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Cardiovascular diseases (CVD) are the leading cause of death worldwide. The coronavirus disease 2019 (COVID-19)
pandemic has disrupted healthcare systems, causing delays in essential medical services, and potentially impacting CVD
treatment. This study aims to estimate the impact of the pandemic on delayed CVD care in Europe by providing a
systematic overview of the available evidence.

PubMed, Embase, and Web of Science were searched until mid-September 2022 for studies focused on the impact of
delayed CVD care due to the pandemic in Europe among adult patients. Outcomes were changes in hospital admissions,
mortality rates, delays in seeking medical help after symptom onset, delays in treatment initiation, and change in the
number of treatment procedures. We included 132 studies, of which all were observational retrospective. Results were
presented in five disease groups: ischaemic heart diseases (IHD), cerebrovascular accidents (CVA), cardiac arrests (CA),
heart failures (HF), and others, including broader CVD groups. There were significant decreases in hospital admissions
for IHD, CVA, HF and urgent and elective cardiac procedures, and significant increases for CA. Mortality rates were
higher for IHD and CVA.

The pandemic led to reduced acute CVD hospital admissions and increased mortality rates. Delays in seeking medical help
were observed, while urgent and elective cardiac procedures decreased. Adequate resource allocation, clear guidelines
on how to handle care during health crises, reduced delays, and healthy lifestyle promotion should be implemented. The
long-term impact of pandemics on delayed CVD care, and the health-economic impact of COVID-19 should be further
evaluated.
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Key learning points

What is already known:

burden.

of essential medical services, including CVD care.

medical care.

What this study adds:

cardiac procedures.

the evolving impact of the pandemic on CVD management.

® Cardiovascular diseases are a leading cause of death worldwide, and timely diagnosis and treatment are crucial in lowering the disease
® The coronavirus disease 2019 (COVID-19) pandemic has disturbed healthcare systems globally, leading to significant delays in the delivery

® Delays in CVD treatment during the pandemic can be due to various factors, such as patient hesitation to seek timely care, changes
in healthcare priorities, and postponements or cancellations of elective procedures owing to a higher demand for COVID-19-related

® This systematic review offers a comprehensive and synthesized overview of available evidence on the impact of the COVID-19 pandemic
on delayed CVD care in Europe, including insights on hospital admissions, mortality rates, delays in treatment initiation, and changes in

® |t also offers insights into the potential long-term effects of delayed CVD care during different waves of the pandemic, shedding light on

® The review highlights the importance of considering the unique challenges faced by each country in Europe when devising targeted
strategies to minimize disruptions in CVD care and improve patient outcomes during future health crises.

Introduction

Cardiovascular diseases (CVD) remain the number one cause of death
across the globe. In 2019, about 17.9 million deaths worldwide were
due to CVDs, representing 32% of all fatalities.! Furthermore, CVDs
also significantly contribute to overall disability. Over the past three
decades, the number of health life years lost due to CVD and years
spent living with disability caused by CVDs has doubled from 17.7
million (95% confidence interval (Cl): 12.9-22.5 million) to 34.4 million
(95% Cl: 24.9-43.6 million), as reflected by the dramatic increase in
global trends for disability-adjusted life years.? In addition to preven-
tive actions, timely diagnosis and treatment are essential to lower the
disease burden.?

The coronavirus disease 2019 (COVID-19) pandemic has disrupted
healthcare systems worldwide and caused significant delays in the
delivery of essential medical services, including CVD care.* Delays in
CVD treatment may be caused by patient delays in seeking timely
treatment due to insufficient symptom knowledge and/or symp-
tom confusion,” faulty CVD care pathways,® or a lack of healthcare
coordination.” In March 2020, when Europe was experiencing signif-
icant outbreaks of COVID-19, there were changes in the availability
of medical care due to shifting healthcare priorities. This resulted in
postponements and cancellations of elective procedures due to the
increased demand for medical care related to COVID-19.* Patients
were also reluctant to seek for appropriate care because they were
afraid of contracting the virus and wanted to avoid straining the
healthcare system.2 While some studies have investigated the effects
of the COVID-19 pandemic on acute CVD care, a systematic review
evaluating the impact of the pandemic on all CVD and cardiac proce-
dures in Europe is currently lacking. This knowledge gap highlights the
need for further research to better understand the indirect impact of
the pandemic on delayed cardiovascular disease care. Therefore, the
aim of this review is to study and summarize the potential impact of
the COVID-19 pandemic in Europe on delayed CVD care by providing
a systematic overview of the available evidence.

Methods

Search strategy and selection criteria
A systematic literature study was performed according the to the
Cochrane Handbook for Systematic Reviews of Interventions’ methodol-

ogy and compliant with preferred reporting items for systematic reviews
and meta-analyses (PRISMA) guidelines, for which the checklist can be
found in the supplementary material.” The protocol’s registration num-
ber on PROSPERO is CRD42022354443 (https://www.crd.york.ac.uk/
prospero/).

Three electronic databases were searched up to mid-September
2022: MEDLINE (through PubMed interface), Embase (through em-
base.com interface), and Web of Science. The search strategy
(Supplementary material 1) consisted of four concepts: COVID-19, dis-
ruption, care, and CVDs. Creation of the search strategy was assisted by
an information specialist (NSP) and further finalized with content experts.
A number of inclusion criteria were defined in advance based on our
research question and the identification of the PICO elements (Table 1).

Selection process

Title and abstract screening, full-text screening, and reference list screening
were executed independently by two reviewers (Y.K. and L.C.) to decide
whether a study met the inclusion criteria. Rayyan (https://rayyan.qcri.org),
a web automation tool, was used for screening and selecting studies and
for collaboration among reviewers.

Data extraction

After relevant studies were included in the review, it became apparent that
certain disease groups were recurring. Therefore, we classified the papers
into the following categories: Ischaemic heart diseases (IHD), cerebrovas-
cular accidents (CVA), heart failure (HF), cardiac arrest (CA), and others
(including studies reporting on multiple diseases and/cardiac procedures).
Two reviewers (Y.K. and L.C.) independently extracted (a) study design,
(b) country, (c) setting, (d) COVID-19 period (i.e. timeframe observed
during the pandemic), (€) comparison period (i.e. pre-COVID period to
which the COVID-19 period is compared), (f) disease group (i.e. IHD,
CVA, HF, CA, others), (g) study population characteristics (population
size, age, gender, and comorbidities), (h) outcome(s), (i) main results, and
(j) author’s conclusion into an Excel file (Supplementary material 2). It is
of common practice to extract data from included articles in a systematic
review into an Excel sheet for data management and analysis because
it allows easy organization, manipulation, and sharing of data.” Missing
summary statistics were handled by contacting authors. No meta-analysis
was performed due to the heterogeneity in outcome measures, as some
studies measured relative changes (%) and others used incidence rate
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Table | Inclusion criteria

Population

Intervention

Adults (>18 years of age) diagnosed and/or susceptible to being affected by CVDs
Delayed care and reduced health services availability due to the COVID-19 pandemic. Studies related to patients affected

with the COVID-19 virus and/or studies estimating the impact of the COVID-19 vaccine on CVDs were excluded.

Comparators Usual care (i.e. pre-COVID-19 times)
Outcomes 1. Changes in hospital admission: relative change (%) and/or RR (95% Cl)
2. Mortality: relative change (%) or case fatality rate
3. Delays in seeking medical help after symptom onset in time: mean or median minutes or hours
4. Delays in treatment initiation mean or median minutes or hours
5. Change in the number of treatment procedures: relative change (%) and/or RR (95% Cl)
Context The COVID-19 pandemic
Region Europe
Study design Quantitative studies only
Evidence Peer-reviewed publications only
Language English

Publication time frame

Studies published since 1 November 2019 until 18 September 2022

CVD: Cardiovascular disease; RR: Relative risk ratio.

ratios (IRR). Moreover, using a broader timeframe (i.e. studies published
since 1 November 2019 until 18 September 2022) led us to include studies
with different outcome measures, patient populations, interventions, and
measurement methods, which made it challenging to conduct a meaningful
meta-analysis too.

Synthesis of findings

First, a synthesis of study characteristics was presented (i.e. country,
sample size, gender, population risk profile, study design, and comparison
period during the COVID-19 pandemic). Then, the results of the review
were categorized based on the five most frequently occurring CVD groups
found in the included studies (i.e. IHD, CVA, HF CA, and others). For
all CVD groups, hospital admission (i.e. when a patient is admitted to a
hospital/healthcare facility to receive inpatient medical care) and mortality
rate results were presented. Delays in seeking medical help after symp-
tom onset, delays in treatment initiation, and the number of treatment
procedures were only available for IHD and CVA, as the included studies
reporting on those disease groups were focused on these outcomes.
For IHD, delays in treatment initiation were reflected by door-to-balloon
(DTB) times (i.e. time interval from a patient’s arrival at the hospital to
the inflation of a balloon catheter to open a blocked coronary artery
during a percutaneous coronary intervention (PCl)). For CVA, delays in
seeking help after symptom onset were reflected by symptom-to-door
times (i.e. time interval between the onset of symptoms in a patient
and their arrival at the healthcare facility’s door for treatment). Delays
in treatment initiation were reflected by door-to-needle (DTN) times
(i.e. elapsed time from a patient’s arrival at a hospital/medical facility to
the start of a specific medical treatment, such as administering a medi-
cation/performing a procedure) and door-to-groin (DTG) time (i.e. time
required for a patient to reach neuro-interventional radiology suite for
mechanical thrombectomy), also for CVA. The level of severity at hospital
admission (National Institutes of Health Stroke Scale (NIHSS)) and the
level of disability (Modified Rankin Scale (mRS)) post stroke were also
presented for CVA. Heart failure reported on symptom severity at the
time of hospital admission (New York Heart Association (NYHA) score).

Quality assessment

Two authors (Y.K. and L.C.) independently performed the quality assess-
ment of the included studies in the review using the 14-item QualSyst
tool checklist for quantitative research.’® Out of the 14 components of
the tool, three of them (i.e. random allocation to treatment group (a),

blinding of investigators (b), and subjects (c)) were not considered as they
all relate to intervention studies only. The other items of the checklist
are related to the research question, study design, sampling methods,
characteristics of subjects, analytical methods, estimation of variance, risk
of bias/confounders, results, and conclusion. The two authors determined
a summary score (%) for each study, ranging from zero (poor quality) to
100 (excellent quality). Disagreements were resolved by consulting a third
reviewer (D.D.S)). A sensitivity analysis to evaluate the impact of studies
with lower quality scores on the review’s findings was performed. Studies
with the lowest quality scores (<50) were identified and removed from
the analysis. Then, the data was re-analysed and results with and without
low-quality studies were compared. The impact of the low-quality studies
on the overall findings of the review were evaluated. Ultimately, the results
of the sensitivity analysis in the review were discussed and considered in
the implications for the interpretation of the findings.

