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Abstract

Background In the era of the current COVID-19 health crisis, the aim of the present study was to explore population behavior
as regards the visits in the Emergency Cardiology department (ECD) of a tertiary General Hospital that does not hospitalize
SARS-CoV-2 infected patients

Methods and results Daily number of visits at the EDC and admissions to Cardiology Wards and Intensive Care Unit of a
tertiary General Hospital, in Athens, Greece, were retrieved from hospital’s database (January 1st—April 30th 2018, 2019
and 2020). A highly significant reduction in the visits at ECD of the hospital during March and April 2020 was observed as
compared with January and February of the same year (p for linear trend < -001); in particular the number of visits was 41.1%
lower in March 2020 and 32.7% lower in April 2020, as compared to January 2020. As the number of confirmed COVID-
19 cases throughout the country increased (i.e., from February 26th to April 2nd) the number of visits at ECD decreased
(p=0.01), whereas, the opposite was observed in the period afterwards (p =0.01).The number of acute Myocardial infarctions
(MI) cases in March 2020 was the lowest compared to the entire three year period (p < 0-001); however, the number of acute
MI cases in April 2020 was doubled as compared to March 2020, but still was lower than the preceding years (p <0-001).
Conclusions It is hard to explain the mystery of the “missing” emergency hospital visits. However, if this decline in car-
diovascular disease related hospital visits is “true”, it is something that needs to be rigorously studied, to learn how to keep
these rates down.
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Introduction

The recent Coronavirus Disease (COVID-19) epidemic,
caused by Severe Acute Respiratory Syndrome Coronavi-
rus 2 (SARS-COV-2), has resulted in an increased death
toll, globally, that has surpassed the combined death toll
of previous SARS cases [1, 2]. In addition, the widespread
transmission of COVID-19 led the World Heart Organiza-
tion (WHO) on 11th of March 2020 to declare it as pan-
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demic. Due to the high infectiousness of SARS-COV-2
and the significant morbidity and mortality rates among
the affected population, many countries proceeded to pre-
ventive measures imposing home-isolation to citizens,
limiting and monitoring transportation to the essentials.
Regarding the healthcare system and in order to focus
on the management of COVID-19 incoming patients, all
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elective procedures in hospitals were postponed, while,
only the urgent ones were permitted. However, the rec-
ommendations to avoid hospital visits, together with the
fear of getting infected by COVID-19, may have forced
individuals to underestimate the symptoms of a disease
onset, and, therefore, to delay the diagnosis of various,
especially acute health conditions, like cardiovascular
disease (CVD). Especially in older individuals with vari-
ous co-morbidities, in which symptoms of acute coronary
events are usually less specific, a delay in diagnosis and
lack of the appropriate treatment, can lead to rapid dete-
rioration, shock and death [3].

Thus, and in the era of the current COVID-19 health cri-
sis, the aim of the present study was to explore population
behavior as regards the visits in the emergency, outpatient
cardiology department of a tertiary General Hospital, that
does not hospitalize SARS-CoV-2 infected patients. At
this point it should be mentioned that the first confirmed
COVID-19 case in Greece was reported on February 26th
and there was a progressive increasing transmission trend
until the April 2nd (published reports at www.eody.gov.gr),
while the aforementioned restrictive measures were imposed
on the 10" of March.

Methods
Design

Observational, retrospective study of the unplanned visits to
an Emergency Cardiology Department (ECD) in a tertiary
heart center in Greece.

Setting

The data of daily visits to the outpatient Emergency Car-
diology Department (ECD) and the admissions to the two
Cardiology Wards and the Cardiology Intensive Care Unit
(ICU) of Hippokratio Hospital, a tertiary General Hospital,
in Athens metropolitan area, Greece, were retrieved from
hospital’s database. The hospital covers more than one third
of ATTICA region and nearby rural areas. The aggregated
data were for the period January 1st—April 30th 2020 and
the previous two years, i.e., 2018 and 2019.

Bioethics
The study was carried out following standard ethics require-

ments with the permission of the hospital’s Bioethics
Committee.
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Measurements

From the hospital’s database, all unplanned visits in the ECD
of the aforementioned period were extracted by sex, age, pre-
senting complaint, initial diagnosis and course (i.e., admission
in the cardiology ward, referral to other specialty or discharge).
For the current study, the presenting complaints of interest
were: chest pain (ICD-10: R07.1, R07.2, R07.8, R07.9); dysp-
nea (ICD-10:R06.0); elevated blood pressure (ICD-10:116)
and palpitations (ICD10: R0.002;148).

