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Abstract

Background: An alarming cerebro/cardiovascular collateral damage, reflected by a decline in
admissions for acute stroke (AS) and acute coronary syndrome (ACS], was observed during the
initial phase of the COVID-19 pandemic, thereby leading to a re-design of public campaigns.
However, there are limited data regarding the AS and ACS hospitalization rates during the
second wave of the pandemic, which was followed by re-imposition of lockdowns.

Methods: We calculated the rate of AS and ACS hospitalizations from three representative
tertiary care hospitals in Greece during a 2-month period (November-December 2020) of the
second wave of the COVID-19 pandemic compared with the corresponding control period in
2019 from three representative tertiary care hospitals in Greece. This was a follow-up study
with identical design to our previous report evaluating AS and ACS hospitalizations during the
first wave of the pandemic (March-April 2020).

Results: Compared with 2019, there was a 34% relative reduction of AS hospitalizations
lincidence rate ratio (IRR): 0.66, 95% confidence interval (Cl): 0.48-0.92, p=0.013] and 33%
relative reduction of ACS hospitalizations (IRR: 0.67, 95% Cl: 0.54-0.83, p <0.001) during the
second wave of the COVID-19 pandemic. The relative reduction was smaller and did not reach
the level of statistical significance for the respective syndromes (haemorrhagic stroke: IRR
0.87, 95% CI: 0.41-1.82, p=0.71; ST-elevation myocardial infarction: IRR 0.81, 95% CI: 0.57-
1.14, p=0.22).

Conclusion: AS and ACS hospitalizations were persistently reduced during the second
wave of the COVID-19 pandemic compared with 2019 in Greece. This decline was

similar to the observations during the first wave despite the large differences in the
epidemiological COVID-19 burden. Lockdowns, a common characteristic in both waves,
appear to have a detrimental indirect impact on cerebro/cardiovascular diseases in the
general population.
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Introduction

Since January 2020 and as of 23 March 2021
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has infected more than
123,000,000 people globally, while 2,727,640
deaths due to coronavirus disease — 19 (COVID-
19) have been recorded.!

During the initial phase of the pandemic (‘first
wave’), most countries rapidly re-designed their
health services on a large scale for treating patients
with COVID-19. Moreover, many national
authorities instituted lockdowns (mandatory to
stay at home, work from home, school closures
and business closure orders) to slow the rapid
spread of the virus. At the same time, numerous
regional and national reports suggested a signifi-
cant decline in acute stroke (AS)%!! and acute
coronary syndrome (ACS) admissions.1216
Therefore, strict social measures and fear of expo-
sure to SARS-CoV-2 could have inadvertently
discouraged patients from seeking medical care.
Since then, the scientific community systemati-
cally urged people with cardiovascular symptoms
not to avoid referring to hospitals out of fear of
being infected with SARS-CoV-2.17:18

After May 2020, strict social measures were par-
tially lifted and life in many countries was gradu-
ally restored to ‘normality’. However, during the
last months of 2020 the number of patients with
COVID-19 increased and many countries re-
introduced restrictive measures. Only limited
data exist regarding the cardiovascular ‘collateral
damage’ during the ‘second wave’ of COVID-19,
and especially during the national lockdowns.1®

Our national collaborative group has previously
investigated the rate of AS and ACS admissions
in neurological and cardiological departments of
three tertiary hospitals in Greece during the first
wave of the pandemic (March—April 2020). We
further evaluated these rates during the second
national lockdown due to COVID-19 pandemic.

Methods

Study design

We conducted an observational study including
patients admitted with AS or ACS to three ter-
tiary care university hospitals of different geo-
graphic and epidemiologic regions of Greece
(southern: Athens; northern: Thessaloniki;

western: Ioannina).l® The methodology of our
study has previously been published.!? In brief, all
consecutive patients who were admitted with a
confirmed diagnosis of AS or ACS were included
in this study. Stroke patients were categorized in
acute ischaemic stroke and acute haemorrhagic
stroke subgroups. ACS included both ST-segment
elevation myocardial infarction (STEMI) and
non-ST-segment elevation ACS (NSTE-ACS)
(i.e. non-STEMI and unstable angina). Data
were prospectively collected during a 2-month
period from 1 November to 31 December 2020
and the corresponding 2-month control period in
2019 (1 November to 31 December 2019). The
study complies with the Declaration of Helsinki
and the study protocol was approved by the
Institutional Review Board of the University
Hospital of Ioannina with protocol number 7/21-
4-2020 (619) and was adopted by the other hos-
pitals. The patients gave written consent for the
anonymous use of their data.