Results

Study selection

The initial search yielded 16 966 articles. After removal of duplications,
9089 references were imported into Rayyan. Two review authors
(Y.K. and L.C)) then screened for relevant studies based on the title
and abstract of the publication. If disagreements were not resolved
through consensus, a third review author (DDS) was consulted. There
was a good inter-rater agreement between both reviewers with a
weighted kappa statistic of 88%. Next, the remaining 629 references’
full-text records were independently evaluated by two authors (Y.K.
and L.C)) according to the eligibility criteria, leaving 129 articles. Addi-
tionally, three more studies were added after reviewing the reference
lists, bringing the total to 132 articles for data extraction. Figure 1
provides a thorough description of the study screening and selection
following the PRISMA 2020 flow diagram.

Study characteristics

Most studies were performed in the UK (n = 25), followed by
ltaly (n = 23) and Germany (n = 17) but some studies were also
performed in France (n = 14), Spain, Greece, Portugal, Austria,
Switzerland, Lithuania, Norway, Netherlands, Albania, Denmark, Bel-
gium, Poland, Ireland, Romania, Serbia, Hungary, Czech Republic,
Slovakia, Croatia, Bulgaria, and Finland. The studies differed in terms
of sample size (n = 32 to n = 2 055 244), gender (40% male to
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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Figure 1 PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers, and other sources.

90% male), age (mean age = 18 to mean age = 80), and population
risk profile (hypertension: 4-97%; obesity: 12—-67%; diabetes: 2-54%;
dyslipidaemia: 4-93%; and smoking: 0—77%). All of studies were retro-
spective observational 82% were case-controls, 8% were prospective,
5% were cross-sectional, and the remaining 5% consisted of longitudi-
nal and population-based studies. For the comparison period, 51% of
the studies focused on the period preceding the first lockdown and
the first lockdown period (January—April 2020), 36% of the studies
looked at the first lockdown and the first post-lockdown period
(March/April-May/June 2020), 6% of the studies focused on the first
and the second waves, 5% of the studies on the year 2020, and the
remaining 2% looked at the first wave until the third wave, and the
first wave until the fourth wave of the COVID-19 pandemic. The main
results of the review are illustrated in Table 2.

Synthesis of findings

Ischaemic heart diseases (IHD)

Sixty-eight studies analysed delayed IHD care during the COVID-19
pandemic. All of them considered myocardial infarctions (ST-elevation
myocardial infarction (STEMI), n = 66; Non-ST-elevation myocardial
infarction (NSTEMI), n = 35), seven studies included AP (unstable,
n = 5; stable, n = 2), and two studies analysed CAD. Out of the
68 studies, 47 addressed hospital admissions, 30 discussed mortality,
25 analysed delays in help-seeking after symptom onset or delays
in treatment initiation, and 13 analysed the number of treatment
procedures.

Acute myocardial infarction (AMI) hospital admissions
Forty-four studies found a significant decline in AMI admissions during

the COVID-19 pandemic compared to the pre-COVID-19 period
ranging between 12 and 66%.""~>* One study observed no variation
in the number of STEMI admissions during the pandemic compared
to pre-pandemic times.> An ltalian study found a reduction in AMI
admissions during the first lockdown period compared to pre-COVID
times, but a significant increase in hospital admissions for AMI after the
lockdown was lifted."> Another Italian study examining figures from
2020, depicting the two first waves of the pandemic, also found a
significant increase in AMI hospital admissions compared to the year
2019.%¢

Angina pectoris (AP) hospital admissions

Six studies found a significant decrease in AP admissions with admis-
sion rates ranging from 0.63 to 0.92,%7:2%:48.52.33.57 \vhereas one study
did not find a significant change compared to pre-COVID-19 times.*

Coronary artery disease (CAD) hospital admissions

Two studies focused specifically on CAD and reported a significant
increase in hospitalizations during the COVID-19 period compared
to pre-COVID times, with rates ranging from 1.2 to 2.4.52>8

Delays in seeking help after symptom onset

Thirteen studies found a significant longer median time to medical
help after symptom onset for patients with IHD ranging be-
tween 15 and 926 min during the COVID-19 period compared
to a time ranging between 2 and 439 min during pre-COVID-19
times.16:28:30.32,35,37,47.56,59-63 Five studies did not find a significant
difference in time to medical help after symptom onset during the
pandemic in comparison to pre-pandemic times.'#18.29.64.65
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Table 2 Main results of the included papers in the review

Number
of

Disease group studies

Ischaemic 47
heart disease
(IHD)

17

18

11

Outcomes
assessed

Hospital
admissions for

Ml

Hospital
admissions for
AP

Hospital
admissions for
CAD

Mortality rate

Delays in seeking
medical help
after symptom
onset

Delays to
treatment
initiation

Number of
Number of studies
studies finding  finding = com-
1compared to pared to

pre-COVID-19  pre-COVID-19

2 1
0 1
2 0
15 1
13 5
6 4

Number of
studies that
found |
compared to

pre-COVID-19 Overview
44
4% 2 u ’T‘
W=
LR
9450
6
0
1
0
1
uT
W=
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Table 2 Continued

Number
of

Disease group studies

Outcomes
assessed

Number of
Number of studies
studies finding  finding = com-
{compared to pared to

pre-COVID-19  pre-COVID-19

Number of
studies that
found |
compared to

pre-COVID-19 Overview

Cerebrovascular 41
disease

17

14

19

Treatment
procedures

Hospital
admissions for
strokes

Hospital
admissions for
TIA

Hospital
admissions for
ICH

Delays in seeking
medical help
after symptom
onset

Delays in
treatment
initiation

0 0
1 2
0 5
0 0
6 8
6 12

38

12

ut
=
LR
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Table 2 Continued

Number
of

Disease group studies

29

20

Heart Failure 10
(HF)

Outcomes
assessed

Mortality rate

Treatment
procedures

Level of severity at
hospital
admission
(NIHSS)

Level of disability
(mRS) post
stroke

Hospital
admissions

Mortality rate

Number of
studies finding
1compared to
pre-COVID-19

Number of
studies
finding = com-
pared to
pre-COVID-19

15

17

Number of
studies that
found |
compared to
pre-COVID-19

14

10

Overview
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Table 2 Continued
Number of Number of
Number of studies studies that
Number studies finding finding = com- found |
of Outcomes 1compared to pared to compared to
Disease group studies assessed pre-COVID-19 pre-COVID-19 pre-COVID-19 Overview
2 Symptom severity 2 0 0
at admission
uT
=
=
Cardiac arrests 6 Hospital 4 2 0
(CA) admissions
ap
m=
3 Mortality rate 3 0 0
u
-
Others
Other CVD 12 Hospital 5 1 6
admissions
u
=
Other cardiac 2 Hospital admission 0 0 2
procedures

1 increase; |: decrease; = : equal to.

AP: angina pectoris; CAD: coronary artery; ICH: intracranial haemorrhage; MI: myocardial infarction; and TIA: transient ischaemic attack.

Delays in treatment initiation
Six studies found a significant longer median DTB time, ranging from

DTB time during the COVID-19 period compared to pre-COVID-19

times.®’

41 to 66 min during the COVID-19 period compared to a time ranging
between 34 and 40 min during pre-COVID-19 times'®:21:57.66-68

and four studies did not find a significant difference in DTB
times during the COVID-19 pandemic compared to pre-COVID-19
Moreover, one study observed a significant shorter

times_28,31,60,69

Treatment procedures
Six studies reported a significant reduction in the number of PCI
procedures for STEMI patients ranging from 15 to 66

% 19,35,57,59,68,70
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Additionally, three studies observed a significant decrease in the num-
ber of catheterization procedures, with reductions ranging from 25
to 45%.26,71,72

Mortality rate

Fifteen studies found a higher mortality rate for patients with
IHD during the COVID-19 pandemic ranging between 1 and
25%.15:17,21,28-30,32,35,39.42,47.56,59.71.73 A French study analysing the
period from before the 1st lockdown until after the 2nd lockdown
found a decrease in hospitalizations for AMI, without observing any
increase in mortality, acute cardiac complications or 3-month mortal-
ity among AMI patients.2°

Cerebrovascular accident

Fifty-one studies examined the impact of the COVID-19 pandemic
on CVA 446,48-50.53,54.74=117 A|| of them investigated the impact on
both ischaemic stroke (IS) and haemorrhagic strokes (HS). Transient
ischaemic attacks (TIA) were analysed in 17 studies, while four studies
examined intracranial haemorrhage (ICH).86:103.107.117

Stroke hospital admissions

Thirty-eight  studies reported a significant decrease in
stroke  hospital  admissions,  ranging between 9  and
4()%, 44.46,48-50,54,74,75,80-88,90-96,99-103,105-107,110-112,115-117 A

German study showed a significant decrease in the number of daily
stroke admissions during the first and second waves of the pandemic
compared to pre-COVID-19 times, but observed a return to normal
during the third and the fourth waves.®? Similarly, a Danish study
found consistent with pre-pandemic levels stroke admission rates
during various stages of lockdown and reopening.'® In contrast, a
Bulgarian study found a significant 17% increase in the number of
stroke cases during the first wave of the pandemic compared to the
same period in 2019.%

Transient ischaemic attack hospital admissions

Twelve studies found a significant decrease in hospital admissions rang-
ing from 15 to 25% during the pandemic compared to pre-COVID-19
times, #9,50:53.75.80.86,88,91,103,107.114.118 Five stydies found no significant
difference in hospital admissions.”8:87.90.108.117

Intracranial haemorrhage hospital admissions

Four studies found that ICH admissions significantly decreased by 16—
22% during the pandemic period compared to the pre-COVID-19
period.5%:60.61.62

Delays in seeking help after symptom onset

Six studies found significant increases in symptom-to-door times dur-
ing the pandemic, with mean or median times ranging from 66 to 230
min compared to 34 to 120 min in pre-COVID times.”?%5:97:104.116,117
In contrast, eight studies did not find any significant time differences
in seeking medical help after symptom onset.”#76:78.81.94,98,106,115

Delays in treatment initiation

Two studies reported a significant longer median DTN time, with
30-55 min during the pandemic®*° compared to 27-51 min in pre-
COVID times,”® """ while five did not find any delay.”? 110115117 Foyr
studies also found a significant longer DTG, ranging from 62 to 185
min during the pandemic compared to 50—185 min during pre-COVID
times,®” but seven studies did not find a delay.77'81'101*106'”5’117
Moreover, a British study found significantly reduced internal delays
(i.e. DTG times) during the first wave of the pandemic compared to
pre-COVID times.”?

