is important to remain vigilant to
such potential late presentations of previously un-
detected acute events and to initiate appropriate
therapies to minimize subsequent risks.
ELECTIVE ACTIVITY

As with acute care, there have been declines in
elective procedures. While these procedures do
not carry the same immediate urgency as the pre-
viously discussed acute conditions, substantial
delays in their delivery lead to significantly poorer
health outcomes. In this context, patients with se-
vere aortic stenosis (AS) are a particularly at-risk
group; these patients have an extremely poor
prognosis in the absence of valvular intervention
with a mortality rate of more than 50% at 2 years.31

In a study of UK procedural registry data, Martin
and colleagues32 report a rapid and significant
reduction in surgical aortic valve replacement
(SAVR) and transcatheter aortic valve replacement
(TAVR) procedures following the COVID-19
pandemic. The authors estimate that almost
5000 patients with severe aortic stenosis had not
received appropriate procedural intervention in
the months following the start of the pandemic
(November to March 2020). These notable treat-
ment delays are expected to translate to poorer
outcomes in this patient population, including
higher risk of death and presentations with acute
cardiovascular decompensation. Indeed, in a
study of 22,876 patients with severe AS, Albassam
and colleagues33 report an association of greater
wait time for valve intervention with higher risk of
death and hospitalization for heart failure while
on the waiting list. Thus, there is an urgent need
to address strategies for service provision which
may ameliorate these procedural backlog and
treatment deficits.
The decline in elective work was observed

across all cardiac interventions. In a study consid-
ering a wide range of cardiac procedures from the
UK, Mohamed and colleagues34 report a total
deficit of more than 45,000 procedures over the
COVID-19 period (March to May 2020) compared
with previous years. In a study of over half a million
patients referred for elective cardiovascular pro-
cedures from Canada, Tam and colleagues35

report a significant decline in the number of coro-
nary revascularization procedures performed dur-
ing the pandemic compared with the prepandemic
period. Importantly, the authors also observed an
increased risk of all-cause death while waiting for
coronary revascularization for referrals made dur-
ing the pandemic. There was also evidence of
change in the choice of procedural strategy.
Among patients with left main coronary artery ste-
nosis in the UK, there was an observation of both a
reduction in revascularization procedures and
greater use of PCI over coronary artery bypass
grafting.36

The pandemic has also had a dramatic impact
on cardiovascular imaging services with reduced
activity due to the redeployment of staff and
fewer referrals from both primary and secondary
care. Cardiovascular imaging is central to the ac-
curate diagnosis of many CVDs. In a survey of 909
centers covering 108 European centers, Williams
and colleagues37 report that total cardiac imaging
reduced by 45% in March 2020 and by 69% in
April 2020, compared with prepandemic levels.
The authors demonstrate geographic variation in
these trends with greater reductions observed in
Southern European nations compared with else-
where.37 Consistent with these observations, in
a study of 52 Italian centers, Dondi and col-
leagues38 report a reduction in imaging volumes
of 67% in March 2020% and 77% in April 2020,
compared with the preceding year. These disrup-
tions to clinical care raise concerns about large
number of patients with delayed or missed diag-
noses and the potential adverse impact of this
on long-term risk of cardiovascular morbidity
and mortality.
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IMPACT ON PRIMARY CARE