Study periods

The first case of confirmed COVID-19 in Greece
was identified on 26 February 2020. Starting
from March 2020, progressive measures of social
distancing were imposed by the Greek authori-
ties: (1) 10 March 2020: all schools and universi-
ties were locked down and self-confinement
behaviour was strongly recommended; (2) 16
March 2020: 80% of all business activities were
halted; and, ultimately, (3) 23 March 2020:
restricting measures of population movement
were implemented and continued until 3 May
2020, when the country began to gradually lift
restrictions.!> During the first wave of the pan-
demic the incidence of new infections and fatali-
ties was relatively small in the country and the
Intensive Care Units (ICUs) were not overloaded
(the maximum number of patients treated in
ICUs was 93 on 5 April 2020).2° During this
period the main slogan was ‘stay at home’ and ‘we
protect the people we love’ (elderly and patients
with pre-existing cardiovascular disease). However,
in Greece, and at the same time as both the
European Society of Cardiology and American
College of Cardiology urged patients to seek help
if they had symptoms of heart diseases, the scien-
tific community was sounding an alarm and new
slogans featured prominently in television adverts
(e.g. ‘even in the era of COVID, the infarction
cannot be delayed’). Moreover, press releases
from the Hellenic Societies of Cardiology and
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Neurology stressed the fact that ‘the stay-at-home
order during COVID-19 does not apply to heart
attacks and strokes’ and repeated messages were
published such as that ‘we stay at home but we do
not forget heart attacks and strokes’, while neu-
rologists and cardiologists had frequent interviews
in broadcast media. During the second wave of
the pandemic, Greek authorities issued new local
lockdowns on 29 October 2020, and a national
lockdown was put in place on 7 November 2020.
Kindergartens, elementary schools and special
schools remained open, unlike the first lockdown
in March, while middle and high schools as well
as universities switched to distance learning. On
14 November 2020, all schools were closed and
switched to distance learning. On 14 December
2020, shops opened (employing a click-away
method: the customer ordered the product elec-
tronically and received it from an outdoor area),
while schools and restaurants remained closed up
to the end of the study period. During that period
the national health system was overstressed, the
number of reported infections and deaths due to
COVID-19 was dramatically increased and ICUs
were overloaded (the maximum number of
patients treated in ICUs was 622 on 3 December
2020).20

Comparative analyses were performed between
the study period of the second-wave of COVID-
19 (1 November to 31 December 2020) and a
period prior to the COVID-19 pandemic: the cor-
responding period of the previous year (1
November to 31 December 2019).

Statistical analysis

Categorical variables are presented as absolute
numbers with corresponding percentages, and
odds ratios (ORs) with 95% confidence intervals
(CIs). Comparisons between categorical variables
were conducted using the chi-square or Fisher’s
exact test for low expected frequencies. Continuous
variables are presented as medians with inter-
quartile range, and the Mann—Whitney test was
used for comparisons. Incidence rate ratios
(IRRs), comparing the admission rates during
COVID-19 versus the control period, were calcu-
lated using the Poisson regression to model the
number of admissions per day. An a level of 0.05
(two-tailed) was used as determinant of statistical
significance. Stata 10.0 (StataCorp, College
Station, TX, USA) and SPSS 17.0 (IBM,
Armonk, NY, USA) were used for analyses.

Results

A total of 153 AS (study period: 61; control
period: 92) and 345 ACS patients (study period:
138; control period: 207) were recorded. Table 1
shows the demographic and baseline clinical
characteristics of the patients. There were no dif-
ferences between baseline clinical characteristics
between the two periods, excepting a lower per-
centage of female patients and a higher percent-
age of smokers for ACS hospitalizations during
the COVID-19 period (p=0.014 and p=0.019,
respectively).