Treatment procedures

Fourteen studies demonstrated a decrease in the number of reper-
fusion therapies during the pandemic compared the pre-pandemic
period ranging from 4 to 429%.7476-78.80.88,89,98,100,106,107,109,111,113

Fifteen studies however observed no change in the number of reper-
fusion therapies.33/86:87.92.96.99.101,103,110,112,114-118

Level of severity at hospital admission (NIHSS) and level of
disability (mRS) post stroke

Seventeen studies indicated no significant changes in stroke severity
upon hospital admission,’477.79:87.90-92,96-98,100,104,106,109,110,115.116
while three studies did not find any differences in post-stroke dis-
ability levels.8"191.19% Two studies revealed significantly higher NIHSS
scores’®%* and one study reported a significantly higher mRS score'®”
during the COVID-19 pandemic compared to pre-pandemic times.
Conversely, a Swiss study demonstrated a significant improvement in
NIHSS score during the first lockdown.®’

Mortality rate

Eight studies*?-82.84.85.103.108.109.112 {5nd that mortality rates were
significantly higher during the pandemic, with increases ranging from
8 to 70% for different outcomes. In contrast, three studies’? %11
did not find a significant increase in in-hospital deaths during the
pandemic. One study also reported a 17% increase in 30-day mor-
tality risk rate.'®® Notably, 30-day out-of-hospital case fatality rates
after hospital admission were particularly high during the pandemic,
reaching 70% in some cases.®®

Heart failure

Ten studies assessed the impact of the COVID-19 pandemic on
HF43:45,54.118,120—125 3nd all of them reported a significant reduction
in hospital admissions, with a relative decrease ranging from 9 to
66%. However, four studies indicated an increase in mortality rates,
with in-hospital mortality rates ranging between 6 and 7% during the
pandemic compared to mortality rates ranging between 5 and 6% in
the pre-COVID-19 era.'?—12> Furthermore, two studies identified
a significant increase in patients with more severe symptoms at the
time of admission.'23:126

Cardiac arrests

Two studies evaluated IHCA, while four studies focused
on out-of-hospital cardiac arrest (OHCA).“-71127—130  Foyr
studies'” 130 reported a significant rise in CA rates, with a
relative increase ranging from 11 to 56%. However, two German
studies did not find a significant change in OHCA admissions during
the first wave of the pandemic.”"'" Additionally, two studies
reported a decreased survival rate after resuscitation,'?” 128 while
one study observed a significant increase in in-hospital mortality rate
during the COVID-19 pandemic compared to pre-COVID times."?’

Others

Other cardiovascular diseases

Seventeen studies examined the broader cardiovascular disease
groups.#2:45.47.49,52,58,71,85,118.119.132-138 Ty German studies inves-
tigated arrhythmic heart disease hospitalizations. One study found
a significant increase (IRR = 2.4), while the other did not ob-
serve any difference compared to the pre-COVID-19 period.*’+>8
An ltalian study reported a 27% relative decrease in acute my-
ocarditis hospital admissions during the pandemic compared to
pre-COVID times. However, the incidence of pericarditis and my-
opericarditis/perimyocarditis remained stable. Four studies found a
significant decrease in pulmonary embolism hospital admissions, with
reductions ranging from 40 to 83% during the pandemic com-
pared to pre-pandemic times.*>%:85.136 One of these studies also
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reported a threefold increase in related in-patient mortality rate.
Studies found significant decreases in hospital admissions for venous
thrombolysis,'>? chest pain,’3? aortic ruptures,*” and new-onset atrial
fibrillations'* but a study found a significant increase in aneurysmal
subarachnoid haemorrhage'"® during the COVID-19 pandemic com-
pared to pre-COVID-19 times.

Other cardiac procedures

One British study found a significant reduction in both surgical aortic
valve replacement (AVR) and transcatheter AVR during the first and
second waves of the pandemic. Additionally, the study reported a
significant increase in 30-day mortality rate for both AVR and coro-
nary artery bypass grafting procedures (135). A German study found
decreased proportions of chronic coronary syndromes catheteri-
zationﬂprocedures during the pandemic compared to pre-COVID
times.

Quality assessment

There was a good inter-rater agreement between both reviewers
for the quality assessment with a weighted kappa statistic of 85%.
Studies with lower quality scores may still provide valuable informa-
tion and/contribute to the understanding of the research question,
therefore we did not reject studies based on quality assessment. Only
one study had a quality score <50.”°> The latter focused on the impact
of the pandemic on CVA hospital admissions in Italy and found that
there was a drop in admissions for TIA but not for strokes. Details
of the quality assessment of each study included in the review are in
Supplementary material 3.

Discussion

The COVID-19 pandemic has disrupted healthcare systems world-
wide, causing delays in the delivery of essential medical services,
including CVD care. A survey performed by the European Society of
Cardiology (ESC) in April 2020, among 3000 healthcare professionals
worldwide showed a decrease in AMI admission and an increase in
delayed presentations at cardiology wards."** ™! With time, high-level
evidence with more robust study designs estimating the indirect im-
pact of the COVID-19 pandemic on delayed CVD care and confirming
the results of the ESC survey was added to the literature.'20:142.143 For
example, a systematic review examining the effects of the pandemic
on the care and management of patients with acute cardiovascular
disease revealed a decrease in hospital admissions for acute coro-
nary syndrome (ACS) by 40-50% and for stroke emergencies by
12-40%."** This study aimed to provide a systematic review of the
available evidence on the impact of the COVID-19 pandemic on
delayed CVD care in Europe. This information is crucial to understand
the indirect impact of the pandemic on CVD care and to develop
strategies to minimize the burden of delayed CVD care in the future.
Almost 90% of the studies included in our review reported on the first
wave of the pandemic (generally including the post-lockdown period),
those majorly showed that hospital admissions for acute CVD such as
AM], stroke, and HF decreased during the pandemic, while mortality
rates for CVD patients increased. Delay in seeking medical help after
symptom onset was also observed. In contrast, there was an increase
in CAs and lower survival rates. Additionally, there were reductions
in urgent and elective cardiac procedures. Our results are in line with
a systematic review on the impact of the pandemic on the care of
patients with acute CVD, which found a reduction in ACS hospital
admissions of 40-50% and 12-40% for stroke emergencies.'** An-
other recent review on pandemic’s impact on CVD health in 2020
found reduced CVD facility admissions and lower CVD mortality,
though some studies showed the opposite.’* We have included a few
studies (mainly focusing on CVA) that also reported on the second,

third, and fourth waves of the pandemic. Those generally showed a
decrease in hospital admissions and an increase in mortality rates*31%
during the first wave of the pandemic followed by an increase in
hospital admissions, almost hitting pre-COVID-19 levels,>*:82:83.95 and
improved time to treatment initiation,”>*%” which may reflect a learn-
ing curve within healthcare systems in providing CVD care during
the pandemic, changing patient attitudes during the pandemic, and
the success of public health campaigns to reassure patients about the
safety of seeking emergency care when needed.f>%°

The decrease in hospital admissions for CVD during the pan-
demic can be attributed to various factors.'® Government lockdowns
and movement restrictions, fear of contracting COVID-19, and con-
fusion about seeking medical care likely dissuaded patients from
visiting hospitals. Additionally, healthcare systems were overwhelmed
with COVID-19 patients, resulting in reduced capacity to treat
non-COVID-19 related conditions such as CVD.'* Social restric-
tions and confinement may have limited the number of witnessed
acute cardiovascular events and patients sharing their symptoms with
others.'*¢1%7 Moreover, lifestyle changes, such as increased physical
activity, reduced alcohol consumption, healthier eating habits, and
decreased exposure to environmental triggers, due to reduced air
pollution and changes in ambient temperature during the first lock-
down, may have also played a role in reducing hospital admissions for
CVD."

Delays in seeking treatment for CVD during the pandemic may
again be explained by the fear of the virus, pushing patients away
from seeking medical attention, even when experiencing CVD
symptoms.’® In addition, with COVID-19 dominating news coverage
and reduced public health campaigns promoting CVD awareness,
some individuals may have attributed their CVD symptoms to the
virus and be less aware of CVD symptoms, which could also partly ex-
plain delays in seeking medical help.®’"* The pandemic caused delays
in CVD treatment due to changes in healthcare provision, including
strained availability of healthcare professionals, hospital resource al-
location, and ICU bed availability.™™® Insufficient personal protective
equipment and COVID-19 tests at the start of the pandemic also
caused delays in emergency procedures and CVD treatment.'>!-132

Increased CVD mortality rates during the pandemic could be
attributed to delays in diagnosis and treatment initiation leading to
more severe cases and increased risk of death. For instance, delays
in treatment for STEMI patients are associated with negative out-
comes such as myocardial salvage, maintenance of left ventricular
function, and survival.’>3 Moreover, the decrease in AMI admissions
may have increased the risk of OHCA and CVD mortality."?’ In-
creased stress, anxiety, and depression due to fear of the virus,
social isolation, economic uncertainty, disruption to daily life, and
ever-changing information and guidelines related to the pandemic may
have also contributed to increased CVD mortality rates.’*1>> In-
creases in stroke mortality rates may be due to delays in thrombolytic
therapy.’>® While most studies did not show a difference in the level of
stroke severity at admission (NIHSS score) compared to pre-COVID-
19, two studies found higher NIHSS scores, which are associated with
a higher risk of mortality."” Increases in OHCA mortality may be
explained by the reluctance of witnesses and emergency personnel to
perform cardiopulmonary resuscitation on potentially contaminated
patients, given that it is a process that generates aerosols and carries
a significant risk of COVID-19 transmission.">®

Reductions in hospital admissions and delays in seeking medical help
for patients with IHD and CVA could lead to a potential increase in
the number of undiagnosed and untreated cases, which may result
in more severe cases and worse long-term outcomes, including a
higher risk of MI, HF, and death for IHD, and increased disability and
mortality for CVA.">® Delayed treatment for IHD, such as decreases
in PCI and catheterization procedures, could also lead to further
damage to the heart muscle and increase the risk of complications,
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such as HF or arrhythmias.®® Similarly, decreased hospitalizations for
stroke could lead to missed opportunities for secondary prevention
(i.e. identifying and managing risk factors that increase the likelihood
of stroke recurrence) and potentially result in worse outcomes, as
stroke is a time-sensitive condition that requires timely treatment.¢°
Even minor delays in stroke treatment can have negative effects
on clinical outcomes.’®! For HF, decreases in hospital admissions
could potentially lead to disease progression, hospitalization, and even
death, as patients may not have received timely and appropriate
treatment.'®? Additionally, those patients have higher risks of compli-
cations from COVID-19."%3 Declines in HF hospitalizations can also
lead to missed opportunities for healthcare professionals to assess the
patient’s condition, adjust medications, and provide self-management
education, potentially resulting in more severe cases and worse long-
term outcomes.'® The significant increase in CA cases, and lower
survival rates could potentially result in a higher burden of disease in
the long term. Survivors of CA may have a lower quality of life and
require ongoing medical management, which could increase demands
for healthcare resources and services and potentially strain healthcare
systems.'?® Furthermore, the pandemic has led to a reduction in
cardiac procedures, which could have long-term implications such as
a backlog of cases and increased demand for healthcare resources.
This could result in delays in patient care, longer waiting times, poorer
health outcomes for patients who require timely and appropriate care,
and increased costs for patients and insurers.'