Furthermore, the diagnosis of the admitted patients was
also retrieved through the hospital’s database. The principle
discharge diagnoses of interest were: acute coronary syndrome
[ST-elevation Myocardial Infarction (STEMI) ICD-10 122,
121.9, 121, 121.4), non-ST-elevation Myocardial Infarction
(Non-STEMI) (ICD-10 122, 121.4), Unstable angina (ICD-10
120.0)], heart failure (ICD-10: 150, 142, J81), other manifesta-
tions of coronary artery disease (CAD) (ICD 10: 143, E78,
1130.8, E78.4,142.2,127.2,171.2,142.1, 130.9, 171, 110, 133,
131.3, 126, I11, 134, 135.8, 107.1, Q25.3, 135170, 125.1, 125.8,
125.6,120.9, 124.5, 124.9, 154, 125)and in-hospital cardiovas-
cular death (ICD-10 146, 146.9).

Statistical analysis

Visits are presented as counts. Outpatient visits were analyzed
by applying Generalized Estimating Equations with log linear
Poisson link function. Additional explanatory variables were
day-of-week (six “dummy” variables), holidays (binary vari-
able indicating the dates that are official holidays) and Mon-
day effect (binary variable indicating Monday as a day with a
potentially larger number of hospital admissions). Goodness-
of-fit of the statistical models was assessed by calculating the
dispersion, whose optimum value is 1.0 for the Poisson regres-
sion, as well as from the g-q plot of the standardized devi-
ance residuals. Linear-trend model was estimated to evaluate
differences in the count of visits between January and April
of the three studied years separately (2018, 2019 and 2020).
Moreover, non-linear trends (i.e., parabolic and fractional pol-
ynomial) were also tested. Cross-correlation analysis was also
applied between the time-series of COVID-19 confirmed cases
and visits at ECD from February 26th (the first confirmed case
in Greece) to April 30th. All tested hypotheses were two-sided.
All statistical analyses were carried out using the Stata SE 15
software (STATA Corp Ltd., Texas, USA).
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Results

ECD visits

A highly significant reduction in the visits at ECD of
the hospital during March and April 2020 was observed,
as compared with January and February (p for linear
trend < -001); in particular the number of visits was 41.1%
lower in March 2020 and 32.7% lower in April 2020, as
compared to January 2020. Moreover, the number of visits
in March and April 2020 were the lowest compared to the
same months, in previous years. Moreover, no significant
trends were observed regarding the number of visits dur-
ing the same period, i.e., January to April, in 2018 and
in 2019 (Fig. 1). Cross-correlation analysis showed that
as the number of confirmed COVID-19 cases in Greece
increased (i.e., from February 26th to April 2nd) the
number of visits at ECD decreased (r=- 0.21, lag 4 days,
p=0.01), whereas, as the number of COVID-19 cases in
Greece started to decline (i.e., from April 3rd) the num-
ber of visits at ECD increased (r= 40.18, lag 9 days,
p=0.01).

No differences were observed during 2018-2020
regarding mean age (mean (SD): 63-5(1-0) years, p=0-52)
and sex of the individuals that visited ECD (62-0% men,
p=0-28). Moreover, no differences were observed in the
pattern of presenting complaints (by the individuals who
visited the ECD), as well as the percentage of individuals
who died at the ECD (1%, range 0-2%, pfor trend =0-38),

during the entire three year period 2018-2020 (Fig. 2).
In addition, although no differences were observed in the
percentage of primary percutaneous coronary interven-
tion (pPCI) performed in the individuals who visited the
ECD during the period of 2018 and 2019 and the first two
months of 2020 (3%, range 2-5%, p for trend=0-72), a
significant reduction by 50% was observed in March of
2020 compared to January and February 2020 (p <0.01),
which was not evident in April 2020.

Admissions at Cardiology Wards and ICU
from the ECD

Concerning the rate of patients admitted to the Cardiology
ward from the ECD, this was on average 42% throughout the
studied period 2018-2020 (range from 38 to 47%). A signifi-
cant progressive increase in the admission rate was observed
from February to April 2020, as compared to the preceding
years; specifically, 44% of visitors were admitted to the Car-
diology ward in February, 45% in March and 48% in April
(p for trend =0-05).Moreover, the rate of patients admitted
to the Cardiology ward in March and April 2020 was sig-
nificantly higher compared to the previous years (2018 and
2019), (p=0-006 and p <0-001, respectively). No differences
were observed for the entire three-year period as regards the
mean age (mean (SD) 68-1(1-0) years, p=0-07) and the sex
(66-9% men, p =0-53) of the admitted individuals. The pat-
tern of the principle discharge diagnoses of interest [Acute
coronary syndrome (ACS), Heart failure and other manifes-
tations of CAD (including chronic atherosclerotic disease,

