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he coronavirus disease-19 (COVID-19) pand-
I emic has dramatically burdened health-
care systems worldwide by creating new
public health priorities. In addition to the most pre-
valent presentation of COVID-19 with mild to mod-
erate respiratory symptoms, which occasionally
progresses to acute respiratory distress syndrome,
cardiovascular complications of COVID-19 include
arterial and venous thromboembolic events (pul-
monary embolism, acute myocardial infarction (MI)
and ischemic stroke), myocarditis/ myocardial injury,
type 2 M1, takotsubo cardiomyopathy, heart failure,
arrhythmias and sudden cardiac death."* By produ-
cing such effects, COVID-19 may exacerbate pre-ex-
isting chronic cardiovascular diseases or precipitate
the onset of acute cardiac complications in previ-
ously apparently healthy individuals.

Respiratory and other viral infections increase the
risk of MI in the short, intermediate, and long term.
Enhanced inflammatory activity in atheromatous cor-
onary plaques coupled with the infection-associated
prothrombotic state increase the risk of coronary ather-
othrombosis three to six times during the week after
laboratory-confirmed infection with influenza and
other respiratory viruses.”! Paradoxically, a signific-
ant reduction in hospital admissions for all types of
acute coronary syndrome (ACS) during the first wave
of COVID-19 pandemic has been reported by mul-
tiple single- and multi-center studies, and analysis
of national data registries.l* "

The processes of aging and senescence are accom-
panied with decreased protective mechanisms and
increased frailty of body functions, including the card-
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iovascular system and reduced efficiency of throm-
bolysis."> ™ Aging probably represents the most
detrimental risk factor for cardiovascular system
dysfunction."®! At the same time, age is associated
with a greater prevalence of cardiovascular risk fac-
tors, and individuals with hypertension, diabetes,
and obesity have proved more susceptible to severe
COVID-19 disease."*'"2! Therefore, it is not sur-
prising that clinical experience during the pandemic
clearly showed that elderly patients with underly-
ing structural heart disease represent the highest
risk subgroup for severe COVID-19 disease, its comp-
lications and death.""* However, the impact of
COVID-19 on the elderly population in terms of de-
tection and treatment of ACS is more complex than
in other population subgroups because of age-re-
lated psychosocial factors, more frequent atypical
clinical presentation, and more frequent coexisting
comorbidities.

After the early spread in China and East Asian cou-
ntries, the pandemic in other world regions began
by late January 2020, and the number of confirmed
cases and deaths in Europe and the USA started to
increase since the end of February 2020 rapidly. A
lower incidence of ACS, mainly during March and
April, compared to 2019 numbers, was observed
around the globe: in Europe, India, Latin America
and the USA (Figure 1).""? Considering MI sub-
types, with rare exceptions,” the majority of stud-
ies have shown a significant reduction in hospital
admissions for ST-segment elevation MI (STEMI)*>”
(Figure 1). Several additional studies have confi-
rmed the decline in STEMI cases during the pan-
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Figure1 Change in hospital admissions for subtypes of ACS during the first wave of the COVID-19 pandemic. The total number
of admissions in studies from Austria, England, Germany and Latin America represents ACS and in other studies represents acute MI.
Among the European countries, the reduction of all ACS types was somewhat less pronounced in Sweden where the lockdown was not
introduced. In Germany, a nonsignificant increase was observed for STEMI. The reduction was generally more pronounced for
NSTEMI than STEMI. Adapted from references 4 to 12. ACS: acute coronary syndrome; MI: myocardial infarction; NSTEMI: non-ST-
segment elevation myocardial infarction; STEMI: ST-segment elevation myocardial infarction.

demic: 51% in China,” 40% in Spain,”"! and 27% in
Pakistan.” Given the between-study heterogeneity,
a more recent meta-analysis revealed an average
25.5% reduction of STEMI admissions.” Except in
India, with an extreme 83% decrease in STEMIs, !}
the decline in admissions, ranging between 37%
and 65%, generally was even more impressive for
non-STEMI (NSTEMI) (Figure 1).17%"