Additionally, it is important to acknowledge that the long-term
consequences of COVID-19, such as long COVID, may also have
an impact on the prognosis and treatment of CVD patients. This
can be attributed to direct myocardial injury (i.e. COVID-19 lead-
ing to myocarditis, pericarditis, cardiomyopathy, and other cardiac
abnormalities),'® indirect cardiovascular effects (i.e. systemic inflam-
matory response caused by COVID-19 leading to prothrombotic
state, endothelial dysfunction, and vascular inflammation, which could
contribute to developing or exacerbating CVDs)'®” and the impact
on CV risk factors (i.e. persistent symptoms, physical deconditioning
and medication side effects contributing to worsening hypertension,
diabetes, dyslipidaemia, and obesity potentially leading to poorer
CV outcomes).'®® Healthcare providers should remain vigilant in
assessing and managing CV risks in individuals with long COVID,
including regular monitoring, lifestyle modifications, and pharmaco-
logical interventions. Further research is needed to fully understand
the long-term impact of long COVID on CVD patients, necessitat-
ing multidisciplinary collaboration for comprehensive management
strategies.

Our review offers a comprehensive and synthesized overview of
available evidence on CVD and cardiac procedures in Europe, pro-
viding insights that can guide future research efforts in this area.
Furthermore, by including studies on the impact of the second until
the fourth waves of the pandemic, our review sheds light on the
potential long-term effects of delayed CVD care. Lastly, the quality
assessment of our review suggests that the overall quality of the
studies included is relatively high as only one study” is found to be of
low quality (score <50). Removing the study does not influence our
findings differently since all of the studies reporting on TIA hospital
admissions observed a drop during the pandemic. Although multiple
studies on our topic were conducted in the USA and Asia, our
review is limited to European countries due to differing containing and
tracing measures that may have affected the care trajectories of CVD
patients during the pandemic.'®® Additionally, there are limitations
related to the included studies. Firstly, the 132 studies we reviewed
did not always report consistent outcomes, with some using relative
changes while others describe IRRs. Secondly, most studies analysed
the pandemic’s impact during or after the first wave, leaving a gap in
our understanding of its long-term effects.

Policy-makers and healthcare systems should collaborate to pre-
pare for future pandemics, ensuring adequate resources and capacity
to manage both COVID-19 and non-COVID-19 health conditions, in-
cluding CVD. To address public concerns and reduce delays in seeking
medical attention for CVDs during a pandemic, clear guidelines and
accessible healthcare services should be provided. Measures such as
telemedicine services could help. Promoting healthy lifestyles could
also reduce the burden of CVD during a pandemic. A future review
covering all pandemic waves would help assess the longer-term impact
on delayed CVD care in Europe. Also, the use of decision-analytic
modelling for instance, could be used to estimate the potential long-
term consequences of delayed CVD treatment during the pandemic.
This involves identifying relevant care pathways, gathering data inputs
(including parameters from literature and national data providers such
as insurers, sentinel general practitioner networks, and hospitals),
and conducting simulations of various scenarios to compare out-
comes (i.e. healthcare costs and health-related quality-of-life losses).
By providing decision-makers with evidence-based estimates of the
potential impact of different decisions and interventions, decision-
analytic modelling can help inform policies and strategies that optimize
patient outcomes and healthcare resource utilization. The impact of
our study’s findings should be considered in light of country-specific
restrictions and climate variations that influenced the delivery of CVD
care during the pandemic. Varying containment measures, healthcare
resources, and climate conditions across countries likely contributed
to the results observed.'® Thus, when devising future measures to
mitigate the negative effects on CVD care, it is vital to account for the
local context and customize interventions accordingly. Understanding
the unique challenges faced by each country can guide the develop-
ment of targeted strategies to minimize disruptions in CVD care and
improve patient outcomes.

Our results demonstrate a negative impact of the COVID-19 pan-
demic on CVD care. A remaining question includes the long-term
consequences of delayed CVD treatment during the pandemic. Eval-
uating the long-term health and economic impact of the pandemic
on CVD care now could help policymakers develop appropriate
responses to prevent or minimize the consequences.

Supplementary material

Supplementary material is available at European Heart Journal—
Quality of Care and Clinical Outcomes online.

Acknowledgments

Y.K.and L.C. contributed to the title and abstract, full-text, reference
list screening, and the quality assessment. NSP assisted the creation
of the search strategy and its finalization with content experts. Y.K.
drafted the manuscript. N.V. and D.D.S. contributed to drafting the
manuscript. NV, B.D,, S.G,, N.S.P, Lv.d.B,, and D.D.S. contributed for
critical revision of the manuscript for important intellectual content.
All authors approved the final version of the manuscript for submis-
sion and agreed to be accountable for all aspects of the work.

Funding

We acknowledge that the HELICON project received the grant (number:
B2/202/P3/HELICON) by the Belgian Science Policy Office within the
BRAIN-be 2.0 framework supporting pillar 3 Federal societal challenges.
The grant was awarded to co-author B.D.

Data availability

No new data were generated or analysed in support of this research.

Conflict of interest: None declared.



12

Y. Khan et al.

References

1.

9.

20.

21.

22.

WHO. Cardiovascular diseases (CVDs). 2021 [Cited 1 October 2022].
Available from: https://www.who.int/news-room/fact-sheets/detail/cardiovascular-
diseases- (cvds)#:~:text=Cardiovascular%20diseases%20(CVDs)%20are%20the,
9%2D%20and%20middle%2Dincome%20countries.

. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM et al.

Global burden of cardiovascular diseases and risk factors, 1990-2019: update from
the GBD 2019 study. | Am Coll Cardiol 2020;76:2982-3021.

. Abdin A, Anker SD, Butler J, Coats AJS, Kindermann |, Lainscak M et al. ‘Time is

prognosis’ in heart failure: time-to-treatment initiation as a modifiable risk factor.
ESC Heart Fail 2021;8:4444-4453.

. WHO. COVID-19 has caused major disruptions and backlogs in health care, new

WHO study finds. 2022 [Cited 5 October 2022]. Available from: https://www.
who.int/europe/news/item/20-07-2022-covid- 19- has- caused- major-disruptions-
and-backlogs-in-health- care—new-who-study-finds.

. Banharak S, Prasankok C, Lach HW. Factors related to a delay in seeking treatment

for acute myocardial infarction in older adults: an integrative review. Pac Rim Int |
Nurs Res 2020;24:553-568.

. Kwok CS, Burke H, McDermott S, Welsh V, Barker D, Patwala A et al. Missed

opportunities in the diagnosis of heart failure: evaluation of pathways to determine
sources of delay to specialist evaluation. Curr Heart Fail Rep 2022;19:247-253.

. Geiger |, Reber KC, Darius H, Holzgreve A, Karmann S, Liersch S et al. Improving

care coordination for patients with cardiac disease: study protocol of the ran-
domised controlled new healthcare programme (Cardiolotse). Contemp Clin Trials
2021;103:106297.

. Riera R, Bagattini AM, Pacheco RL, Pachito DV, Roitberg F, llbawi A. Delays and

disruptions in cancer health care due to COVID-19 pandemic: systematic review.
JCO Glob Oncol 2021;7:311-323.

Higgins JPT, Cochrane Collaboration, ed. Cochrane Handbook for Systematic Reviews
of Interventions. 2nd ed. Hoboken, NJ: Wiley-Blackwell; 2020. (Cochrane book
series).

. Kmet LM, Cook LS, Lee RC. ERA. 2004 Standard Quality Assessment Crite-

ria for Evaluating Primary Research Papers from a Variety of Fields. [Accessed:
19 August 2022]. Available from: https://era.library.ualberta.ca/items/48b9b989-
€221-4df6-9e35-af782082280e

. Aldujeli A, Hamadeh A, Briedis K, Tecson KM, Rutland J, Krivickas Z et al. Delays

in presentation in patients with acute myocardial infarction during the COVID-19
pandemic. Cardiol Res 2020;11:386—391.

. Budrys P, Lizaitis M, Cerlinskaite-Bajore K, Bajoras V, Rodevic G, Martinonyte A

et al. Increase of myocardial ischaemia time and short-term prognosis of patients
with acute myocardial infarction during the first COVID-19 pandemic wave. Medicina
2021;57:1296.

. Calvdo J, Amador AF, da Costa CM, Aratjo PM, Pinho T, Freitas | et al. The impact

of the COVID-19 pandemic on acute coronary syndrome admissions to a tertiary
care hospital in Portugal. Rev Port Cardiol 2022;41:147-152.

. 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 results
from italian real-world coronavirus disease 2019. | Am Heart Assoc 2020;9:¢017126.
Available from: https://www.embase.com/search/results’subaction=viewrecord&id=
L2007018062&from=export

. Campo G, Fortuna D, Berti E, De Palma R, Pasquale GD, Galvani M et al. In- and out-

of-hospital mortality for myocardial infarction during the first wave of the COVID-19
pandemic in Emilia-Romagna, Italy: a population-based observational study. Lancet
Reg Health—Eur 2021;3:100055.

. Claeys M, Argacha JF, Collart P, Carlier M, Van Caenegem O, 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 2020;76:1-7.