Fig.1 Monthly unscheduled
visits at the ECD of a tertiary
General Hospital, during
January 2018-April 2020
(p-values derived from linear
trend analysis, lines derived
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Fig.2 Pattern of the presenting
complaints among unplanned
visits in the ECD of a tertiary
General Hospital, in Athens,
Greece, during January 2018—
April 2020

Fig.3 Pattern of major
discharge diagnoses: acute coro-
nary syndromes (ACS), heart
failure (HF) and other coronary
artery disease (CAD) which
includes chronic atherosclerotic
disease, stable angina and semi-
elective percutaneous proce-
dures of the patients who admit-
ted to the Cardiology Wards of
a tertiary General Hospital, in
Athens, Greece, during January
2018-April 2020
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stable angina and semi-elective percutaneous procedures)]
for the patients admitted to the cardiology ward is presented
in Fig. 3. The number of acute myocardial infarction cases in
March 2020 was the lowest compared to the entire three year
period (n=13 cases vs. 95%CI 35-65, p <0-001); however,
the number of acute myocardial infraction cases in April
2020 doubled as compared to March 2020, but still it was
lower than the preceding years (n=26 cases, p <0-001).
Similar significant findings were observed when STEMI
and Non-STEMI cases were studied separately. Regarding
heart failure, the number of admitted patients in March 2020
was the lowest compared to the entire period (n =43 cases
vs. 95%CI 53-92, p <0-001), whereas the number admitted
in April was the second lower ever observed (n=56 cases,
p <0:001). Finally, regarding other CAD cases (including
semi-elective procedures) the number observed in March
(n=140) and April 2020 (n=110) were respectively 3.1-
and 2.4-times lower compared to the preceding period (vs.
95% 167-236, p<0-001).

Discussion

The present study reports a strong reduction in all cause
visits at the ECD of a tertiary General Hospital during the
COVID-19 outbreak in Athens, Greece. The reduction was
more evident in the period that COVID-19 cases increased
and less profound when the epidemic curve tended to be
flattened. Greek government imposed general lockdown
measures on the 10th of March. Our center, implemented the
restrictions regarding elective cases, so no elective coronary
case was performed. This political action included school
closure. Moreover, major public holidays and religious
events were transferred to a later date. This possibly explains
the fact that we detected no impact of school operation or
public holidays on our analysis. The public was in general
encouraged to stay at home and seek for medical care only
in case of alerting symptoms. This policy has probably had
a significant contribution to the aforementioned reported
reduction in all-cause visits to the ECD.

It is well established a link between viral infections
and an increased incidence of acute cardiovascular events,
mainly due to the impact of inflammatory process leading to
atherosclerotic plaque rupture. However, in the era of SARS-
Cov-2 outbreak, a significant reduction by 50% was observed
in March of 2020 compared to February 2020 in the percent-
age of primary PCI performed in individuals who visited the
ECD. This reduction was somewhat restored in April 2020
(especially the last 10 days of April).In agreement with our
findings, a Spanish study that recorded visits from 71 hos-
pitals of the STEMI care network in Spain reported a 40%
reduction in patients treated with primary PCI [4]. In another
study conducted in 9 high volume hospitals in USA, a 38%

reduction in cardiac catheterizations of STEMI, was also
noted [5]. Similarly, Tam et al. [6] reported large delays in
the number of patients with STEMI seeking medical care in
Hong-Kong, China, after the institution of infection control
measures. Similar observations have been reported in a study
of 19 public primary PCI centers in Austria, where lower
rate of admitted and therefore treated patients with ACS was
reported [7]. In our experience, the number of acute STEMI
cases in March and April 2020 was lower compared to the
preceding years.