The number of admissions commonly began to
decline during February 2020, with progressive re-
duction during March and April, reaching the nadir
by late April and early May, usually within a couple
of weeks after the introduction of lockdown restric-
tions (Figure 2). The studies that include data from
May 2020 in the analysis revealed a reversed trend
with increasing ACS numbers.”'*?* The UK and
the US reports described almost fully restored num-
ber of admissions occurring in late June, reaching
the pre-pandemic incidence.”*” Importantly, the
UK study also documented a new fall in admissions,
resembling the first one, which accompanied the sec-
ond pandemic wave in October and the subsequent
lockdown in November 2020.” In contrast, there were
no significant declines in MI in the US during the sec-
ond (summer 2020) or the third (winter 2020) pan-
demic wave."”

The fluctuation in hospital admissions for ACS ass-
ociated with the first wave of COVID-19 is most likely
multifactorial and caused by several pandemic-re-
lated factors, primarily including fear of the infec-
tion, difficulties in reaching a timely diagnosis, and
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reduced exposure to ACS triggers caused by the
anti-pandemic public health measures and lifestyle
changes (Figure 2). Many of those factors more in-
tensively affect the elderly, and a significant por-
tion of the “missing” ACSs could have been “lost”
in this population subgroup.

As the reduction in ACS admissions began dur-
ing the early pandemic when infection and fatality
rates were low, fear of acquiring the infection has been
proposed as a major contributor to the phenomen-
on.P71>%] Fear, anxiety and distress accompany
natural psychological responses to the randomly
changing condition. The fear of getting COVID-19
was occasionally enhanced by media-released mis-
information during the initial pandemic period.”"
The fear of not receiving proper treatment or the des-
ire to not overload the emergency service were also
present. This perception combined with guidance
on social distancing and sometimes inaccurate or
misleading recommendations to avoid hospitals un-
less suffering from severe symptoms®" could have
led patients not only to avoid regular check-ups, but
also to delay or completely avoid seeking care.

The consequences of fear may well be reflected in
the study involving 51 New York State hospitals and
reporting a 43% decrease in PCI procedures/week
for STEMI in counties with high-density COVID-19
spreading and only a 4% decrease in counties with
low-density spreading.® The second UK fall in MI
hospitalizations, resembling the first wave, started
before the new October/November lockdown, and
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Figure 2 Factors influencing the number of hospital admissions for ACS during the first pandemic wave. A decline in admissions
during the early phase of COVID-19 pandemic was mainly driven by fear of the infection followed by disturbed function of healthcare
system, redistribution of cardiology resources, and several factors associated with challenging diagnostics and unrecognized or un-
timely treated ACS. Most of these factors more intensively have affected elderly population. While the impact of daily life triggers is
questionable in the early pandemic stage, a lower exposure to the triggers in countries where the lockdown was introduced probably
contributed to the nadir of admissions. Gradual weakening of public restrictions with restored trigger exposure, newly established trig-
gers and attenuation of the early phase factors probably contributed to a reversed trend of reported coronary events in late April and

May. Adapted according to references 5, 10, 12, 28 and 29. ACS: acute coronary syndrome.

has also been linked chiefly to public fear of hospit-
als.”

Several studies reported that patients with MI hos-
pitalized during the COVID-19 period, compared to
the pre-COVID-19 period, were one to three years
younger supporting the notion that older patients
are more reluctant to seek medical attention.**
The reduction of hospital admission for MI was par-
ticularly conspicuous among those over 80 years of
age."”? A plausible explanation is that older indi-
viduals with multiple serious preexisting comorbid-
ities are aware of their vulnerability to severe dis-
ease and worse outcomes in case of contracting COVID-
19.°% In addition to this understandable reason-
ing, the process of aging also may hamper cognit-
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ive skills and flexibility, and the ability to process a
number of frightening and less understood inform-
ation. Many elderly patients do not have biological,
social, material and informatic resources to deal with
the stress associated with COVID-19. Finally, frail
and cognitively impaired individuals are probably
the most affected by such tendencies.

