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Aims 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. 

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

Met hods a nd 

results 
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, 
mort ality 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. 

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

Conclusion 

The pandemic led to reduced acute CVD hospital admissions and increased mort ality 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: 
� Cardiovascular diseases are a leading cause of death worldwide, and timely diagnosis and treatment are crucial in lowering the disease 
burden. 

� The coronavirus disease 2019 (COVID-19) pandemic has disturbed healthcare systems globally, leading to significant delays in the delivery 
of essential medical services, including CVD care. 

� 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 
medical care. 

What this study adds: 
� 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 , mort ality rates , delays in treatment initiation, and changes in 
cardiac procedures. 

� It also offers insights into the potential long-term effects of delayed CVD care during different waves of the pandemic, shedding light on 
the evolving impact of the pandemic on CVD management. 

� 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. 
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ardiovascular diseases (CVD) remain the number one cause of death
cross the globe. In 2019, about 17.9 million deaths worldwide were
ue to CVDs, representing 32% of all fat alities . 1 Furthermore, CVDs
lso significantly contribute to overall disability. Over the past three
ecades, the number of health life years lost due to CVD and years
pent living with disability caused by CVDs has doubled from 17.7
illion (95% confidence interval (CI): 12.9–22.5 million) to 34.4 million
95% CI: 24.9–43.6 million), as reflected by the dramatic increase in
lobal trends for disability-adjusted life years. 2 In addition to preven-
ive actions, timely diagnosis and treatment are essential to lower the
isease burden. 3 

The coronavirus disease 2019 (COVID-19) pandemic has disrupted
ealthcare systems worldwide and caused significant delays in the
elivery of essential medical services, including CVD care. 4 Delays in
VD treatment may be caused by patient delays in seeking timely
reatment due to insufficient symptom knowledge and/or symp-
om confusion, 5 faulty CVD care pathways, 6 or a lack of healthcare
oordination. 7 In March 2020, when Europe was experiencing signif-
cant outbreaks of COVID-19, there were changes in the availability
f medical care due to shifting healthcare priorities. This resulted in
ostponements and cancellations of elective procedures due to the
ncreased demand for medical care related to COVID-19. 4 Patients
ere also reluctant to seek for appropriate care because they were
fraid of contracting the virus and wanted to avoid straining the
ealthcare system. 8 While some studies have investigated the effects
f the COVID-19 pandemic on acute CVD care, a systematic review
valuating the impact of the pandemic on all CVD and cardiac proce-
ures in Europe is currently lacking. This knowledge gap highlights the
eed for further research to better understand the indirec t impac t of
he pandemic on delayed cardiovascular disease care. Therefore, the
im of this review is to study and summarize the potential impact of
he COVID-19 pandemic in Europe on delayed CVD care by providing
 systematic overview of the available evidence. 

ethods 

ea rc h st rategy a nd selection c riteria 

 systematic literature study was performed according the to the
ochrane Handbook for Systematic Reviews of Interventions’ methodol-
gy and compliant with preferred reporting items for systematic reviews
nd meta-analyses (PRISMA) guidelines, for which the checklist can be
ound in the supplementary material . 9 The protocol’s registration num-
er on PROSPERO is CRD42022354443 ( https://w w w.crd.york.ac.uk/
rospero/ ). 
Three electronic databases were searched up to mid-September

022: MEDLINE (through PubMed interface), Embase (through em-
ase.com interface), and Web of Science. The search strategy
 Supplementary material 1 ) consisted of four concepts: COVID-19, dis-
uption, care, and CVDs. Creation of the search strategy was assisted by
n information specialist (NSP) and further finalized with content experts.
 number of inclusion criteria were defined in advance based on our
esearch question and the identification of the PICO elements ( Table 1 ). 

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

at a ext raction 

fter relevant studies were included in the review, it became apparent that
ertain disease groups were recurring. Therefore, we classified the papers
nto the following categories: Ischaemic heart diseases (IHD), cerebrovas-
ular accidents (CVA), heart failure (HF), cardiac arrest (CA), and others
including studies reporting on multiple diseases and/cardiac procedures).
wo reviewers (Y.K. and L.C.) independently extracted (a) study design,
b) country, (c) setting, (d) COVID-19 period (i.e. timeframe observed
uring the pandemic), (e) comparison period (i.e. pre-COVID period to
hich the COVID-19 period is compared), (f) disease group (i.e. IHD,
VA, HF, CA, others), ( g ) study population characteristics (population
ize, age, gender, and comorbidities), (h) outcome(s), (i) main results, and
j) author’s conclusion into an Excel file ( Supplementary material 2 ). It is
f common practice to extract data from included articles in a systematic
eview into an Excel sheet for data management and analysis because
t allows easy organization, manipulation, and sharing of data. 9 Missing
ummary statistics were handled by cont acting authors . No met a-analysis
as performed due to the heterogeneity in outcome measures, as some
tudies measured relative changes (%) and others used incidence rate
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Table 1 Inc lusion c riteria 

Population Adults ( ≥18 years of age) diagnosed and/or susceptible to being affected by CVDs 
Intervention 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% CI) 

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% CI) 

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 (PCI)). 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).

