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Abstract

The new infectious disease caused bySARS-CoV-2 virus [COVID-19] is commonly seen in patients with cardiovas-
cular risk factors and cardiovascular diseases [CVDs) that can affect the course of infectious process. At the same
time, the virus can cause additional damage of heart and vessels, lead to cardiovascular complications and aggra-
vate the course of CVDs. This review article presents the main findings on interaction between these pathologies
as well as recommendations for the management of patients with COVID-19 and cardiovascular diseases.
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Covid-19 and cardiovascular diseases:
statistics

According to the available data, the incidence of car-
diovascular risk factors and cardiovascular diseases
(CVDs) is high in patients with COVID-19.The most
common concomitant CVD is arterial hypertension
(AH) (Table 1). However, it is obvious that the results
of the studies highly depend on the region, selection
approaches of patients for hospitalization, as well
as their average age. Obtained data requires further
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systematization, and, therefore, current findings on
the frequency of various cardiovascular risk factors
and CVDs in patients with COVID-19 will be refined
and adjusted in future.

COVID-19 and cardiovascular diseases:
interaction features

Many studies claim that COVID-19 in patients with
CVD is characterized by more severe course and has
Worse prognosis.
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Table 1. The frequency of cardiovascular risk factors and CVDs in patients diagnosed with COVID-19
and admitted to the hospital

Inciardi R.M. Goyal P.et | Cummings M.J. Myers L.C. . Guan W.
etal. [1] al. [2] etal. [3] etal[4] | CuoT-etal.[s] | ShiS.etal.6]| oy )
257 with acute
. hypoxemic 671 with severe
Number of patients 99 393 respiratory 377 187 COVID-19 1099
failure
Consecutive
admissions Consecutive Retrospective | Retrospective | Retrospective
Patient’s selection with admissions, Prospective Retrospective analysis of analysis of analysis of
procedure pneumonia, | retrospective cohort study cohort study electronic electronic electronic
retrospective analysis records records records
analysis
1 hospital 1 hospital I . . . 552 hospitals
bscs | mlewor | ZISAST, | Thuepat | bt || LDl | 030 e
(Italy) (USA) of China
January 23— | January 19— December
- — nd _ -
Period of data collection 4 25§ézhgarch, 3 27;82l\garch, AMa-[c{Lzzm 1-31 g{;zhgarch, February 23d, | February23, | 11"—January
priv 2020 2020 29", 2020
Cardiovascular risk factors (according to the anamnesis)
Age (years) Mean 67,0 Median 62,2 Median 62,0 Mean 61,0 Mean 58,5 Median 63 Median 47,0
13% (including
Smokers 20% 5.1% patients 9.6% 12.6%
who quitted
smoking)
Dyslipidemia 30%
Diabetes mellitus (DM) 31% 25.2% 36% 31.3% 15.0% 14.5% 7.6%
Obesity 23% 35.8%
Chronickidneydisease 15% 14% 12.7% 32% 42% 0.7%
(CKD)
AH 64% 50.1% 63% 43.5% 32.6% 29.7% 15%
Chronic heart failure (CHF) 21% 5.8% 3.3%
Coronary artery disease 16% 13.7% 19% 11.2% 8.9% 25%
(CAD)
Atrial fibrillation (AF) 19 % 1.0%

Retrospective analysis of the data collected from

99 consecutively admitted patients with COVID-19 and
pneumonia with known outcomes during the first 14
days after admission to one of the hospitals in Brescia
(Northern Italy) showed that 53 patients with CVDs (CHF,
AF or CAD) had higher levels of creatinine, NT-proBNP,
high-sensitive cardiac troponin, and procalcitonin [1].
At the same time,these patients initially much more
often received blockers of the renin-angiotensin-
aldosterone system (RAAS), anticoagulants and statins.
As aresult, patients with concomitant CVDs had higher
rates of mortality and septic shock (36 % versus 15%,
p=0.02 and 11% versus 0, p=0.02, respectively), and
also showed tendency for more frequent occurrence of
respiratory distress syndrome, as well as venous and
arterial thrombosis. Mortality increased with age and
also was significantly higher in patients with CHF, CAD,
DM, CKD and with higher level of NT-proBNP, but not
with the history of RAAS blockers and anticoagulants
treatment.