It is hard to explain the mystery of the “missing” emer-
gency hospital visits. It could be speculated that patients
with heart symptoms may not be seeking for medical care
because of the fear of infection from SARS-COV-2. In line-
with the previous, infarct-related symptoms, such as chest
pain or discomfort and dyspnea could have been misinter-
preted as being related to an acute respiratory infection.
There are many possible reasons for the observed different
rates of reduction in ACS cases and performed primary PCIs
during the pandemic. They may be related to local protocols
of each heart center such as the promotion of thromboly-
sis over primary PCI during this period [8]. Additionally,
they could be associated with the location of the center (i.e.,
COVID-19 or non-COVID-19 dedicated hospitals). Finally,
they could reflect the asynchronous spread of the disease, as
some countries had more time to prepare their health system
response to the global threat, learning from other counties’
experience. However, in our case, the percentage of indi-
viduals who admitted from the emergency department to the
Cardiology ward increased during the COVID-19 epidemic
period. The later could be explained because of the severity
of the cases eventually visited the hospital. We are not able
to provide data regarding possible delays in care delivery for
STEMI cases as this registry could not retrieve door to bal-
loon time intervals. It should be mentioned that our hospital
is not dedicated in treating COVID-19 patients. Thus, triage
is used for the initial evaluation of all coming patients. This
includes blood pressure, temperature and oxygen saturation
measurement, together with ECG, and brief medical his-
tory taking. Patients with signs and symptoms suspicious
for infection undergo screening with swab-testing for SARS-
COV2 and they remain isolated, in a special Unit await-
ing the test results. Test-positive patients are immediately
transferred to the reference hospital for COVID-19 cases.
This policy includes patients with NSTEMI or unstable
angina as well. In the event of a suspicious for COVID-19
STEMI case, our local protocol dictates immediate cardiac
catheterization in a dedicated laboratory with all the pro-
tective measures in place. However, to date, there were no
such cases. According to a position paper released by the
Hellenic Cardiological Society, in line with the instructions
given from Ministry of Health (https://eody.gov.gr/), all
adequate precautions were taken in the catheterization lab.
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This includes proper uniform, face shields and appliance of
negative environmental pressure.

Other scientists suggested that the reduction in hospital
visits could be attributed to a variety of environmental and
behavioral causes associated to the lockdown that govern-
ments mandated: reduction in urban air pollution because of
the automobiles transportations, abstinence from a stressful
job-related environment, better adherence to cardiovascular
medications and less smoking because of the “staying home”
policy and consequently more time for rest and be with the
family.Especially for the impact of stress, the role of the
imposed quarantine on the immediate psychological conse-
quences has been evaluated during the HIN1 2009 outbreak
in a providence in China, where no significant increase in
stressful experiences were observed during the quarantine
period [9].

The rigorous public health measures, which are undoubt-
edly critical for controlling the COVID-19 epidemic, may
have, unintentionally, affected the health care systems. The
extent to which a community outbreak of an infectious dis-
ease, like COVID-19, influence people’s behavior towards
health issues, is largely unknown. It is apparent that peo-
ple are afraid to be exposed to the virous, as even in non-
COVID-19 hospitals, the demand for medical consultation
was reduced. This is also supported by our observation that
the number of people visited the ECD and then admitted to
the cardiology ward, increased in April, when the epidemic
curve was flattened. Nevertheless, thoughtful concerns are
raised about the behavior of people, especially those with
cardiac symptoms that, if ignored, may lead to irreversible
health damage. Hopefully the more serious cases would
have sought for appropriate medical care, irrespective of
their fear, otherwise, there is a “bomb’ awaiting to blow-up.
However, even less serious symptoms, like those related to
uncontrolled hypertension or to a new onset of atrial fibril-
lation—could result in major adverse events (i.e., stroke) if
remain unattended [10-13].

Moreover, the effect of quarantine on the burden of CVD
has to be evaluated, too, when the preventive measures will
be reduced, and life will return back to normal. Specifically,
it has been reported that social distancing measures, have
been associated with depression and loneliness, especially
among older adults [14—-16]. It is known that depression and
anxiety have strong adverse effects on blood pressure levels,
glycemic control, compliance to medications, as well as to
CVD risk [17, 18]. Furthermore, social distancing measures
may promote sedentary behavior and adoption of unhealthy
dietary habits, especially for people living alone [19-21].

In contrary, it could be supported that spending more
time with family members, gathering and preparing home-
made lunch, may promote healthier dietary habits, family
coherence and spirituality. Another issue that should also
be taken into account is that COVID-19 epidemic will lead
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to long-lasting unfavorable economic effects, not only to
individuals, but also on health systems increasing future
demand for healthcare services, since all postponed elec-
tive and semi-elective procedures will accumulate, blocking
hospitals capacity [22, 23].

Cardiovascular disease still is the number one cause of
death and disability in the western populations and with
increasing rates all over the world. It has been estimated that
the number of deaths due to CVD in 2016 reached 17.9 mil-
lion, which accounts for the 31% of deaths globally [24, 25].
Awareness of people for heart symptoms and risk factors
control should always be a priority of public health policies
and practices [23]. People with CVD or who are at high car-
diovascular risk due to the presence of one or more risk fac-
tors, such as hypertension, diabetes, hyperlipidaemia, need
early detection and management using counselling, lifestyle
changes and appropriate medication. However, if this decline
in CVD related hospital visits is “true”, it is something that
needs to be rigorously studied, in order to learn how to keep
CVD rates down.
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