The adverse effect of social isolation on well-be-
ing in individuals of all ages is especially pronoun-
ced in older adults.?**! Social isolation often results
in loneliness, a factor significantly associated with
depression in elderly adults.®? Loneliness, isolation,
and depression have been linked to worse disease
outcomes and mortality in older populations, par-
ticularly in those over 65 years of age regardless of
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disease progression or severity.””*!

The first pandemic wave has been characterized
by a more than two-fold increase in incidence of out-
of-hospital cardiac arrest (OHCA) and a signific-
antly prolonged time from call to ambulance arri-
val.?” Although most OHCA events have occurred
at home, there has been a significantly higher fre-
quency of unwitnessed OHCA."”? Strict self-quar-
antine measures and isolation could have forced the
vulnerable elderly population to live in different areas
at home away from family members and isolated
from their visits."”’ Even when the onset of ACS or
an OHCA event has occurred at home in the pres-
ence of family members, we may assume that, at
least in some cases, they could have been reluctant
to call the ambulance or to perform CPR assigning
the event to COVID-19 and fearing of further spread
of the infection. While direct COVID-19 deaths ac-
count for a proportion of increased deaths at home,
a portion was undoubtedly due to ACS cases in
which delayed seeking of help, avoiding to do so, or
avoiding to perform CPR was caused by fear of the
infection.””!

Age seems to be one of the most important pre-
dictors of atypical presentation of ACS.""* Accord-
ingly, a relatively high incidence of unrecognized
MIs in patients aged 55 and older*” could be ex-
plained by a tendency toward atypical MI presenta-
tion with increasing age."*”! Most importantly, even
before the COVID-19 pandemic, it has been well-
documented that patients with atypical MI present-
ation are at increased risk for delays in seeking med-
ical attention, less aggressive treatments, and in-
hospital mortality./*>*!

A body of evidence strongly suggests that patients
with NSTEMI, compared to those with STEMI, are
older, more often have comorbidities and almost 2-
times more often to have an atypical presentation at
the onset.*”*”**] This fact has led to the hypothesis
that they could have been more reluctant to seek help
and could more easily be misdiagnosed as COVID-19
leading to a greater number of “missing” NSTEMIs.*
In contrast, STEMIs are more typical in symptom
presentation and electrocardiographic changes, so
we may assume that STEMI patients have been
more accurately recognized and treated. Even among
STEMI patients, hospital mortality is still signific-
antly higher in those without than in those with typ-
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ical chest pain.*”’ However, in a group of older pa-
tients aged 69 years on average, Baldi, et al.”" have
reported that they voluntarily delay the call to emerg-
ency service despite typical MI symptoms, i.e., the
time from symptoms to call nearly tripled during
the pandemic compared to non-pandemic periods.

A linkage among the older age, NSTEMI, and
atypical symptom presentation, could have contrib-
uted to the reduced hospital admissions. This link-
age could have underlaid a portion of unrecognized
NSTEMIs where a delay in seeking help and un-
timely or inappropriate treatment has caused the
development of OHCA. This possibility has been
further corroborated by the observation that the in-
cidence of OHCA among those presenting with MI
markedly increased following implementation of
the lockdown and social distancing measures.""!
The incidence of such cases during the first pan-
demic wave almost doubled the pre-pandemic in-
cidence and patients presenting with OHCA were
more likely to be older, women or of Asian origin.””!

Tropism and interaction of COVID-19 virus with
ACE2 receptors and the renin-angiotensin-aldos-
terone system can enhance systemic inflammatory
response involving the heart.” Early at the begin-
ning of the pandemic it was established that COVID-
19 patients often have myocardial injury character-
ized by increased troponin levels.!"**>*! Patients
with myocardial injury also have a high incidence
of concomitant elevation of D-dimer levels, marke-
dly elevated inflammatory biomarkers,!* more
common complications including acute respiratory
distress syndrome, coagulation disorders, acute kid-
ney injury, electrolyte disturbances and a twofold to
fourfold higher mortality.”*** Furthermore, pa-
tients with myocardial injury are on average 10 to
15 years older than those without cardiac injury®**
and patients over 60 years of age with COVID-19
are more likely to suffer from an acute myocardial
injury in case of a pre-existing cardiovascular dis-
ease.” However, elderly patients are significantly
more susceptible to myocardial injury, regardless of
the presence of previous cardiovascular disease,
particularly those over 75 years of age.”*”’)