. De Rosa S, Spaccarotella C, Basso C, Calabro MP, Curcio A, Filardi PP et al.

Reduction of hospitalizations for myocardial infarction in Italy in the COVID-19
era. Eur Heart | 2020;41:2083-2088.

. Fabris E, Bessi R, De Bellis A, Gregorio C, Peratoner A, Lardieri G et al. COVID-

19 impact on ST-elevation myocardial infarction incidence rate in a Italian STEMI
network: a U-shaped curve phenomenon. | Cardiovasc Med 2021;22:344-349.

. Fileti L, Vecchio S, Moretti C, Reggi A, Aquilina M, Balducelli M et al. Impact of the

COVID-19 pandemic on coronary invasive procedures at two Italian high-volume
referral centers. | Cardiovasc Med 2020;21:869-873.

Grave C, Gabet A, Puymirat E, Empana JP, Tuppin P, Danchin N et al. Myocardial
infarction throughout 1 year of the COVID-19 pandemic: french nationwide study
of hospitalization rates, prognosis and 90-day mortality rates. Arch Cardiovasc Dis
2021;114:768-780.

Hodas R, Benedek I, Rat N, Kovacs I, Chitu M, Benedek T. Impact of COVID-19
pandemic on STEMI networks in Central Romania. Life 2021;11:1004.

Lantelme P, Couray Targe S, Metral P, Bochaton T, Ranc S, Le Bourhis Zaimi M
et al. Worrying decrease in hospital admissions for myocardial infarction during the
COVID-19 pandemic. Arch Cardiovasc Dis 2020;113:443-447.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

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 North Am Ed 2020;396:381-389.

Matsushita K, Ding N, Kou M, Hu X, Chen M, Gao Y et al The rela-
tionship of COVID-19 severity with cardiovascular disease and its traditional
risk factors: a systematic review and meta-analysis. Glob Heart 2020;15:64.
Available from: https://www.embase.com/search/results’subaction=viewrecord&id=
L2008426475&from=export.

Mesnier J, Cottin Y, Coste P, Ferrari E, Schiele F, Lemesle G et al. Hospital admissions
for acute myocardial infarction before and after lockdown according to regional
prevalence of COVID-19 and patient profile in France: a registry study. Lancet Public
Health 2020;5:e536—e542.

Mohammad MA, Koul S, Olivecrona GK, Gétberg M, Tydén P, Rydberg E et al.
Incidence and outcome of myocardial infarction treated with percutaneous coronary
intervention during COVID-19 pandemic. Heart 2020;106:1812-1818.

Papafaklis Ml, Katsouras CS, Tsigkas G, Toutouzas K, Davlouros P, Hahalis GN et al.
‘Missing’ acute coronary syndrome hospitalizations during the COVID-19 era in
Greece: medical care avoidance combined with a true reduction in incidence? Clin
Cardiol 2020;43:1142-1149.

Perera S, Rathore S, Shannon |, Clarkson P, Faircloth M, Achan V. Effect of the
COVID-19 pandemic on ST-elevation myocardial infarction presentation and sur-
vival. Br | Cardiol 2022;29:4.

Petrovi¢ M, Milovancev A, Kovacevi¢ M, Miljkovi¢ T, lli¢ A, Stojsi¢-Milosavljevic A
et al. Impact of COVID-19 outbreak on hospital admissions and outcome of acute
coronary syndromes in a single high-volume centre in southeastern Europe. Neth
Heart | Mon | Neth Soc Cardiol Neth Heart Found 2021;29:230-236.

Primessnig U, Pieske BM, Sherif M. Increased mortality and worse cardiac outcome
of acute myocardial infarction during the early COVID-19 pandemic. ESC Heart Fail
2021;8:333-343.

Reinstadler SJ, Reindl M, Lechner |, Holzknecht M, Tiller C, Roithinger FX et al.
Effect of the COVID-19 pandemic on treatment delays in patients with st-segment
elevation myocardial infarction. J Clin Med 2020;9:1-10.

Rodriguez-Leor O, Cid-Alvarez B. ST-segment elevation myocardial infarction
care during COVID-19: losing sight of the forest for the trees. JACC Case Rep
2020;2:1625-1627.

Ruparelia N, Panoulas V. The missing acute coronary syndromes in the
COVID-19 era. Ther Adv Cardiovasc Dis 2020;14:1753944720977732. Available
from: https://www.embase.com/search/results’subaction=viewrecord&id=
L2007509141&from=export

Simoni L, Alimehmeti |, Ceka A, Tafaj E, Gina M, Dibra A et al. Admissions and
in-hospital outcomes of acute coronary syndromes during corona virus disease 19
pandemic in albania. Open Access Maced | Med Sci 2021;9:593-599.

Simoni L, Alimehmeti |, Gina M, Ceka A, Tafaj E, Dibra A et al. Hospitalizations
and in-hospital outcomes in patients with ST-elevation myocardial infarction during
the coronavirus disease 2019 pandemic: the Albanian experience. Anatol | Cardiol
2022;26:118-126.

Skoda R, Filép G, Csulak E, Danics K, Téré K, Bokor L et al. The secondary effect
of the first wave of COVID-19 and its consequences on myocardial infarction care
in a high volume Hungarian cardiovascular centre. Cor Vasa 2021;63:345-349.
Tomasoni D, Adamo M, ltalia L, Branca L, Chizzola G, Fiorina C et al. Impact of
COVID-2019 outbreak on prevalence, clinical presentation and outcomes of ST-
elevation myocardial infarction. | Cardiovasc Med 2020;21:874-881.

Vacanti G, Bramlage P, Schymik G, Schmitt C, Luik A, Swojanowsky P et al. Reduced
rate of admissions for acute coronary syndromes during the COVID-19 pandemic:
an observational analysis from a tertiary hospital in Germany. Herz 2020;45:663—
667.

Van Belle E, Manigold T, Piérache A, Furber A, Debry N, Luycx-Bore A et al.
Myocardial Infarction incidence during national lockdown in two French provinces
unevenly affected by COVID-19 outbreak: an observational study. Lancet Reg Health
Eur 2021;2:100030.

Wau |, Mamas M, Rashid M, Weston C, Hains ], Luescher T et al. Patient response,
treatments, and mortality for acute myocardial infarction during the COVID-19
pandemic. Eur Heart | Qual Care Clin Outcomes 2021;7:238-246.

Zeymer U, Ahmadli V, Schneider S, Werdan K, Weber M, Hohenstein S et al. Effects
of the COVID-19 pandemic on acute coronary syndromes in Germany during the
first wave: the COVID-19 collateral damage study. Clin Res Cardiol Off | Ger Card Soc
2022;112:1-11.

Bugger H, Gollmer ], Pregartner G, Wunsch G, Berghold A, Zirlik A et al.
Complications and mortality of cardiovascular emergency admissions dur-
ing COVID-19 associated restrictive measures. PLoS One 2020;15:¢0239801.
Available from: https://www.embase.com/search/results’subaction=viewrecord&id=
L2007965938&from=export

Cedrone F, Di Martino G, Di Giovanni P, Greco E, Trebbi E, Romano F et al.
Reduction in hospital admissions for cardiovascular diseases (CVDs) during the
coronavirus disease 2019 (COVID-19) pandemic: a retrospective study from a
southern italian region in the year 2020. Healthcare 2022;10:871.



The impact of the COVID-19 pandemic on delayed care of cardiovascular diseases

13

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Katsouras C, Karapanayiotides T, Papafaklis M, Giannopoulos S, Ziakas A, Sianos G
et al. Greater decline of acute stroke admissions compared with acute coronary syn-
dromes during COVID-19 outbreak in Greece: cerebro/cardiovascular implications
amidst a second wave surge. Eur | Neurol 2021;28:3452-3455.

Oikonomou E, Aznaouridis K, Barbetseas ], Charalambous G, Gastouniotis |,
Fotopoulos V et al. Hospital attendance and admission trends for cardiac dis-
eases during the COVID-19 outbreak and lockdown in Greece. Public Health
2020;187:115-119.

Olié V, Carcaillon-Bentata L, Thiam MM, Haeghebaert S, Caserio-Schénemann C.
Emergency department admissions for myocardial infarction and stroke in France
during the first wave of the COVID-19 pandemic: national temporal trends and
regional disparities. Arch Cardiovasc Dis 2021;114:371-380.

Rattka M, Winsauer C, Stuhler L, Thiessen K, Baumhardt M, Stephan T et al.
Outcomes of patients with ST-segment myocardial infarction admitted during the
COVID-19 pandemic: a prospective, observational study from a tertiary care center
in Germany. Herz 2022;47:258-264.

Schwarz V, Mahfoud F, Lauder L, Reith W, Behnke S, Smola S et al Decline
of emergency admissions for cardiovascular and cerebrovascular events after the
outbreak of COVID-19. Clin Res Cardiol Off | Ger Card Soc 2020;109:1500—
1506.

Seiffert M, Brunner FJ, Remmel M, Thomalla G, Marschall U, L'Hoest H et al. Tem-
poral trends in the presentation of cardiovascular and cerebrovascular emergencies
during the COVID-19 pandemic in Germany: an analysis of health insurance claims.
Clin Res Cardiol Off | Ger Card Soc 2020;109:1540-1548.

Tanislav C, Jacob L, Kostev K. Consultations decline for stroke, transient ischaemic
attack, and myocardial infarction during the COVID-19 pandemic in Germany.
Neuroepidemiology 2021;55:70-78.

Toniolo M, Negri F, Antonutti M, Masé M, Facchin D. Unpredictable fall of se-
vere emergent cardiovascular diseases hospital admissions during the COVID-19
Pandemic: experience of a single large center in Northern Italy. | Am Heart Assoc
2020;9:e017122.

Uimonen M, Ponkilainen V, Kuitunen |, Eskola M, Mattila VM. Emergency department
visits due to coronary artery disease during COVID-19 in Finland: a register-based
study. Scand | Public Health 2022;50:117-123.

Velek P, Splinter MJ, lkram MK, Ikram MA, Leening MG, van der Lei ] et al. Changes
in the diagnosis of stroke and cardiovascular conditions in primary care during the
first 2 COVID-19 waves in the Netherlands. Neurology 2022;98:e564—e572.

Wang SY, Seghieri C, Vainieri M, Groene O. Changes in acute myocardial infarction,
stroke, and heart failure hospitalizations during COVID-19 pandemic in Tuscany—an
interrupted time series study. Int | Public Health 2022;67:1604319.