The adverse impact of COVID-19 has extended to
primary care, the key setting for primary preven-
tion strategies and management of patients with
stable chronic cardiovascular diseases. A UK
report from NHS Digital,39 indicated a near 30%
reduction in appointments recorded in general
practice systems in mid-March 2020, compared
with prepandemic averages. In an analysis of
nationwide general practice prescribing trends,
Dale and Takhar and colleagues40 demonstrate a
reduction of incident use of antihypertensive and
lipid-lowering medications in early 2021 compared
with prepandemic levels in 2019. The authors esti-
mate that the undertreatment of hypertension
alone, is likely to result in 13,659 preventable car-
diovascular events including 2281 additional
myocardial infarctions and 3474 additional
strokes.40 In a study of more than 600,000 UK pa-
tients, Carr and colleagues41 report a near 50%
reduction in the measurement of blood pressure
in general practice and 22% reduction in the pre-
scription of new antihypertensive medications dur-
ing the first year of the COVID-19 pandemic. An
earlier nationwide study of patients with type 2 dia-
betes in the UK demonstrated a 31% reduction in
glycated hemoglobin A1c (HbA1c) testing, 20%
reduction in starting new metformin prescriptions,
and 5% reduction in the initiation of insulin ther-
apy.42 Thesemissed diagnosis and treatment opti-
mization opportunities are concerning and have
significant and sustained implications for popula-
tion cardiovascular health. There is a need for
dedicated efforts to address missed opportunities
for primary and secondary prevention to alleviate
the future population burden of cardiovascular
disease.
INEQUITIES OF CARDIOVASCULAR CARE

The COVID-19 pandemic has highlighted the
impact of social inequalities on health. Black Asian
and Minority Ethnic (BAME) communities experi-
enced higher infection and mortality related to
COVID-19 compared with the White popula-
tion.43–48 Geography, deprivation, occupation,
living arrangements, and health conditions such
as cardiovascular disease and vascular risk fac-
tors account for some, but not all, of the excess
mortality risk of COVID-19 in BAME popula-
tions.46,49 As well as experiencing more severe
outcomes from COVID-19, BAME cohorts also
had disproportionately poorer cardiovascular out-
comes during the pandemic. For instance, Kwok
and colleagues20 report the decline in PCI proced-
ures to be more marked among patients with
BAME, while Rashid and colleagues23 found that
BAME individuals were more likely to suffer out
of hospital cardiac arrest during the pandemic. In
a multisource linked cohort study, Rashid and col-
leagues50 demonstrate that BAME individuals with
acute myocardial infarction were less likely to
receive guideline-directed therapies and had
higher early mortality than White ethnicities, and,
importantly, that these disparities seemed wider
during the COVID-19 period compared with the
prepandemic period. These poorer health experi-
ences also extended to women and those from a
more deprived background. For instance, Carr
and colleagues41 found that individuals with the
highest levels of socio-economic deprivation
experienced the greatest decline in general prac-
tice health checks for key cardiovascular risk fac-
tors. Similarly, Hartnett and colleagues2 report a
significant decline in ED visits of 42% during the
early pandemic period and found that the steepest
decreases were among women. These social in-
equalities were further exacerbated by the eco-
nomic impact of the pandemic, which also
disproportionately affected the most vulnerable
in society. In a study including 27 European coun-
tries, Jiskrova and colleagues3 report that job los-
ses during the pandemic were significantly more
likely among women, those with lower educational
level, and lower household income.

Social and economic disadvantage are key de-
terminants of health outcomes. The dispropor-
tionate impact of the pandemic on the most
vulnerable in society mirrors the effect of other
catastrophic natural disasters, where, consis-
tently, the most devastating impacts are experi-
enced by communities who are already
disadvantaged and underserved.51 COVID-19
has highlighted social inequalities and emphasized
the urgent need for dedicated interventions to pre-
vent and manage ill health in the most vulnerable
populations. There is a need for high-quality data
to understand the social and health care needs
of deprived groups and to permit the development
and tracking of appropriately targeted strategies
by policy makers and health care professionals.
SUMMARY

The COVID-19 pandemic has adversely disrupted
cardiovascular care across key areas of health
care delivery including acute and chronic disease
management and preventive interventions. The
reduction in access to guideline-directed thera-
pies and procedures in the acute setting has likely
driven early observations of excess cardiovascular
disease mortality. The substantial decline in elec-
tive cardiovascular procedures and significantly
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related backlog, if not promptly addressed, is ex-
pected to translate into excess death and disability
in the medium term. Meanwhile, treatment deficits
in primary and secondary disease prevention are
expected to have a wider longer term impact in
adversely impacting population cardiovascular
health. The pandemic has shone a light on health
care inequalities, which have been observed
both in direct relation to COVID-19 and in the
context of cardiovascular care during the
pandemic. There is a need for concerted efforts
from policy makers and clinicians to identify and
actively address the deficits in cardiovascular
health care resulting from the pandemic.
CLINICS CARE POINTS
� Health care professionals should remain vigi-
lant to late presentations of acute cardiovas-
cular conditions such as acute myocardial
infarction and stroke, with a view to prompt
the initiation of guideline-direct therapies
to minimize subsequent cardiovascular risk.