Qua lit y 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. 10 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 dat a 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 c ha racteristics 
Most studies were performed in the UK ( n = 25), followed by
Italy ( 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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Figure 1 PRISMA 2020 flow diagram for new systematic reviews which included searches of dat abases , registers , and other sources. 
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0% male), age (mean age = 18 to mean age = 80), and population
isk profile (hypertension: 4–97%; obesity: 12–67%; diabetes: 2–54%;
yslipidaemia: 4–93%; and smoking: 0–77%). All of studies were retro-
pective observational 82% were case -controls , 8% were prospective,
% were cross-sectional, and the remaining 5% consisted of longitudi-
al and population-based studies. For the comparison period, 51% of
he studies focused on the period preceding the first lockdown and
he first lockdown period ( January–April 2020), 36% of the studies
ooked at the first lockdown and the first post-lockdown period
March/April–May/June 2020), 6% of the studies focused on the first
nd the second waves, 5% of the studies on the year 2020, and the
emaining 2% looked at the first wave until the third wave, and the
rst wave until the fourth wave of the COVID-19 pandemic. The main
esults of the review are illustrated in Table 2 . 

ynthesis of findings 
sc haemic hea rt diseases (IHD) 
ixty-eight studies analysed delayed IHD care during the COVID-19
andemic. All of them considered myocardial infarctions (ST-elevation
yocardial infarction (STEMI), n = 66; Non-ST-elevation myocardial

nfarction (NSTEMI), n = 35), seven studies included AP (unstable,
 = 5; stable, n = 2), and two studies analysed CAD. Out of the
8 studies, 47 addressed hospital admissions, 30 discussed mortality,
5 analysed delays in help-seeking after symptom onset or delays
n treatment initiation, and 13 analysed the number of treatment
rocedures. 

cute myocardial infarction (A MI ) hospital admissions 
orty-four studies found a significant decline in AMI admissions during
he COVID-19 pandemic compared to the pre-COVID-19 period
anging between 12 and 66%. 11 –54 One study observed no variation
n the number of STEMI admissions during the pandemic compared
o pre-pandemic times. 55 An Italian study found a reduction in AMI
dmissions during the first lockdown period compared to pre-COVID
imes, but a significant increase in hospital admissions for AMI after the
ockdown was lifted. 15 Another Italian study examining figures from
020, depicting the two first waves of the pandemic, also found a
ignificant increase in AMI hospital admissions compared to the year
019. 56 

ngina pectoris (AP) hospital admissions 
ix studies found a significant decrease in AP admissions with admis-
ion rates ranging from 0.63 to 0.92, 27 , 29 , 48 , 52 , 53 , 57 whereas one study
id not find a significant change compared to pre -COVID-19 times . 47 

oronar y arter y disease (CAD) hospital admissions 
wo studies focused specifically on CAD and reported a significant
ncrease in hospitalizations during the COVID-19 period compared
o pre-COVID times, with rates ranging from 1.2 to 2.4. 52 , 58 

elays in seeking help after symptom onset 
hirteen studies found a significant longer median time to medical
elp after symptom onset for patients with IHD ranging be-
ween 15 and 926 min during the COVID-19 period compared
o a time ranging between 2 and 439 min during pre-COVID-19
imes. 16 , 28 , 30 , 32 , 35 , 37 , 47 , 56 , 59 –63 Five studies did not find a significant
ifference in time to medical help after symptom onset during the
andemic in comparison to pre-pandemic times. 14 , 18 , 29 , 64 , 65 
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Table 2 Main results of the included papers in the review 

Disease group 

Number 
of 

studies 
Outcomes 
assessed 

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

Number of 
studies 

finding = com- 
pared to 

pre - COVID-19 

Number of 
studies that 

found ↓ 
compared to 
pre - COVID-19 Overview 

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

Ischaemic 
heart disease 
(IHD) 