Retrospective analysis of the data from 187
patients at the University Hospital of Wuhan (China)

showed13.3% hospital mortality rate in patients
without CVD and normal cardiac troponin level and
37.5% — in patients with CVD and normal cardiac
troponin level, 69.4% —in patients with combination
of CVD and increased cardiac troponin level [5]. At
the same time, the level of cardiac troponin more
often increased in the elderly patients and patients
with CVDs (54.5% versus 13.2%) and correlated with
the level of C-reactive protein (CRP) and NT-proBNP.
Patients with elevated cardiac troponin levels more
frequently had malignant ventricular arrhythmias
and required mechanical ventilation (MV)

According to the retrospective analysis of the data
from 671 patients admitted with severe COVID-19 to
the University Hospital in Wuhan (China), increased
level of cardiac troponin | was independently
associated with: age, the presence of AH, CAD, CHF
and increased level of CRP [6]. At the same time,
increased cardiac troponin I, as well as increased
level of the MB fraction of creatine phosphokinase
and NT-proBNP, were independent predictors of
hospital mortality. In addition, CAD and chronic heart
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diseases were independent predictors of mortality
according to multivariable regression analysis.

The analysis of the data from 5257 patients with
acute hypoxemic respiratory failure in New York,
revealed the following independent predictors of
hospital mortality: age, CAD or CHF [3].

The results of all these researches
that more severe course of the disease, including
myocardial damage and dysfunction in patients with
COVID-19 and CVDs, can be explained by combination
of reasons.

1. Cardiovascular system damage in patients with
COVID-19.

It was found that endotheliocytes of lungs, small
intestine, kidneys, heart, liver is frequently damaged
in patients with COVID-19 due to direct exposure to
the virus, systemic immune / inflammatory response
and so-called “cytokine storm”, as well as due to
general infectious pathological changes [8-13]. Since
endothelial dysfunction plays important role in the
pathogenesis of CVDs, we can expect aggravation of
its clinical manifestations and / or the occurrence
of complications in such patients. COVID-19 is also
characterized by inflammatory changes in the
myocardium with corresponding
(heart failure, cardiac arrhythmias and conduction

indicate

complications

disorders) [14]. In addition, cardiovascular system
can be damaged due to the progression of existing
CVDs, as well as severe dysfunction of other organs
(lungs, kidneys, liver).

Thrombus formation is activated during COVID-19
that in most severe cases can lead to consumptive
coagulopathy and consumptive thrombohemorrhagic
disorder. [15-18]. These processes contribute to
the appearance of thrombotic / thromboembolic
complications [mainly venous) [19]. In addition,
microangiopathy with inflammation and thrombosis
without thromboembolism has been described in
patients with COVID-19that may be associated not only
with the activation of thrombus formation processes,
but also with the possible direct endothelium damage
by SARS-CoV-2 virus, as well as severe immune
that triggers “immunothrombosis”
[8-10]. It is believed that such changes contribute to
progressive lung damage during COVID-19. These
data also confirm the hypothesis of atherosclerotic
plaques destabilization and increased risk of "typical”
atherothrombotic complications in patients with
COVID-19.

The data on incidence of thrombotic / thrombo-
embolic complications in admitted patients with
COVID-19 are presented in Table 2. The true incidence

inflammation

Table 2. Thrombotic / thromboembolic complications in admitted patients with COVID-19

Thrombosis prevention,

Patient contingent heparin dose

Total number of thrombotic/

Deep vein thrombosis
(DVT) in the lower

e Other thrombosis
extremities / pulmonary

thromboembolic
complications

37% in ICUrequiring MV.
DU/CT due to clinical
manifestations [22]

In all patients (doses close
to intermediate)

embolism (PE)
388 (362closed cases), 16% lschemic stroke
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0 0,
143 patients, 74.2% with severe D:/Ozﬁ;l]/‘)_[gi'g$
disease course 37.1% P S

with prevention, 63.3%
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Not known; 79.3 % of
patients with confirmed
pulmonary embolism
received preventive doses
of low-molecular-weight
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452 patients, CT due to clinical
manifestations [25]

PE 6.4%
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of such complications, as well as the effectiveness
of different approaches for its prevention, is
currently difficult to assess due to significant
differences between conducted studies — mainly
retrospective studies (databases, medical records
analysis), different disease severity in included
patients, different approaches for preventionand
diagnosis of thrombosis / thromboembolism
(usually studies include only patients with clinical
manifestations). However, it is obvious that the risk
of venous thromboembolic complications increases
with disease severity and additional risk factors
accumulation.