Azul Freitas A Baptista R, Gongalves V, Ferreira C, Milner |, Lourengo C et al.
Impact of SARS-CoV-2 pandemic on ST-elevation myocardial infarction admissions
and outcomes in a Portuguese primary percutaneous coronary intervention center:
preliminary Data. Rev Port Cardiol 2021;40:465-471.

Trabattoni D, Ravagnani PM, Merlino L, Montorsi P, Bartorelli AL. The bimodal ‘rise
and fall” ACS curve overlapping COVID-19 pandemic peaks. Am | Cardiovasc Dis
2021;11:295-299.

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 Br Card Soc 2020;106:1805-1811.

AndreB S, Stephan T, Felbel D, Mack A, Baumhardt M, Kersten | et al. Deferral of
non-emergency cardiac procedures is associated with increased early emergency
cardiovascular hospitalizations. Clin Res Cardiol Off | Ger Card Soc 2022;111:1121—
1129.

Kwok CS, Gale CP, Curzen N, de Belder MA, Ludman P, Luscher TF et al. Impact
of the COVID-19 pandemic on percutaneous coronary intervention in England:
insights from the British cardiovascular intervention society PCl database cohort.
Circ Cardiovasc Interv 2020;13:€009654.

Abdelaziz HK, Abdelrahman A, Nabi A, Debski M, Mentias A, Choudhury T et al.
Impact of COVID-19 pandemic on patients with ST-segment elevation myocardial
infarction: insights from a British cardiac center. Am Heart | 2020;,226:45-48.
Byrne L, Gardiner R, Devitt P, Powell C, Armstrong R, Teehan S et al. Review of
Irish patients meeting ST elevation criteria during the COVID-19 pandemic. Open
Heart 2021;8:e001716.

Gramegna M, Baldetti L, Beneduce A, Pannone L, Falasconi G, Calvo F et al.
ST-segment—elevation myocardial infarction during COVID-19 pandemic. Circ Car-
diovasc Interv 2020;13:E009413.

Perrin N, Iglesias JF, Rey F, Benzakour L, Cimci M, Noble S et al. Impact of the
COVID-19 pandemic on acute coronary syndromes. Swiss Med Wkly 2020;150:5153
. Available from: https://smw.ch/article/doi/smw.2020.20448

Rangé G, Hakim R, Beygui F, Angoulvant D, Marcollet P, Godin M et al. Incidence,
delays, and outcomes of STEMI during COVID-19 outbreak: analysis from the France
PCl registry. | Am Coll Emerg Phys Open 2020;1:1168-1176.

Tousek P, Kocka V, Masek P, Tuma P, Neuberg M, Novackova M et al. Modified
strategies for invasive management of acute coronary syndrome during the COVID-
19 pandemic. J Clin Med 2021;10:24.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Secco GG, Zocchi C, Parisi R, Roveta A, Mirabella F, Vercellino M et al. Decrease and
delay in hospitalization for acute coronary syndromes during the 2020 SARS-CoV-2
pandemic. Can J Cardiol 2020;36:1152-1155.

Sturkenboom HN, van Hattem VE, Nieuwland W, Paris FMA, Magro M, Anthonio
RL et al. COVID-19-mediated patient delay caused increased total ischaemic time
in ST-segment elevation myocardial infarction. Neth Heart | Mon | Neth Soc Cardiol
Neth Heart Found 2022;30:96—105.

De Luca G, Verdoia M, Cercek M, Jensen LO, Vavlukis M, Calmac L et al. Impact of
COVID-19 pandemic on mechanical reperfusion for patients with STEMI. ] Am Coll
Cardiol 2020;76:2321-2330.

Frain K, Rathod KS, Tumi E, Chen Y, Hamshere S, Choudry F et al. The impact
of the COVID-19 pandemic on the delivery of primary percutaneous coronary
intervention in STEMI. Am | Cardiovasc Dis 2021;11:647-658.

Chen Y, Rathod KS, Hamshere S, Choudry F, Akhtar MM, Curtis M et al. COVID-19
and changes in activity and treatment of ST elevation Ml from a UK cardiac centre.
IJC Heart Vasc 2021;33:100736.

Nef HM, Elsdsser A, Mollmann H, Abdel-Hadi M, Bauer T, Briick M et al. Impact
of the COVID-19 pandemic on cardiovascular mortality and catherization activity
during the lockdown in central Germany: an observational study. Clin Res Cardiol Off
J Ger Card Soc 2021;110:292-301.

Ullah A, Fraser DGW, Fath-Ordoubadi F, Holt C, Malik N. Decrease in cardiac
catheterization and Ml during COVID pandemic. Am Heart | Plus Cardiol Res Pract
2021;1:100001.

Oliveira L, Campante Teles R, Machado C, Madeira S, Vale N, Almeida C et al. Wor-
risome trends of ST-elevation myocardial infarction during the Covid-19 pandemic:
data from Portuguese centers. Rev Port Cardiol Orgao Of Soc Port Cardiol Port | Cardiol
Off | Port Soc Cardiol 2022;41:465-471.

Altersberger VL, Stolze LJ, Heldner MR, Henon H, Martinez-Majander N, Hametner
C et al. Maintenance of acute stroke care service during the COVID-19 pandemic
lockdown. Stroke 2021;52:1693-1701.

Balestrino M, Coccia A, Boffa AS, Furgani A, Bermano F, Finocchi C et al. Re-
quest of hospital care dropped for TIA but remained stable for stroke during
COVID-19 pandemic at a large Italian university hospital. Intern Emerg Med 2021;16:
735-739.

Benali F, Stolze L), Rozeman AD, Dinkelaar W, Coutinho JM, Emmer BJ et al. Impact
of the lockdown on acute stroke treatments during the first surge of the COVID-19
outbreak in the Netherlands. BMC Neurol 2022;22:22.

Candelaresi P, Manzo V, Servillo G, Muto M, Barone P, Napoletano R et al. The
impact of Covid-19 lockdown on stroke admissions and treatments in Campania.
J Stroke Cerebrovasc Dis 2021;30:105448.

Carson L, Kui C, Smith G, Dixit AK. The Effect of the 2019 novel coronavirus
pandemic on stroke and TIA patient admissions: perspectives and risk factors.
J Clin Med 2021;10:1357.

Chmiela T, Rzepka M, Kuca M, Serwonska K, Laskowski M, Koperczak A
et al. Intravenous thrombolysis for acute ischaemic stroke during the COVID-19
pandemic—Polish single-center retrospective cohort study. Life 2022;12:1068.
D’Anna L, Brown M, Oishi S, Ellis N, Brown Z, Bentley P et al. Impact of national lock-
down on the hyperacute stroke care and rapid transient ischaemic attack outpatient
service in a comprehensive tertiary stroke centre during the COVID-19 pandemic.
Front Neurol 2021;12:627493. Available from: https://www.frontiersin.org/articles/
10.3389/fneur.2021.627493

De Marchis GM, Wright PR, Michel P, Strambo D, Carrera E, Dirren E et al.
Association of the COVID-19 outbreak with acute stroke care in Switzerland. Eur |
Neurol 2022;29:724-731.

Dengler |, Prass K, Palm F, Hohenstein S, Pellisier V, Stoffel M et al. Changes in
nationwide in-hospital stroke care during the first four waves of COVID-19 in
Germany. Eur Stroke | 2022;7:166-174.

Drenck N, Grundtvig ], Christensen T, Iversen HK, Kruuse C, Truelsen T et al. Stroke
admissions and revascularization treatments in Denmark during COVID-19. Acta
Neurol Scand 2022;145:160-170.

Douiri A, Muruet W, Bhalla A, James M, Paley L, Stanley K et al. Stroke care in the
United Kingdom during the COVID-19 pandemic. Stroke 2021;52:2125-2133.
Gabet A, Grave C, Tuppin P, Chatignoux E, Béjot Y, Olié V. Impact of the COVID-19
pandemic and a national lockdown on hospitalizations for stroke and related 30-day
mortality in France: a nationwide observational study. Eur | Neurol 2021;28:3279—
3288.

Gattringer T, Fandler-Hofler S, Kneihsl M, Hofer E, Kéle W, Schmidt R et al.
Hospital admissions of acute cerebrovascular diseases during and after the first
wave of the COVID-19 pandemic: a state-wide experience from Austria. | Neurol
2021;268:3584-3588.

Gdovinova Z, Vitkova M, Barakova A, Cvopova A. The impact of the COVID-19
outbreak on acute stroke care in Slovakia: data from across the country. Eur | Neurol
2021;28:3263-3266.

Hoyer C, Ebert A, Huttner HB, Puetz V, Kallmiinzer B, Barlinn K et al. Acute stroke
in times of the COVID-19 pandemic: a multicenter study. Stroke 2020;51:2224—
2227.



14

Y. Khan et al.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

Kerleroux B, Fabacher T, Bricout N, Moise M, Testud B, Vingadassalom S et al.
Mechanical thrombectomy for acute ischaemic stroke amid the COVID-19 outbreak
decreased activity, and increased care delays. Stroke 2020;51:212-217.
Kristoffersen ES, Jahr SH, Faiz KW, Thommessen B, Renning OM. Stroke admission
rates before, during and after the first phase of the COVID-19 pandemic. Neurol Sci
Off J Ital Neurol Soc Ital Soc Clin Neurophysiol 2021;42:791-798.

Kristoffersen ES, Jahr SH, Thommessen B, Renning OM. Effect of COVID-19 pan-
demic on stroke admission rates in a Norwegian population. Acta Neurol Scand
2020;142:632-636.

Kwan J, Brown M, Bentley P, Brown Z, D’Anna L, Hall C et al. Impact of COVID-
19 Pandemic on a Regional Stroke Thrombectomy Service in the United Kingdom.
Cerebrovasc Dis 2021;50:178-184.

Manganotti P, Naccarato M, Scali I, Cappellari M, Bonetti B, Burlina A et al. Stroke
management during the coronavirus disease 2019 (COVID-19) pandemic: experi-
ence from three regions of the north east of Italy (Veneto, Friuli-Venezia-Giulia,
Trentino-Alto-Adige). Neurol Sci 2021;42:4599-4606.

Padmanabhan N, Natarajan |, Gunston R, Raseta M, Roffe C. Impact of COVID-19
on stroke admissions, treatments, and outcomes at a comprehensive stroke centre
in the United Kingdom. Neurol Sci 2021;42:15-20.