� There is an urgent need for service planning
to ensure the backlog of elective procedures,
such as coronary revascularization, TAVR and
SAVR, are addressed to prevent avoidable
death and disability.

� Directed strategies in primary care to identify
treatment deficits in primary and secondary
cardiovascular prevention are strongly rec-
ommended to ensure the optimization of
population cardiovascular health in the
longer term.

� The pandemic has highlighted dispropor-
tionate adverse health outcomes experienced
by BAME and deprived populations. There is a
need for comprehensive high-quality data to
better understand the specific health care
needs of these communities. The reduction
of health care inequalities requires directed
efforts in multiple areas of health and social
care and cohesive action from policy makers
and health care professionals.
DISCLOSURE

Z. Raisi-Estabragh recognizes the National Insti-
tute for Health Research (NIHR) Integrated Aca-
demic Training program which supports her
Academic Clinical Lectureship post and was also
supported by British Heart Foundation Clinical
Research Training Fellowship No. FS/17/81/
33,318. M.A. Mamas has no disclosures.
REFERENCES

1. Ferraro CF, Findlater L, Morbey R, et al. Describing

the indirect impact of COVID-19 on healthcare uti-

lisation using syndromic surveillance systems.

BMC Public Health 2021;21(1):1–11.

2. Hartnett KP, Kite-Powell A, DeVies J, et al. Impact of

the COVID-19 pandemic on emergency department

visits — United States, January 1, 2019–may 30,

2020. MMWR Morb Mortal Wkly Rep 2022;69(23):

699–704.

3. Ksinan Jiskrova G, Bobák M, Pikhart H, et al. Job

loss and lower healthcare utilisation due to COVID-

19 among older adults across 27 European coun-

tries. J Epidemiol Community Health 2021;75(11):

1078–83.

4. Xiao H, Dai X, Wagenaar BH, et al. The impact of the

COVID-19 pandemic on health services utilization in

China: time-series analyses for 2016–2020. Lancet

Reg Heal - West Pac 2021;9:100122. https://doi.

org/10.1016/J.LANWPC.2021.100122/

ATTACHMENT/34CB8D18-1421-400E-BB7D-

E7B00030A77D/MMC2.

5. Ahn S, Kim S, Koh K. Associations of the COVID-19

pandemic with older individuals’ healthcare utiliza-

tion and self-reported health status: a longitudinal

analysis from Singapore. BMC Heal Serv Res

2022;22(1):1–8.

6. Chou Y, Yen Y, Chu D, et al. Impact of the COVID-19

pandemic on emergency healthcare utilization: a

cohort study. Eur J Public Health 2021;

31(December 2020):i352.

7. Roth GA, Mensah GA, Johnson CO, et al. Global

burden of cardiovascular diseases and risk factors,

1990–2019. J Am Coll Cardiol 2020;76(25):

2982–3021.

8. Islam N, Jdanov DA, Shkolnikov VM, et al. Effects of

covid-19 pandemic on life expectancy and prema-

ture mortality in 2020: time series analysis in 37

countries. BMJ 2021;375:e066768.

9. Kontopantelis E, Mamas MA, Deanfield J, et al.

Excess mortality in England and Wales during the

first wave of the COVID-19 pandemic 2021;75(3):

213–23.

10. Bae SA, Kim SR, Kim MN, et al. Impact of cardiovas-

cular disease and risk factors on fatal outcomes in

patients with COVID-19 according to age: a system-

atic review and meta-analysis. Heart 2021;107(5):

373–80.