Elderly patients with coexisting COVID-19 dis-
ease and NSTEMI represent a subgroup with partic-
ularly challenging point-of-care diagnostics (Figure 3).
Due to a greater likelihood for less typical symp-
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Figure 3 Factors associated with a specific impact of the COVID-19 pandemic in the elderly population. Multiple factors could
have been responsible for more frequent “missing” ACS during the first pandemic wave among the elderly. In addition, long-term con-
sequences and sequelae of the COVID-19 disease will also be more severe with increasing age. ACS: acute coronary syndromes.

toms and NSTEMI, more frequent pre-existing car-
diac disease, and expected troponin rise with the
COVID-19 infection, it is likely that this situation in
the elderly could be more often misinterpreted as
being exclusively related to COVID-19 disease. Evol-
ving and sometimes conflicting guidance about the
treatment of patients having an ACS with or without
OHCA during the first pandemic wave could have
also burdened point-of-care diagnostics and prompt
treatment. In this line, those hospitalized with MI
after OHCA had longer delays to emergency reper-
fusion, were less likely to receive invasive coronary
angiography and specialist care, and had higher in-
hospital mortality.”"

During the pandemic, several factors associated
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with the functioning and organization of healthcare
systems additionally hampered the timely recogni-
tion and treatment of ACS patients. Frequent emer-
gency calls overwhelmed and disturbed the regular
running of emergency services whose personnel
were busy transporting COVID-19 patients which
often resulted in delayed transport and treatment of
MI patients.”*! In addition to fear of the infection,
the stay-at-home order has strongly influenced de-
cision to call for help for medical emergencies.**”
The prolongation of time from call to ambulance ar-
rival in OHCA cases supports the possibility that a
number of “missing” ACSs were unrecognized at
the time and ended up as OHCA."!

A diversion of resources caused by altered urgent
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pathology has reduced non-urgent cardiologic pro-
cedures, including elective coronarography, valvu-
loplasty, percutaneous aortic valve implantation, at-
rial septal defect closure and other interventions has
dropped between 50% and 90% worldwide.”* In
some elderly patients, postponing the procedure
could have resulted in the progression of cardiac dis-
ease and could have produced a greater vulnerabil-
ity to more severe COVID-19 disease. A weakening
of the first pandemic wave in June 2020 and smal-
ler number of COVID-19 patients allowed health-
care systems to consolidate gradually. The return to
a full scale of the primary function of cardiology per-
sonnel and facilities undoubtedly has contributed to
better detection and treatment of ACS patients.

Although the lockdown has varied between coun-
tries in duration and measures imposed, a substan-
tial reduction of individual, public and economic acti-
vities during the lockdown, some of which may act as
triggers of ACS,'*!! is the only factor that could have
actually reduced the occurrence of ACS events and
enhanced the nadir of ACS admissions (Figure 2).
About 6% of all Mls may be assigned to physical ex-
ertion'® and an additional 4% to moderate physical
activity.”” During the lockdown, fitness centers and
other locations for physical activities in many coun-
tries were temporarily closed and people were re-
quested to stay at home in self-quarantine. Regular
physical activity among older adults was also hamp-
ered by the cancellation of group-based exercise
classes and because participants were reluctant to
participate in group sessions for fear of contracting
the infection.'””! A body of evidence suggests a sig-
nificant decrease in physical activities of all types
among middle-aged and older adults during the pan-
demic.® During the lockdown, public and inter-
national transport was suspended or extremely re-
duced, and the non-commuting work from home pro-
bably has also reduced work-related stress, an addi-
tional well-recognized MI trigger.'*”!