47 Hospital 
admissions for 
MI 

2 1 44 

7 Hospital 
admissions for 
AP 

0 1 6 

2 Hospital 
admissions for 
CAD 

2 0 0 

17 Mortality rate 15 1 1 

18 Delays in seeking 
medical help 
after symptom 

onset 

13 5 0 

11 Delays to 
treatment 
initiation 

6 4 1 
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Table 2 Continued 

Disease group 

Number 
of 

studies 
Outcomes 
assessed 

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

Number of 
studies 

finding = com- 
pared to 

pre - COVID-19 

Number of 
studies that 

found ↓ 
compared to 
pre - COVID-19 Overview 

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

9 Treatment 
procedures 

0 0 9 

Cerebrovascular 
disease 

41 Hospital 
admissions for 
strokes 

1 2 38 

17 Hospital 
admissions for 
TIA 

0 5 12 

4 Hospital 
admissions for 
ICH 

0 0 4 

14 Delays in seeking 
medical help 
after symptom 

onset 

6 8 0 

19 Delays in 
treatment 
initiation 

6 12 1 
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Table 2 Continued 

Disease group 

Number 
of 

studies 
Outcomes 
assessed 

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

Number of 
studies 

finding = com- 
pared to 

pre - COVID-19 

Number of 
studies that 

found ↓ 
compared to 
pre - COVID-19 Overview 

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

11 Mortality rate 8 3 0 

29 Treatment 
procedures 

0 15 14 

20 Level of severity at 
hospital 
admission 
(NIHSS) 

2 17 1 

4 Level of disability 
(mRS) post 
stroke 

1 3 0 

Hea rt Fa ilure 
(HF) 

10 Hospital 
admissions 

0 0 10 

4 Mortality rate 4 0 0 
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Table 2 Continued 

Disease group 

Number 
of 

studies 
Outcomes 
assessed 

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

Number of 
studies 

finding = com- 
pared to 

pre - COVID-19 

Number of 
studies that 

found ↓ 
compared to 
pre - COVID-19 Overview 

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

2 Symptom severity 
at admission 

2 0 0 

Ca rdiac a rrests 
(CA) 

6 Hospital 
admissions 

4 2 0 

3 Mortality rate 3 0 0 

Others 

Other CVD 12 Hospital 
admissions 

5 1 6 

Ot her c a rdiac 
procedures 

2 Hospital admission 0 0 2 

↑ : increase; ↓ : decrease; = : equal to. 
AP: angina pectoris; CAD: coronary artery; ICH: intracranial haemorrhage; MI: myocardial infarction; and TIA: transient ischaemic at tack . 

D
S  

4  

b
a  

t  

t  

D  

t

T
S  

p

elays in treatment initiation 
ix studies found a significant longer median DTB time, ranging from
1 to 66 min during the COVID-19 period compared to a time ranging
etween 34 and 40 min during pre-COVID-19 times 16 , 21 , 57 , 66 –68 

nd four studies did not find a significant difference in DTB
imes during the COVID-19 pandemic compared to pre-COVID-19
imes. 28 , 31 , 60 , 69 Moreover, one study observed a significant shorter
TB time during the COVID-19 period compared to pre-COVID-19
imes. 67 

reatment procedures 
ix studies reported a significant reduction in the number of PCI
rocedures 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 

Mor talit y 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. 20 

Cerebrovascula r acc ident 
Fifty-one studies examined the impact of the COVID-19 pandemic
on CVA. 44 , 46 , 48 –50 , 53 , 54 , 74 –117 All 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
40%. 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. 82 Similarly, a Danish study
found consistent with pre-pandemic levels stroke admission rates
during various stages of lockdown and reopening. 108 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. 109 

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. 49 , 50 , 53 , 75 , 80 , 86 , 88 , 91 , 103 , 107 , 114 , 118 Five studies found no significant
difference in hospital admissions. 78 , 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. 59 , 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 . 79 , 95 , 97 , 104 , 116 , 117

In contrast, eight studies did not find any significant time differences
in seeking medical help after symptom onset. 74 , 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 84 , 90 compared to 27–51 min in pre-
COVID times, 76 , 111 while five did not find any delay. 79 , 110 , 115 –117 Four
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, 87 but seven studies did not find a delay. 77 , 81 , 101 , 106 , 115 –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 . 92 
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 42%. 74 , 76 –78 , 80 , 88 , 89 , 98 , 100 , 106 , 107 , 109 , 111 , 113

Fifteen studies however observed no change in the number of reper-
fusion therapies. 83 , 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, 74 , 77 , 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. 81 , 101 , 109 Two studies revealed significantly higher NIHSS
scores 76 , 94 and one study reported a significantly higher mRS score 109