11. Kong KA, Jung S, Yu M, et al. Association between

cardiovascular risk factors and the Severity of coro-

navirus disease 2019: nationwide Epidemiological

study in Korea. Front Cardiovasc Med 2021;0:

1066. https://doi.org/10.3389/FCVM.2021.732518.

12. Raisi-Estabragh Z, McCracken C, Cooper J, et al.

Adverse cardiovascular magnetic resonance phe-

notypes are associated with greater likelihood of

http://refhub.elsevier.com/S0733-8651(22)00021-2/sref1
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref1
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref1
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref1
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref2
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref2
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref2
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref2
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref2
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref3
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref3
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref3
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref3
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref3
https://doi.org/10.1016/J.LANWPC.2021.100122/ATTACHMENT/34CB8D18-1421-400E-BB7D-E7B00030A77D/MMC2
https://doi.org/10.1016/J.LANWPC.2021.100122/ATTACHMENT/34CB8D18-1421-400E-BB7D-E7B00030A77D/MMC2
https://doi.org/10.1016/J.LANWPC.2021.100122/ATTACHMENT/34CB8D18-1421-400E-BB7D-E7B00030A77D/MMC2
https://doi.org/10.1016/J.LANWPC.2021.100122/ATTACHMENT/34CB8D18-1421-400E-BB7D-E7B00030A77D/MMC2
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref5
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref5
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref5
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref5
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref5
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref6
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref6
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref6
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref6
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref7
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref7
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref7
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref7
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref8
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref8
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref8
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref8
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref9
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref9
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref9
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref9
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref10
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref10
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref10
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref10
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref10
https://doi.org/10.3389/FCVM.2021.732518
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref12
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref12
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref12


COVID-19: Health Care Implications 395
incident coronavirus disease 2019: findings from the

UK Biobank. Aging Clin Exp Res 2021;33(4):

1133–44.

13. Wu J, Mamas MA, Mohamed MO, et al. Place and

causes of acute cardiovascular mortality during the

COVID-19 pandemic. Heart 2021;107(2):113–9.

14. Dreyer H, De Oliveira K, Lalloo V, et al. A qualitative

study of COVID-19 related reasons for delayed pre-

sentation of patients with chest pain during the

COVID-19 pandemic. Afr J Emerg Med 2022;12(1):

34–8.

15. Mafham MM, Spata E, Goldacre R, et al. COVID-19

pandemic and admission rates for and management

of acute coronary syndromes in England. Lancet

2020;396(10248):381–9.

16. Braiteh N, Rehman W ur, Alom M, et al. Decrease in

acute coronary syndrome presentations during the

COVID-19 pandemic in upstate New York. Am Heart

J 2020;226:147–51.

17. Nils P, Iglesias Juan F, Florian R, et al. Impact of the

COVID-19 pandemic on acute coronary syndromes.

Swiss Med Wkly 2020;150(51):1–8.

18. Eckner D, Hofmann EM, Ademaj F, et al. Differences

in the treatment of acute coronary syndrome in the

pre-COVID and COVID Era: an analysis from two

German high-Volume Centers. J Cardiovasc Dev

Dis 2021;8(11):145.

19. Aldujeli A, Hamadeh A, Briedis K, et al. Delays in

presentation in patients with acute myocardial

infarction during the COVID-19 pandemic. Cardiol

Res 2020;11(6):386–91.

20. Kwok CS, Gale CP, Curzen N, et al. Impact of the

COVID-19 pandemic on percutaneous coronary

intervention in England: Insights from the

british cardiovascular intervention society pci

database cohort. Circ Cardiovasc Interv 2020;

210–21.

21. Rodriguez-Leor O, Cid-Alvarez B, Ojeda S, et al.

Impact of the COVID-19 pandemic on interventional

cardiology activity in Spain. REC Interv Cardiol

2020;2(2):82–9.