Compared with the control period, we observed an
almost identical relative reduction of AS and ACS
hospitalizations. There was an overall 34% relative
reduction of AS admissions (IRR: 0.66, 95% CI:
0.48-0.92, p=0.013; Figure 1) and a 33% relative
reduction of ACS admissions (IRR: 0.67, 95% CI:
0.54-0.83, p<0.001; Figure 2) during the COVID-
19 pandemic. The relative reduction of ischaemic
stroke admissions was 38% (IRR: 0.62, 95% CI:
0.43-0.89, p=0.010), while the reduction of haem-
orrhagic stroke admissions (13%) was smaller and
did not reach the level of statistical significance
(IRR: 0.87, 95% CI: 0.41-1.82, p=0.706). The
percentage of admitted stroke patients <65years
during the COVID-19period tended to be lower
compared with the control period (59.0% wversus
71.7%, OR 0.57, 95% CI: 0.29-1.12, p=0.102).
Patients presenting with AS were managed either
conservatively or by intravenous thrombolysis. The
proportion of patients who were treated with intra-
venous thrombolysis was numerically lower during
the COVID-19 period compared with the control
period without, however, reaching statistical signifi-
cance (8.2 versus 14.1%; OR 0.54, 95% CI: 0.18—
1.61, p=0.265).

ACS admissions showed a reduction of 41% for
NSTE-ACS (IRR: 0.59, 95% CI: 0.45-0.78,
p»<<0.001), while there was a smaller reduction of
19% for STEMI (IRR: 0.81, 95% CI: 0.57-1.14,
p=0.224). There was no difference regarding the
percentage of younger (<65years) patients
admitted with ACS during the COVID-19 and
pre-pandemic periods (67% for both periods,
OR=1.0, 95% CI: 0.65-1.54, p>0.999). There
was no significant difference in the proportion of
patients presenting with ACS who underwent
percutaneous coronary intervention in the
COVID-19 period compared with the control
period (75.4 wversus 69.1% respectively; odds
ratio: 1.37, 95% CI: 0.84-2.23, p=0.205).
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Table 1. Demographics, baseline clinical characteristics and presentation of patients admitted with stroke or ACS during the
COVID-19 and control periods.

Characteristic/parameter Stroke admissions* (n=153) ACS admissions# (n=345)
COovID-19 Control pvalue COVID-19 Control p value
(n=61) (n=92) (n=138) (n=207)

Demographics
Age [years, median (IQR]] 63 (54.5-70.1) 61 (51.7-67) 0.153 63.7 (53.5-73) 64 (56-73.6)  0.449
Female gender, n (%) 27 (44.3) 31(33.7) 0.187 18 (13) 49 (23.7) 0.014

Baseline characteristics

Diabetes, n (%) 14 (23) 19 (20.7) 0.735 41(29.7) 55 (26.7) 0.542
Hypertension, n (%) 38 (62.3) 67 (72.8) 0.169 93 (67.4) 129 (62.6) 0.365
Hypercholesterolaemia, n (%) 46 (75.4) 71(77.2) 0.801 75 (54.3) 102 (49.5) 0.379
Smoking, n (%) 22 (36.1) 45 (48.9) 0.117 71 (51.4) 80 (38.6) 0.019
Chronic kidney disease, n (%) 0(0) 2 (5.3) 0.495 101(7.2) 14 (6.8) 0.882
Peripheral arterial disease, n (%) 1(1.6) 4 (4.3) 0.649 6 (4.3) 14 (6.8) 0.342
Previous stroke, n (%) 101.6) 4 (4.3) 0.649 3(2.2) 12 (5.8 0.104
Previous myocardial infarction, n (%) 1(1.6) 9(9.8) 0.052 20 (14.5) 36 (17.5) 0.463
Previous PClI, n (%) 1(1.6) 6 (6.5) 0.244 22 (15.9) 41(19.8) 0.363
Previous CABG, n (%) 0(0) 4 (4.3) 0.151 9 (6.5) 11(5.3) 0.638

Presentation
Stroke presentation 0.433 - -
Ischaemic, n (%) 48 (78.7) 77 (83.7)
Haemorrhagic, n (%) 13 (21.3) 15 (16.3)
NIHSS, median (IQR) 4 ([1-9.5) 4(1-6.8) 0.738 - -
ACS presentation - - 0.161
STEMI, n (%) 59 (42.8) 73 (35.3)
NSTE-ACS, n (%) 79 (57.2) 134 (64.7)
Ejection fraction [%, median (IQR]] - - 50 (45-55) 50 (45-55) 0.937

*Stroke patients - percentage of missing data per characteristic/parameter: chronic kidney disease 53.6%.