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. 81 

Mor talit y rate 
Eight studies 49 , 82 , 84 , 85 , 103 , 108 , 109 , 112 found that mortality rates were
significantly higher during the pandemic, with increases ranging from
8 to 70% for different outcomes. In contrast, three studies 79 , 94 , 119

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. 108 Notably, 30- day out- of-hospital case fatality rates
after hospital admission were particularly high during the pandemic,
reaching 70% in some cases. 85 

Hea rt fa ilure 
Ten studies assessed the impact of the COVID-19 pandemic on
HF 43 , 45 , 54 , 118 , 120 —125 and all of them reported a significant reduction
in hospit al 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. 122 —125 Furthermore, two studies identified
a significant increase in patients with more severe symptoms at the
time of admission. 123 , 126 

Ca rdiac a rrests 
Two studies evaluated IHCA, while four studies focused
on out-of-hospital cardiac arrest (OHCA). 47 , 71 , 127 —130 Four
studies 127 —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. 71 , 131 Additionally, two studies
reported a decreased survival rate after resuscitation, 127 , 128 while
one study observed a significant increase in in-hospital mortality rate
during the COVID-19 pandemic compared to pre-COVID times. 129 

Others 
Other cardiovascular diseases 
Seventeen studies examined the broader cardiovascular disease
groups. 42 , 45 , 47 , 49 , 52 , 58 , 71 , 85 , 118 , 119 , 132 –138 Two 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. 47 , 58

An Italian 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. 42 , 45 , 85 , 136 One of these studies also
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eported a threefold increase in related in-patient mortality rate.
tudies found significant decreases in hospital admissions for venous
hrombolysis, 139 chest pain, 133 aortic ruptures, 49 and new-onset atrial
brillations 134 but a study found a significant increase in aneurysmal
ubarachnoid haemorrhage 119 during the COVID-19 pandemic com-
ared to pre-COVID-19 times. 

ther cardiac procedures 
ne British study found a significant reduction in both surgical aortic
alve replacement (AVR) and transcatheter AVR during the first and
econd waves of the pandemic. Additionally, the study reported a
ignificant increase in 30-day mortality rate for both AVR and coro-
ary artery bypass grafting procedures (135). A German study found
ecreased proportions of chronic coronary syndromes catheteri-
ation procedures during the pandemic compared to pre-COVID
imes. 71 

ua lit y assessment 
here was a good inter-rater agreement between both reviewers
or the quality assessment with a weighted kappa statistic of 85%.
tudies with lower quality scores may still provide valuable informa-
ion and/contribute to the understanding of the research question,
herefore we did not reject studies based on quality assessment. Only
ne study had a quality score < 50. 75 The latter focused on the impact
f the pandemic on CVA hospital admissions in Italy and found that
here was a drop in admissions for TIA but not for strokes. Details
f the quality assessment of each study included in the review are in
upplementary material 3 . 

iscussion 

he COVID-19 pandemic has disrupted healthcare systems world-
ide, causing delays in the delivery of essential medical services,

ncluding CVD care. A survey performed by the European Society of
ardiology (ESC) in April 2020, among 3000 healthcare professionals
orldwide showed a decrease in AMI admission and an increase in
elayed presentations at cardiology wards. 140 , 141 With time, high-level
vidence with more robust study designs estimating the indirect im-
act of the COVID-19 pandemic on delayed CVD care and confirming
he results of the ESC survey was added to the literature. 120 , 142 , 143 For
xample, a systematic review examining the effects of the pandemic
n the care and management of patients with acute cardiovascular
isease revealed a decrease in hospital admissions for acute coro-
ary syndrome (ACS) by 40–50% and for stroke emergencies by
2–40%. 144 This study aimed to provide a systematic review of the
vailable evidence on the impact of the COVID-19 pandemic on
elayed CVD care in Europe. This information is crucial to understand
he indirec t impac t of the pandemic on CVD care and to develop
trategies to minimize the burden of delayed CVD care in the future.
lmost 90% of the studies included in our review reported on the first
ave of the pandemic (generally including the post-lockdown period),
hose majorly showed that hospital admissions for acute CVD such as
MI, stroke, and HF decreased during the pandemic, while mortality
ates for CVD patients increased. Delay in seeking medical help after
ymptom onset was also observed. In contrast, there was an increase
n C A s and lower survival rates. Additionally, there were reductions
n urgent and elective cardiac procedures. Our results are in line with
 systematic review on the impact of the pandemic on the care of
atients with acute CVD, which found a reduction in ACS hospital
dmissions of 40–50% and 12–40% for stroke emergencies. 144 An-
ther recent review on pandemic’s impact on CVD health in 2020
ound reduced CVD facility admissions and lower CVD mortality,
hough some studies showed the opposite. 145 We have included a few
tudies (mainly focusing on CVA) that also reported on the second,
hird, and fourth waves of the pandemic. Those generally showed a
ecrease in hospital admissions and an increase in mortality rates 43 , 108 