22. Garcia S, Albaghdadi MS, Meraj PM, et al. Reduc-

tion in ST-Segment elevation cardiac Catheterization

Laboratory Activations in the United States during

COVID-19 pandemic. J Am Coll Cardiol 2020;

75(22):2871–2.

23. Rashid M, Gale CP, Curzen N, et al. Impact of coro-

navirus disease 2019 pandemic on the incidence

and management of out-of-hospital cardiac arrest

in patients presenting with acute myocardial infarc-

tion in England. J Am Heart Assoc 2020;9(22).

https://doi.org/10.1161/JAHA.120.018379.

24. Nogueira RG, Abdalkader M, Qureshi MM, et al.

Global impact of COVID-19 on stroke care. Int J

Stroke 2021;16(5):573–84.
25. Uchino K, Kolikonda MK, Brown D, et al. Decline in

stroke presentations during COVID-19 Surge. Stroke

2020;51(8):2544–7.

26. Gu S, Dai Z, Shen H, et al. Delayed stroke treatment

during COVID-19 pandemic in China. Cerebrovasc

Dis 2021;50(6):715–21.

27. Schirmer CM, Ringer AJ, Arthur AS, et al. Delayed

presentation of acute ischemic strokes during the

COVID-19 crisis. J Neurointerv Surg 2020;12(7):

639–42.

28. Yafasova A, Fosbøl EL, Johnsen SP, et al. Time to

thrombolysis and long-term outcomes in patients

with acute ischemic stroke: a nationwide study.

Stroke 2021;52:1724–32.

29. Wu J, Mamas MA, de Belder MA, et al. Second

decline in admissions with heart failure and myocar-

dial infarction during the COVID-19 pandemic. J Am

Coll Cardiol 2021;77(8):1141–3.

30. Shoaib A, Van Spall HGC, Wu J, et al. Substantial

decline in hospital admissions for heart failure

accompanied by increased community mortality

during COVID-19 pandemic. Eur Hear J - Qual

Care Clin Outcomes 2021;7(4):378–87.

31. Vahanian A, Beyersdorf F, Praz F, et al. 2021 ESC/

EACTS Guidelines for the management of valvular

heart disease. Eur Heart J 2022;43(7):561–632.

32. Martin GP, Curzen N, Goodwin AT, et al. Indirect

impact of the COVID-19 pandemic on activity and

outcomes of transcatheter and surgical treatment

of aortic stenosis in England. Circ Cardiovasc Interv

2021;14(5):e010413.

33. Albassam O, Henning KA, Qiu F, et al. Increasing

wait-time mortality for severe aortic stenosis. Circ

Cardiovasc Interv 2020;13(11):278–88.

34. Mohamed MO, Banerjee A, Clarke S, et al. Impact of

COVID-19 on cardiac procedure activity in England

and associated 30-day mortality. Eur Hear J - Qual

Care Clin Outcomes 2021;7(3):247–56.

35. Tam DY, Qiu F, Manoragavan R, et al. The impact of

the COVID-19 pandemic on cardiac procedure wait

list mortality in Ontario, Canada. Can J Cardiol 2021;

37(10):1547–54.

36. Mohamed MO, Curzen N, de Belder M, et al. Revas-

cularisation strategies in patients with significant left

main coronary disease during the COVID-19

pandemic. Catheter Cardiovasc Interv 2021;98(7):

1252–61.

37. Williams MC, Shaw L, Hirschfeld CB, et al. Impact of

COVID-19 on the imaging diagnosis of cardiac dis-

ease in Europe. Open Hear 2021;8(2):e001681.