#ACS patients - percentage of missing data per characteristic/parameter: diabetes 0.3%; hypertension 0.3%; hypercholesterolaemia 0.3%; chronic
kidney disease 0.6%; peripheral arterial disease 0.3%; previous stroke0.3%; previous myocardial infarction 0.3%; ejection fraction 0.9%.

ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; IQR, interquartile range: NIHSS, National Institutes of Health Stroke Scale/
Score; NSTE-ACS, non-ST-segment elevation ACS; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.

Discussion Greece was lower than that of the corresponding
Our results showed that the number of AS and period in 2019. The relative reduction was almost
ACS admissions during the second wave of the identical regarding acute cerebrovascular and
COVID-19 pandemic in academic hospitals in cardiovascular admissions. A lower decline in
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Figure 1. Number of acute stroke hospitalizations in three tertiary hospitals in Greece during the last
2months of 2020 compared with the corresponding period in 2019. Relative (per cent) changes are presented
for each stroke subtype.

CVA, cerebrovascular accident; IRR, incidence rate ratio.
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Figure 2. Number of acute coronary syndrome (ACS) hospitalizations in three tertiary hospitals in Greece
during the last 2months of 2020 compared with the corresponding period in 2019. Relative (per cent) changes
are presented for ACS subtype.

IRR, incidence rate ratio; NSTEMI, non-STEMI; STEMI, ST-segment elevation myocardial infarction; UA, unstable angina.
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admissions was observed in patients with more
clinically severe events (haemorrhagic stroke and
STEMI). The relative reduction of admissions
for AS was larger for younger patients, while no
difference was noticed in ACS admissions.

Limited data exist regarding the cerebro/cardio-
vascular ‘collateral damage’ during the second
phase of the COVID-19 pandemic, which was
followed by new national lockdowns. Wu ez al.1®
reported a decline in hospitalized patients with
acute myocardial infarction by almost 34%, which
pre-dated the onset of the second national lock-
down in the United Kingdom. The second dip
appeared to be similar to that of the first pan-
demic wave (32% during the first UK lockdown)
and the rates of admissions declined even further
after the beginning of both national lockdowns.!®
Likewise, the magnitude of reduction of ACS
admissions in our study was similar to that of the
first lockdown in Greece.1%!5 Since, the results
are comparable and originated from national
health care systems with different characteristics,
it is unlikely that the reduction of admissions dur-
ing the pandemic merely reflects a local/national
change in the quality of provided health care ser-
vices. Moreover, these results show that commu-
nity interventions to ensure that the general
population, and especially people with cerebro/
cardiovascular symptoms, will continue to seek
appropriate medical care had no major effect on
patient behaviour. However, this is not a rare
phenomenon in recent medical history. Over the
last decades many studies reported no reduction
in pre-hospital time delay of patients diagnosed
with ACS despite media and educational cam-
paigns.20:21,22 In the COVID-19 era, we need
clever campaign strategies. For example, a strat-
egy, distributed by national digital media and
designed with behavioural insights, was associ-
ated with improved self-reported personal hygiene
and physical distancing in the Netherlands during
the COVID-19 crisis.2? However, several factors
(age, gender, education level) affected the out-
comes of this particular study.?? In Greece, a tel-
ephone interview survey revealed significant
lifestyle changes (passive smoking, working hours
and alcohol consumption were reduced while
sleeping hours were increased) in the general
population during the first lockdown, and also
showed that there was anxiety about the pan-
demic (45.1%), and lack of motivation and satis-
faction (38.4%). Moreover, almost one out of
four participants reported that if they had chest

pain they would not seek medical attention.?* It
would be interesting to see in the future any asso-
ciation between lifestyle changes and hospital
admissions from cardio/cerebrovascular events.

Using identical methodology, we have previously
reported a greater reduction of AS (51%) com-
pared with ACS admissions (27%) during the
first wave of the COVID-19 pandemic and the
first national lockdown in Greece.!? The relative
reduction of ischaemic stroke admissions was
47% and of haemorrhagic stroke admissions
69%. There was a similar relative reduction for
STEMI and NSTEMI/UA admissions (26%
versus 27%, respectively). Figure 3 shows the
respective reductions in AS and ACS hospitaliza-
tions during the first and second waves of the
pandemic.