Padroni M, Laudisi M, Azzini C, De Vito A, Casetta |. Stroke admissions during the
COVID-19 pandemic: a single-center retrospective analysis. Neurol Sci Off | Ital Neurol
Soc Ital Soc Clin Neurophysiol 2022;43:5169-5174.

Paolucci M, Biguzzi S, Cordici F, Lotti EM, Morresi S, Romoli M et al. Impact of
COVID-19 pandemic on acute stroke care: facing an epidemiological paradox with
a paradigm shift. Neurol Sci 2021;42:399-406.

Pero G, Déria HM, Giavarini M, Quilici L, Cervo A, Macera A et al. Impact of
the SARS-COV-2 pandemic on the endovascular treatment of acute stroke—an
italian single-center experience. | Stroke Cerebrovasc Dis Off | Natl Stroke Assoc
2021;30:106028.

Plumereau C, Cho TH, Buisson M, Amaz C, Cappucci M, Derex L et al. Effect of
the COVID-19 pandemic on acute stroke reperfusion therapy: data from the Lyon
Stroke Center Network. | Neurol 2021;268:2314-2319.

Poljakovi¢ Z, Bedekovi¢ MR, éaljkuéié K, Matijaca M, Pintari¢ |, Vuleti¢ V et al.
Acute stroke treatment during COVID-19 pandemic ‘lockdown’ period—Croatian
experience. Period Biol 2021;123:99-102.

Pop R, Quenardelle V, Hasiu A, Mihoc D, Sellal F, Dugay MH et al. Impact of the
COVID-19 outbreak on acute stroke pathways—insights from the Alsace region in
France. Eur | Neurol 2020;27:1783-1787.

Raymaekers V, Demeestere ], Bellante F, De Blauwe S, De Raedt S, Dusart A
et al. The impact of COVID-19 on acute stroke care in Belgium. Acta Neurol Belg
2021;121:1251-1258.

Risser C, Tran Ba Loc P, Binder-Foucard F, Fabacher T, Lefévre H, Sauvage
C et al. COVID-19 impact on stroke admissions during France’s first epidemic
peak: an exhaustive, nationwide, observational study. Cerebrovasc Dis Basel Switz
2022;51:663-669.

Richter D, Eyding J, Weber R, Bartig D, Grau A, Hacke W et al. Analysis of
nationwide stroke patient care in times of COVID-19 pandemic in Germany. Stroke
2021;52:716-721.

Rodrigues M, Grunho M, Rachdo A, Silva E, Cordeiro A, Guilherme M et al. The
impact of COVID-19 pandemic in stroke code activation and time from symptom
onset to hospital arrival in a Portuguese comprehensive stroke centre. Rev Neurol
2021;73:89-95.

Rinkel LA, Prick JCM, Slot RER, Sombroek NMA, Burggraaff |, Groot AE et al. Impact
of the COVID-19 outbreak on acute stroke care. | Neurol [Internet]. 2020;268:403—
408. Available from: http://link.springer.com/10.1007/s00415-020-10069-1
Rudilosso S, Laredo C, Vera V, Vargas M, Rent A, Llull L et al. Acute stroke care
is at risk in the era of COVID-19: experience at a comprehensive stroke center in
Barcelona. Stroke 2020;51:1991-1995.

Sacco §, Ricci S, Ornello R, Eusebi P, Petraglia L, Toni D. Reduced admissions for
cerebrovascular events during COVID-19 outbreak in Italy. Stroke 2020;51:3746—
3750.

Simonsen CZ, Blauenfeldt RA, Hedegaard JN, Kruuse C, Gaist D, Wienecke T
et al. COVID-19 did not result in increased hospitalization for stroke and transient
ischaemic attack: a nationwide study. Eur | Neurol 2022;29:2269-2274.
Tsalta-Mladenov ME, Nikolay PK, Georgieva DK, Andonova SP. Influence of the
COVID-19 pandemic on acute stroke care. Experience of a comprehensive stroke
center in Bulgaria. Neurol Asia 2021;26:9-13.

Tejada Meza H, Lambea Gil A, Sancho Saldafia A, Villar Yus C, Pardifias Barén B,
Sagarra Mur D et al. Ischaemic stroke in the time of coronavirus disease 2019. Eur |
Neurol 2020;,27:1788-1792.

Tejada Meza H, Lambea Gil A, Sancho Saldafia A, Martinez-Zabaleta M, Garmendia
Lopetegui E, Lopez-Cancio Martinez E et al. Impact of COVID-19 outbreak in
reperfusion therapies of acute ischaemic stroke in northwest Spain. Eur | Neu-
rol 2020;27:2491-2498. Available from: https://www.embase.com/search/results?
subaction=viewrecord&id=L2006069356&from=export

112

113

114,

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131,

132.

Tejada Meza H, Lambea Gil A, Saldafia AS, Martinez-Zabaleta M, Juez PdIR, Martinez
ELC et al. Impact of COVID-19 outbreak on ischaemic stroke admissions and in-
hospital mortality in North-West Spain. Int | Stroke Off | Int Stroke Soc 2020;15:755—
762.

Mag Uidhir F, Bathula R, Sivagnanaratnam A, Abdul-Saheb M, Devine ], Cohen DL.
Impact of COVID-19 on stroke caseload in a major hyperacute stroke unit. | Stroke
Cerebrovasc Dis Off | Natl Stroke Assoc 2020;29:105383.

Uphaus T, Gréschel S, Hayani E, Hahn M, Steffen F, Gréschel K. Stroke care within
the COVID-19 pandemic—increasing awareness of transient and mild stroke symp-
toms needed. Front Neurol 2020;11:581394. Available from: https://www.frontiersin.
org/articles/10.3389/fneur.2020.581394

Velilla-Alonso G, Garcia-Pastor A, Rodriguez-Lopez A, Gomez-Roldds A, Sanchez-
Soblechero A, Amaya-Pascasio L et al. Acute stroke care during the COVID-19
pandemic: reduction in the number of admissions of elderly patients and increase in
prehospital delays. Cerebrovasc Dis 2021;50:310-316.

Zini A, Romoli M, Gentile M, Migliaccio L, Picoco C, Dell’Arciprete O et al. The stroke
mothership model survived during COVID-19 era: an observational single-center
study in Emilia-Romagna, Italy. Neurol Sci Off | Ital Neurol Soc Ital Soc Clin Neurophysiol
2020;41:3395-3399.

Varrasi C, Fleetwood T, De Marchi F, Vecchio D, Virgilio E, Castello LM et al.
Neurological emergency at the COVID-19 pandemic: report from a referral hospital
in Eastern Piedmont, Italy. Neurol Sci Off | Ital Neurol Soc Ital Soc Clin Neurophysiol
2022;43:2195-2201.

Ball S, Banerjee A, Berry C, Boyle JR, Bray B, Bradlow W et al. Monitoring indirect
impact of COVID-19 pandemic on services for cardiovascular diseases in the UK.
Heart 2020;106:1890-1897.

Theofanopoulos A, Fermeli D, Boulieris S, Kalantzis G, Kefalopoulou Z, Pana-
giotopoulos V et al. Effects of COVID-19 on the admissions of aneurysmal
subarachnoid hemorrhage: the West Greece experience. Neurol Sci Off J Ital Neurol
Soc Ital Soc Clin Neurophysiol 2021,42:2167-2172.

Bromage DI, Cannata A, Rind IA, Gregorio C, Piper S, Shah AM et al. The impact of
COVID-19 on heart failure hospitalization and management: report from a Heart
Failure Unit in London during the peak of the pandemic. Eur | Heart Fail 2020;22:978—
984.

Andersson C, Gerds T, Fosbel E, Phelps M, Andersen J, Lamberts M et al. Incidence
of new-onset and worsening heart failure before and after the COVID-19 epidemic
lockdown in Denmark. Circ Heart Fail 2020;13:e007274.

Cannata A, Bromage DI, Rind IA, Gregorio C, Bannister C, Albarjas M et al. Temporal
trends in decompensated heart failure and outcomes during COVID-19: a multisite
report from heart failure referral centres in London. Eur | Heart Fail 2020;22:2219—
2224.

Konig S, Hohenstein S, Meier-Hellmann A, Kuhlen R, Hindricks G, Bollmann A
et al. In-hospital care in acute heart failure during the COVID-19 pandemic: in-
sights from the German-wide Helios hospital network. Eur | Heart Fail 2020;22:
2190-2201.

Kubica J, Ostrowska M, Stolarek W, Kasprzak M, Grzelakowska K, Krys | et al.
Impact of COVID-19 pandemic on acute heart failure admissions and mortality:
a multicentre study (COV-HF-SIRIO 6 study). ESC Heart Fail 2022;9:721-728.
Shoaib A, Van Spall HGC, Wu |, Cleland JGF, McDonagh TA, Rashid M et al.
Substantial decline in hospital admissions for heart failure accompanied by increased
community mortality during COVID-19 pandemic. Eur Heart | Qual Care Clin Out-
comes 2021;7:378-387.

Bromage D, Mayhew ], Sado D. Managing heart failure related peripheral oedema in
primary care. The BMJ 2020;369:m2099. Available from: https://www.embase.com/
search/results?subaction=viewrecord&id=L632115160&from=export

Edwards JM, Nolan JP, Soar J, Smith GB, Reynolds E, Carnall ] et al. Impact of
the COVID-19 pandemic on in-hospital cardiac arrests in the UK. Resuscitation
2022;173:4-11.

Marijon E, Karam N, Jost D, Perrot D, Frattini B, Derkenne C et al. Out-of-hospital
cardiac arrest during the COVID-19 pandemic in Paris, France: a population-based,
observational study. Lancet Public Health 2020;5:e437—e443.

Rashid M, Gale CP, Curzen N, Ludman P, De Belder M, Timmis A et al. Impact
of coronavirus disease 2019 pandemic on the incidence and management of out-
of-hospital cardiac arrest in patients presenting with acute myocardial infarction in
England. | Am Heart Assoc 2020;9:e018379.

Roed! K, Soffker G, Fischer D, Miiller J, Westermann D, Issleib M et al. Effects
of COVID-19 on in-hospital cardiac arrest: incidence, causes, and outcome—a
retrospective cohort study. Scand | Trauma Resusc Emerg Med 2021;29:30.

Rattka M, Baumhardt M, Dreyhaupt J, Rothenbacher D, Thiessen K, Markovic S et al.
31 days of COVID-19-cardiac events during restriction of public life-a comparative
study. Clin Res Cardiol Off | Ger Card Soc 2020;109:1476-1482.