38. Dondi M, Milan E, Pontone G, et al. Reduction of car-

diac imaging tests during the COVID-19 pandemic:

the case of Italy. Findings from the IAEA Non-

invasive Cardiology Protocol Survey on COVID-19

(INCAPS COVID). Int J Cardiol 2021;341(January):

100–6.

http://refhub.elsevier.com/S0733-8651(22)00021-2/sref12
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref12
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref12
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref13
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref13
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref13
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref14
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref14
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref14
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref14
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref14
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref15
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref15
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref15
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref15
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref16
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref16
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref16
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref16
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref17
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref17
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref17
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref18
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref18
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref18
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref18
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref18
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref19
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref19
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref19
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref19
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref20
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref20
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref20
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref20
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref20
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref20
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref21
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref21
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref21
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref21
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref22
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref22
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref22
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref22
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref22
https://doi.org/10.1161/JAHA.120.018379
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref24
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref24
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref24
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref25
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref25
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref25
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref26
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref26
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref26
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref27
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref27
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref27
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref27
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref28
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref28
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref28
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref28
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref29
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref29
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref29
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref29
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref30
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref30
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref30
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref30
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref30
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref31
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref31
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref31
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref32
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref32
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref32
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref32
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref32
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref33
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref33
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref33
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref34
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref34
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref34
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref34
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref35
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref35
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref35
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref35
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref36
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref36
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref36
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref36
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref36
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref37
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref37
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref37
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref38
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref38
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref38
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref38
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref38
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref38


Raisi-Estabragh & Mamas396
39. Appointments in general practice - March 2020 - NHS

Digital. Available at: https://digital.nhs.uk/data-and-

information/publications/statistical/appointments-in-

general-practice/march-2020#. Accessed January 5,

2022.

40. Dale CE, Takhar R, Carragher R, et al. The adverse

impact of COVID-19 pandemic on cardiovascular

disease prevention and management in England ,

Scotland and Wales : a population-scale descriptive

analysis of trends in medication data. medRxiv

Prepr 2022;1–41. https://doi.org/10.1101/2021.12.

31.21268587.

41. Carr MJ, Wright Alison K, Leelarathna L, et al.

Impact of COVID-19 restrictions on diabetes health

checks and prescribing for people with type 2 dia-

betes: a UK-wide cohort study involving 618 161

people in primary care. BMJ Qual Saf 2021;0.

https://doi.org/10.1136/BMJQS-2021-013613.

bmjqs-2021-013613.

42. Carr MJ, Wright AK, Leelarathna L, et al. Impact of

COVID-19 on diagnoses, monitoring, and mortality

in people with type 2 diabetes in the UK. Lancet Dia-

betes Endocrinol 2021;9(7):413–5.

43. Morales DR, Ali SN. COVID-19 and disparities

affecting ethnic minorities. Lancet 2021;

397(10286):1684–5.

44. Mathur R, Rentsch CT, Morton CE, et al. Ethnic dif-

ferences in SARS-CoV-2 infection and COVID-19-

related hospitalisation, intensive care unit admis-

sion, and death in 17 million adults in England: an

observational cohort study using the OpenSAFELY

platform. Lancet 2021;397(10286):1711–24.

45. COVID-19 takes unequal toll on immigrants in

Nordic region. Available at: https://uk.reuters.com/

article/uk-health-coronavirus-norway-immigrants/

covid-19-takes-unequal-toll-on-immigrants-in-
nordic-region-idUKKCN2260Y2. Accessed May 24,

2020.

46. Office for national Statistics- coronavirus ( COVID-19 )

related deaths by ethnic group , England and Wales:

2 March 2020 to 10 April 2020. 2020. Available at:

https://www.ons.gov.uk/peoplepopulationandcommunity/

birthsdeathsandmarriages/deaths/articles/corona

virusrelateddeathsbyethnicgroupenglandandwales/

2march2020to10april2020.

47. City of Chicago: Latest data. Available at: https://

www.chicago.gov/city/en/sites/covid-19/home/

latest-data/2020-04-21.html. Accessed May 24,

2020.