Notably, during the second wave of the pandemic
we did not replicate the reduction in the admis-
sions of younger patients that was documented
during the first wave. This may be due to the fact
that during the second wave in Greece, new infec-
tions, deaths, intubated patients, and the overall
pressure on the health system were far higher than
those of the first wave. Second, after the first wave,
messages to the community focused mainly on the
importance of swiftly transferring older people
with vascular risk factors swiftly to the emergency
room. Third, people with more severe symptoms
(haemorrhagic stroke and STEMI in AS and ACS
groups, respectively) may have fewer reservations
to seek care in contrast to people with milder
symptoms. Finally, the discrepant observation
between the first and the second wave of the pan-
demic can be contributed to chance, since the
number of admissions in some subgroups was
relatively small in our study. However, our find-
ings from two periods with different epidemiologi-
cal characteristics in Greece (low wversus high
penetrance of the SARS-CoV-2 virus and limited
versus increased healthcare burden) showed that
lockdowns possibly have a negative impact on the
cerebro/cardiovascular diseases regardless of the
burden of COVID-19 in the community.

During the first wave of the pandemic, large-scale
measures might have affected triggers for AS and
ACS, resulting in a true incidence reduction and
an ensuing relevant admission reduction. On the
other hand, studies reported a dramatic increase in
out-of-hospital cardiac arrest (OHCA) cases dur-
ing the COVID-19 period.?425> Only a minority of
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Figure 3. The incidence rate ratio (IRR) of admissions [i.e. relative change in COVID-19 compared with the
control period). Blue and orange lines indicate IRR and 95% confidence intervals.
ACS, acute coronary syndrome; AS, acute stroke; NSTEMI, non-STEMI; STEMI, ST-segment elevation myocardial infarction;

UA, unstable angina.

OHCA patients had either a confirmed diagnosis
of SARS-CoV-2 infection or displayed clinical
signs consistent with COVID-19.25:26 In Greece, a
small study from a single hospital showed that the
cases of OHCA transferred to the emergency room
did not differ between the pre-pandemic and the
COVID-19 era.?’” Consequently, we can hypothe-
size that many ACS patients did not reach emer-
gency and hospital services. In addition, the
number of deaths observed during 2020 (52 weeks)
was higher than the previous year (130,288 versus
124,538; +4.62%). Interestingly, the p-score
(deaths .jeq 2020 — average deaths | 20152010/
average deaths 04 20152010) Was high (7.25% cor-
responding to an excess of 8802 deaths).?8
Furthermore, only 4881 deaths were classified as
COVID-19 related during 2020. In view of the for-
mer considerations, the excess mortality could be
associated with potential misclassification of undi-
agnosed causes of death including fatal cerebro/
cardiovascular accidents that did not reach emer-
gency/hospital services. Notably, cerebro/cardio-
vascular diseases are by far the leading causes of
death in Greece.?®

It is quite difficult to obtain accurate information
regarding the exact reasons behind our findings in
the two different waves retrospectively, since the
bulk of the patients who actually avoided seeking
medical care after having had symptoms is not
known and these patients cannot be targeted for
interviews; our questions and interviews address

the hospitalized patients. Additionally, there are
no validated questionnaires regarding the avoid-
ance of medical care during pandemics. During
the initial interview and medical assessment at the
Emergency Room we have asked what the patients
think about their cerebro/cardiovascular disease
and the new virus. It is interesting that the major-
ity of patients reported that they knew about the
appeals of the scientific community to seek help if
they had symptoms of cerebro/cardiovascular dis-
eases. Approximately half of the hospitalized
patients reported ‘not at all/a little worry’ about
COVID-19. Only one in three patients reported
no delay for seeking medical attention.

Our study is limited by the inherent disadvan-
tages of observational registries and the relatively
small sample size of each subgroup. Moreover,
during the study period, the three University
Hospitals which were included in the study did
also serve as COVID reference-centres in Greece.
Thus, the possibility that patients might have pre-
ferred an admission to another, non-COVID,
hospital cannot be excluded.

In conclusion, the rate of AS and ACS admissions
during the second wave of the COVID-19 pandemic
in Greece was lower than that of the corresponding
period in 2019. Lockdowns appear to have detrimen-
tal effects on the management of cerebro/cardiovascu-
lar diseases in the general population. More
appropriate and aggressive strategies are urgently
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needed to mitigate this major collateral health system
damage of the long-standing pandemic.
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