uring the first wave of the pandemic followed by an increase in
ospit al admissions , almost hitting pre -COVID-19 levels , 53 , 82 , 83 , 95 and
mproved time to treatment initiation, 95 , 97 which may reflect a learn-
ng curve within healthcare systems in providing CVD care during
he pandemic, changing patient attitudes during the pandemic, and
he success of public health campaigns to reassure patients about the
afety of seeking emergency care when needed. 82 , 95 

The decrease in hospital admissions for CVD during the pan-
emic can be attributed to various factors. 120 Government lockdowns
nd movement restrictions, fear of contracting COVID-19, and con-
usion about seeking medical care likely dissuaded patients from
isiting hospit als . Additionally, healthcare systems were overwhelmed
ith COVID-19 patients, resulting in reduced capacity to treat
on-COVID-19 related conditions such as CVD. 148 Social restric-
ions and confinement may have limited the number of witnessed
cute cardiovascular events and patients sharing their symptoms with
thers. 146 , 147 Moreover, lifestyle changes, such as increased physical
ctivity, reduced alcohol consumption, healthier eating habits, and
ecreased exposure to environmental triggers, due to reduced air
ollution and changes in ambient temperature during the first lock-
own, may have also played a role in reducing hospital admissions for
VD. 16 

Delays in seeking treatment for CVD during the pandemic may
gain be explained by the fear of the virus, pushing patients away
rom seeking medical attention, even when experiencing CVD
ymptoms. 148 In addition, with COVID-19 dominating news coverage
nd reduced public health campaigns promoting CVD awareness,
ome individuals may have attributed their CVD symptoms to the
irus and be less aware of CVD symptoms, which could also partly ex-
lain delays in seeking medical help. 67 , 149 The pandemic caused delays
n CVD treatment due to changes in healthcare provision, including
trained availability of healthcare professionals , hospit al resource al-
ocation, and ICU bed availability. 150 Insufficient personal protective
quipment and COVID-19 tests at the start of the pandemic also
aused delays in emergency procedures and CVD treatment. 151 , 152 

Increased CVD mortality rates during the pandemic could be
ttributed to delays in diagnosis and treatment initiation leading to
ore severe cases and increased risk of death. For instance, delays

n treatment for STEMI patients are associated with negative out-
omes such as myocardial salvage, maintenance of left ventricular
unction, and survival. 153 Moreover, the decrease in AMI admissions
ay have increased the risk of OHCA and CVD mortality. 129 In-
reased stress, anxiety, and depression due to fear of the virus,
ocial isolation, economic uncertainty, disruption to daily life, and
ver-changing information and guidelines related to the pandemic may
ave also contributed to increased CVD mortality rates. 154 , 155 In-
reases in stroke mortality rates may be due to delays in thrombolytic
herapy. 156 While most studies did not show a difference in the level of
troke severity at admission (NIHSS score) compared to pre-COVID-
9, two studies found higher NIHSS scores, which are associated with
 higher risk of mortality. 157 Increases in OHCA mortality may be
xplained by the reluctance of witnesses and emergency personnel to
erform cardiopulmonary resuscitation on potentially contaminated
atients, given that it is a process that generates aerosols and carries
 significant risk of COVID-19 transmission. 158 

Reductions in hospital admissions and delays in seeking medical help
or patients with IHD and CVA could lead to a potential increase in
he number of undiagnosed and untreated cases, which may result
n more severe cases and worse long-term outcomes, including a
igher risk of MI, HF, and death for IHD, and increased disability and
ortality for CVA. 159 Delayed treatment for IHD, such as decreases

n PCI and catheterization procedures, could also lead to further
amage to the heart muscle and increase the risk of complications,
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such as HF or arrhythmias. 68 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. 160

Even minor delays in stroke treatment can have negative effects
on clinical outcomes. 161 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. 162 Additionally, those patients have higher risks of compli-
cations from COVID-19. 163 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. 164 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. 128 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. 165 

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), 166 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) 167 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). 168 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 75 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. 169 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. 170 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. 

Supplement a ry materia l 
Supplementary material is available at European Heart Journal —
Quality of Care and Clinical Outcomes online. 
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