48. Raisi-Estabragh Z, McCracken C, Ardissino M, et al.

Renin-angiotensin-aldosterone system Blockers are

not associated with coronavirus disease 2019

(COVID-19) Hospitalization: study of 1,439 UK Bio-

bank cases. Front Cardiovasc Med 2020;7(July):

1–8.

49. Raisi-Estabragh Z, McCracken C, Bethell MS, et al.

Greater risk of severe COVID-19 in Black, Asian

and Minority Ethnic populations is not explained by

cardiometabolic, socioeconomic or behavioural fac-

tors, or by 25(OH)-vitamin D status: study of 1326

cases from the UK Biobank. J Public Health

(Bangkok) 2020;42(3):451–60.

50. Rashid M, Timmis A, Kinnaird T, et al. Racial differ-

ences in management and outcomes of acute

myocardial infarction during COVID-19 pandemic.

Heart 2021;107(9):734–40.

51. Ferdinand KC. Public health and Hurricane Katrina:

lessons learned and what we can do now. J Natl

Med Assoc 2006;98(2):271–4. Available at: https://

pubmed.ncbi.nlm.nih.gov/16708514/. Accessed

January 26, 2022.

https://digital.nhs.uk/data-and-information/publications/statistical/appointments-in-general-practice/march-2020#
https://digital.nhs.uk/data-and-information/publications/statistical/appointments-in-general-practice/march-2020#
https://digital.nhs.uk/data-and-information/publications/statistical/appointments-in-general-practice/march-2020#
https://doi.org/10.1101/2021.12.31.21268587
https://doi.org/10.1101/2021.12.31.21268587
https://doi.org/10.1136/BMJQS-2021-013613
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref42
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref42
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref42
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref42
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref43
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref43
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref43
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref44
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref44
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref44
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref44
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref44
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref44
https://uk.reuters.com/article/uk-health-coronavirus-norway-immigrants/covid-19-takes-unequal-toll-on-immigrants-in-nordic-region-idUKKCN2260Y2
https://uk.reuters.com/article/uk-health-coronavirus-norway-immigrants/covid-19-takes-unequal-toll-on-immigrants-in-nordic-region-idUKKCN2260Y2
https://uk.reuters.com/article/uk-health-coronavirus-norway-immigrants/covid-19-takes-unequal-toll-on-immigrants-in-nordic-region-idUKKCN2260Y2
https://uk.reuters.com/article/uk-health-coronavirus-norway-immigrants/covid-19-takes-unequal-toll-on-immigrants-in-nordic-region-idUKKCN2260Y2
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/coronavirusrelateddeathsbyethnicgroupenglandandwales/2march2020to10april2020
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/coronavirusrelateddeathsbyethnicgroupenglandandwales/2march2020to10april2020
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/coronavirusrelateddeathsbyethnicgroupenglandandwales/2march2020to10april2020
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/articles/coronavirusrelateddeathsbyethnicgroupenglandandwales/2march2020to10april2020
https://www.chicago.gov/city/en/sites/covid-19/home/latest-data/2020-04-21.html
https://www.chicago.gov/city/en/sites/covid-19/home/latest-data/2020-04-21.html
https://www.chicago.gov/city/en/sites/covid-19/home/latest-data/2020-04-21.html
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref48
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref48
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref48
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref48
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref48
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref48
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref49
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref49
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref49
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref49
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref49
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref49
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref49
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref50
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref50
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref50
http://refhub.elsevier.com/S0733-8651(22)00021-2/sref50
https://pubmed.ncbi.nlm.nih.gov/16708514/
https://pubmed.ncbi.nlm.nih.gov/16708514/

	Cardiovascular Health Care Implications of the COVID-19 pandemic
	Key points
	Introduction
	Acute Cardiovascular Care
	Elective Activity
	Impact on Primary Care
	Inequities of Cardiovascular Care
	Summary
	Clinics care points
	References