Aquaro GD, Licordari R, Todiere G, lanni U, Dellegrotaglie S, Restivo L et al.
Incidence of acute myocarditis and pericarditis during the coronavirus disease 2019
pandemic: comparison with the prepandemic period. | Cardiovasc Med 2022;23:447—
453.



The impact of the COVID-19 pandemic on delayed care of cardiovascular diseases 15

133. Grande M, Bjgrnsen LP, Nass-Pleym LE, Laugsand LE, Grenne B. Observational
study on chest pain during the Covid-19 pandemic: changes and characteristics of
visits to a Norwegian emergency department during the lockdown. BMC Emerg Med

2022;22:57.

134. Holt A, Gislason GH, Schou M, Zareini B, Biering-Serensen T, Phelps M et al.
New-onset atrial fibrillation: incidence, characteristics, and related events following a
national COVID-19 lockdown of 5.6 million people. Eur Heart | 2020;41:3072-3079.

135. Martin GP, Curzen N, Goodwin AT, Nolan J, Balacumaraswami L, Ludman PF
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;14:010413.

136. Nopp S, Janata-Schwatczek K, Prosch H, Shulym |, Konigsbriigge O, Pabinger |
et al. Pulmonary embolism during the COVID-19 pandemic: decline in diagnos-
tic procedures and incidence at a university hospital. Res Pract Thromb Haemost

2020;4:835-841.

137. Tsioufis K, Chrysohoou C, Kariori M, Leontsinis |, Dalakouras |, Papanikolaou A
et al. The mystery of ‘missing’ visits in an emergency cardiology department, in the
era of COVID-19.; a time-series analysis in a tertiary Greek General Hospital. Clin
Res Cardiol 2020;109:1490. Available from: https://www.embase.com/search/results?

subaction=viewrecord&id=L2005164181&from=export

138. Toniolo M, Negri F, Antonutti M, Masé M, Facchin D. Unpredictable fall of se-
vere emergent cardiovascular diseases hospital admissions during the covid-19
pandemic: experience of a single large center in northern Italy. | Am Heart Assoc [In-
ternet]. 2020;9:¢017122. Available from: https://www.embase.com/search/results?

subaction=viewrecord&id=L2007018208&from=export

139. Gabet A, Grave C, Tuppin P, Emmerich J, Olié¢ V. Changes in the epidemiology
of patients hospitalized in France with deep venous thrombosis and pulmonary

embolism during the COVID-19 pandemic. Thromb Res 2021;207:67-74.

140. 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 | Qual Care

Clin Outcomes 2020;6:210-216.
141.

jary

2021;77:173-185.

142. Ueberham L, Kénig S, Pellissier V, Hohenstein S, Meier-Hellmann A, Kuhlen R et al.
Admission rates and care pathways in patients with atrial fibrillation during the
COVID-19 pandemic-insights from the German-wide Helios hospital network. Eur

Heart | Qual Care Clin Outcomes 2021;7:257-264.
14

w

pandemic in cardiology admissions. Med Clinica Engl Ed 2020;155:179-180.

144. Kiss P, Carcel C, Hockham C, Peters SAE. The impact of the COVID-19 pandemic on
the care and management of patients with acute cardiovascular disease: a systematic

review. Eur Heart |—Qual Care Clin Outcomes 2021;7:18-27.

145. Roth GA, Vaduganathan M, Mensah GA. Impact of the COVID-19 pandemic
on cardiovascular health in 2020: JACC state-of-the-art review. | Am Coll Cardiol

2022;80:631-640.

146. Bharmal M, DiGrande K, Patel A, Shavelle DM, Bosson N. Impact of Coron-
avirus Disease 2019 Pandemic on Cardiac Arrest and Emergency Care. Cardiol Clin

2022;40:355-364.

147. Holt-Lunstad J, Smith TB, Baker M, Harris T, Stephenson D. Loneliness and social
isolation as risk factors for mortality: a meta-analytic review. Perspect Psychol Sci |

Assoc Psychol Sci 2015;10:227-237.

148. Kim K, Yu J. Fear of COVID-19 and social distancing on the health behavior of

coronary heart disease patients. Appl Nurs Res 2023;69:151664.

149. Duffy E, Chilazi M, Cainzos-Achirica M, Michos ED. Cardiovascular disease pre-
vention during the COVID-19 pandemic: lessons learned and future opportunities.

Methodist DeBakey Cardiovasc | 2021;17:68-78.

150. Moslehi S, Barghi Shirazi F, Adibi Larijani H, Haj Ahmadi M. Challenges of providing
health services to cardiovascular patients during the COVID-19 pandemic in Iran.

J Health Adm 2022;24:95-104.
15

iy

2021. Trends Cardiovasc Med 2021;31:135-140.

Einstein A, Shaw LJ, Hirschfeld C, Williams MC, Villines TC, Better N et al. Inter-
national impact of COVID-19 on the diagnosis of heart disease. | Am Coll Cardiol

Negreira Caamafio M, Piqueras Flores ], Mateo Gémez C. Impact of COVID-19

. Jain V, Gupta K, Bhatia K, Bansal A, Arora S, Khandelwal AK et al. Management
of STEMI during the COVID-19 pandemic: lessons learned in 2020 to prepare for

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

Gu S, LiJ, Shen H, Dai Z, Bai Y, Zhang S et al. The impact of COVID-19 pandemic
on treatment delay and short-term neurological functional prognosis for acute is-
chaemic stroke during the lockdown period. Front Neurol 2022;13:998758. Available
from: https://www.frontiersin.org/articles/10.3389/fneur.2022.998758

Ibanez B, James S, Agewall S, Antunes M), Bucciarelli-Ducci C, Bueno H et al.
2017 ESC Guidelines for the management of acute myocardial infarction in patients
presenting with ST-segment elevation: the Task Force for the management of acute
myocardial infarction in patients presenting with ST-segment elevation of the Euro-
pean Society of Cardiology (ESC). Eur Heart | 2018;39:119-177.

Ivanovs R, Kivite A, Ziedonis D, Mintale |, Vrublevska ], Rancans E. Association of de-
pression and anxiety with cardiovascular co-morbidity in a primary care population
in Latvia: a cross-sectional study. BMC Public Health 2018;18:328.

Lee LO, Grimm K], Spiro A, Kubzansky LD. Neuroticism, worry, and car-
diometabolic risk trajectories: findings from a 40-year study of men. | Am Heart
Assoc 2022;11:022006.

Kamal N, Sheng S, Xian Y, Matsouaka R, Hill MD, Bhatt DL et al. Delays in door-
to-needle times and their impact on treatment time and outcomes in get with the
guidelines-stroke. Stroke 2017;48:946-954.

Siegler JE, Heslin ME, Thau L, Smith A, Jovin TG. Falling stroke rates
during COVID-19 pandemic at a comprehensive stroke center: cover title:
falling stroke rates during COVID-19. | Stroke Cerebrovasc Dis 2020;29:104953.
Available from: https://www.embase.com/search/results?subaction=viewrecord&id=
L2005963531&from=export

DeFilippis EM, Ranard LS, Berg DD. Cardiopulmonary resuscitation during the
COVID-19 pandemic. Circulation 2020;141:1833-1835.

Severino P, D’Amato A, Pucci M, Infusino F, Birtolo LI, Mariani MV et al. Is-
chaemic heart disease and heart failure: role of coronary ion channels. Int | Mol
Sci 2020;21:3167.

Powers W], Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker
K et al. Guidelines for the early management of patients with acute ischaemic
stroke: 2019 update to the 2018 Guidelines for the early management of acute
ischaemic stroke: a guideline for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke 2019;50:e344-e418.

Siegler JE, Zha AM, Czap AL, Ortega-Gutierrez S, Farooqui M, Liebeskind DS et al.
Influence of the COVID-19 pandemic on treatment times for acute ischaemic stroke.
Stroke 2021;52:40-47.

Vaduganathan M, van Meijgaard J, Mehra MR, Joseph J, O’'Donnell CJ, Warraich HJ.
Prescription fill patterns for commonly used drugs during the COVID-19 pandemic
in the United States. ] Am Med Assoc 2020;323:2524-2526.

Isath A, Malik A, Bandyopadhyay D, Goel A, Hajra A, Dhand A et al. COVID-19,
heart failure hospitalizations, and outcomes: a nationwide analysis. Curr Probl Cardiol
2023;48:101541.

Blecker S, Jones SA, Petrilli CM, Admon AJ, Weerahandi H, Francois F et al. Hospi-
talizations for chronic disease and acute conditions in the time of COVID-19. JAMA
Intern Med 2021;181:269-271.

Howlett NC, Wood RM. Modeling the recovery of elective waiting lists following
COVID-19: scenario projections for England. Value Health 2022;25:1805-1813.
Gyongyosi M, Alcaide P, Asselbergs FW, Brundel BJJM, Camici GG, Martins P da C
et al. Long COVID and the cardiovascular system—elucidating causes and cellular
mechanisms in order to develop targeted diagnostic and therapeutic strategies: a
joint Scientific Statement of the ESC Working Groups on Cellular Biology of the
Heart and Myocardial and Pericardial Diseases. Cardiovasc Res 2023;119:336-356.
Richter D, Guasti L, Koehler F, Squizzato A, Nistri S, Christodorescu R et al. Late
phase of COVID-19 pandemic in General Cardiology. A position paper of the ESC
Council for Cardiology Practice. ESC Heart Fail 2021;8:3483-3494.

The Task Force for the management of COVID-19 of the European Society of Cardi-
ology. European Society of Cardiology guidance for the diagnosis and management
of cardiovascular disease during the COVID-19 pandemic: part 1—epidemiology,
pathophysiology, and diagnosis. Eur Heart | 2022;43:1033-1058.

Jetin B. How will the COVID-19 pandemic affect the regions? A comparative
analysis of the EU and ASEAN? 2021 [Accessed: 2023 January 20]. Available from:
https://shs.hal.science/halshs-03171573

Jacobsen AP, Khiew YC, Duffy E, O'Connell J, Brown E, Auwaerter PG et al.
Climate change and the prevention of cardiovascular disease. Am | Prev Cardiol
2022;12:100391.

© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology.

All rights reserved. For permissions, please e-mail: journals.permissions@oup.com



	Key learning points
	Introduction
	Methods
	Search strategy and selection criteria
	Selection process
	Data extraction
	Synthesis of findings
	Quality assessment
	Results
	Study selection
	Study characteristics
	Synthesis of findings
	Quality assessment
	Discussion
	Supplementary material
	Acknowledgments
	Funding
	Data availability
	References