Gradual alleviation of the restrictions by the end
of the pandemic waves and after the lockdowns re-
stored the population exposure to the triggers, prob-
ably contributing to the post nadir rise in ACSs dur-
ing the first wave (Figure 2). However, a reduced
triggering of ACS by physical activities could have
been counterbalanced by adverse effects of social
distancing, uncertainty regarding the future, loneli-

330

ness, loss of job, financial stress, and fear of contact-
ing COVID-19, which have already become additi-
onal important MI triggers.*”

Healthcare providers should further raise aware-
ness of ACS symptoms and encourage healthcare-
seeking behavior. This should reduce the number of
unrecognized cases, delays in action, and conseq-
uent unnecessary OHCA events in all population
subgroups, especially in the elderly. For example,
the UK national campaign to encourage patients ex-
periencing symptoms of ACS to call an ambulance
promptly”” might have contributed to the recovery
in hospital admissions by the end of May 2020."!
Healthy behavior, particularly diet and recreational
habits at home, should be promoted during the cur-
rent unusual pandemic circumstances to reduce the
overall risk of ACS. This is of utmost importance
because the decrease in physical activity during the
pandemic was associated with changes toward a
sedentary lifestyle, and accompanied by an increase
in food and alcohol consumption, body weight, anxi-
ety, depression, general stress levels, and poor qual-
ity of sleep.*#6>71l

There is a consensus that people aged 65 years or
older and upper-risk people below age 65 represent
high-risk groups that should be offered vaccination
with priority. Based on a review of the literature,
Ioannidis provided estimates of the COVID-19 in-
fection case fatality rate by risk group, ranging from
1% in people over 65 years of age, 2% in those over
75 years of age to 25% in institutionalized frail eld-
erly.”?l However, fully vaccinated adults over 65
years of age are 94%, and those partially vaccinated
64% less likely to be hospitalized with COVID-19
than unvaccinated people of the same age.”! Acco-
rdingly, there are big hopes that the adverse effects
of the pandemic in the high-risk older populations
can be largely overcome by achieving timely com-
pletion of vaccination. Vaccinated older people could
be less reluctant to seek help in the presence of ACS
symptoms, and if infected, they should have less
severe COVID-19 disease with a lesser potential to
activate preexisting coronary disease.

The use of statin therapy is a conditio sine qua non
for the treatment of patients with known coronary
artery disease.”*”” Studies on statin use and out-
comes in patients with COVID-19 have produced
conflicting results.” ™ The overall benefit of statins
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in older patients should be carefully weighted, and
possible options include continuation with lower
doses or discontinuation by switching into other
lipid-lowering management.®'!

The question of long-term cardiovascular conse-
quences is particularly intriguing (Figure 3). COVID-
19 is a predominantly respiratory virus with a tend-
ency for myocardial injury and thromboembolic in-
cidents, particularly pulmonary embolism, through
which the infection may compromise both left and
right heart function. In addition to recognized and
unrecognized ACSs, the sequelae of COVID-19 dis-
ease probably will substantially increase the incid-
ence of heart failure, conduction disturbances, and
pulmonary hypertension, particularly in the eld-
erly population (Figure 3).

Fear of acquiring the infection and lockdown mea-
sures favor physical inactivity, sedentary behavior,
weight gain and adverse effects on the psycho-emo-
tional well-being in the elderly.'***”" Eventually,
these trajectories may be expected to independ-
ently increase the number of vulnerable coronary
patients in the population.*” Moreover, given the
observed decline in physical activity levels with in-
creasing age,"®” now coupled with a further decline
during the pandemic, the possibility that older ad-
ults will never reach the pre-pandemic activity levels
is particularly worrisome.*!

The future pandemic trends and transmission dy-
namics process will be determined by multiple re-
gional socioeconomic, lifestyle and cultural factors,
and counter-pandemic public health measures. In
any scenario, the elderly will be the most severely
affected. Every possible measure should be under-
taken to provide better protection for the highly
vulnerable elderly population during the pandemic,
particularly the timely diagnostics and treatment of
ACS.
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