2. Modification of CVD treatment in patients with
COVID-19.

Discontinuation or significant reduction in doses of
CVD treatment in patients with COVID-19 has poten-
tially adverse consequences and increases the risk of
CVD complications. Such medications include: RAAS
inhibitors and beta-blockers in patients with CHF with
reduced left ventricular ejection fraction, myocardial
ischemia control agents, including antiarrhythmic
therapy to prevent life-threatening or severe heart
rhythm disturbances in patients with the history of
myocardial infarction, antihypertensive treatment in
patients with arterial hypertension.

3. Cardiotoxicity of medications used for COVID-19
prevention and treatment.

4. The impact of COVID-19 on health services and
lack of resources for timely CVD treatment.

Inaddition to the lack of resources for the treatment
of non-communicable diseases during COVID-19
pandemic, modern (especially invasive] methods for
CVD diagnosis and treatment are limited, that is as-
sociated with anti-epidemic measures, reduction of
contacts with potentially infected patients and limited
examinations due to increased risk of contamination.
For example, experts from the European Society of
Cardiology proposed to increase the amount of time
before primary percutaneous coronary intervention in
patients with ACS with persistent ST-segment eleva-
tion to 60 minutes that will potentially increase mor-
tality, especially in the first hours after the M| onset
[14].

5. Psychological consequences of the COVID-19
pandemic associated with quarantine, increased
stress level and the fear of hospitals due to possible
COVID-19 contamination (including patients with
acute CVD manifestations).

The number of hospitalizations for Ml significantly
decreased in Northern California from January 1 to

April 14, 2019 compared with 2020 and correlated
with the number of COVID-19 cases [26]. A similar
pattern of Ml hospitalizations was noted in northern
Italy [27]. In one of the regions of Italy the number of
percutaneous coronary interventions for acute coro-
nary syndromes (per 100,000 inhabitants) decreased
by 32% during the COVID-19 outbreak compared with
4 weeks before the beginning of the epidemic and de-
creased by 50% in the last 2 weeks of the observa-
tion period (when the number of diagnosed COVID-19
cases increased) [28]. This decrease was especially
pronounced in patients aged over 55 years old.

According to multicenter national registry of pa-
tients who were admitted to intensive care units in
Italy, from March 12 to 19 during the COVID-19 pan-
demic the number of hospitalizations for MI signifi-
cantly decreased by 48% compared with the same
week in 2019 (Ml with ST segment elevation on the
electrocardiography (ECG) — by 26.5%, Ml without ST
segment elevation on the ECG — by 65.1%), and this
pattern was observed in all regions of the country
(northern, central and southern) [29]. At the same
time mortality rate (relative risk (RR) 3.3; p <0.001)
and the frequency of most severe complications —
cardiogenic shock, life-threatening arrhythmias,
myocardial rupture and severe mitral regurgitation,
significantly increased (RR 1.8; p=0.009). However,
mortality rate in patients with Ml with ST segment el-
evation on ECG did not increase, when severe compli-
cations occurred more frequently (RR 2.1; p=0.037).
The frequency of coronary angiography did not de-
crease (94.9 and 94.5%, respectively). The number of
hospitalizations for heart failure (by — 46.8 %) and AF
(by — 53.4 %) significantly decreased.

The reasons for this phenomenon are being ana-
lyzed and include both lack of health care system re-
sources and the fear of patients to stay at the hospital
and, therefore, the admission of patients with worst
prognosis. The rate of hospitalization refusal and
their outcomes are worth further investigation.

6. Possible prehospital sudden death rate increase.

The analysis showed that the frequency of cardiac
death increased by 52 % outside the hospitalin 4 prov-
inces of Italy in the Lombardy region from February
21 to April 20, 2020 compared with the same period
in 2019 [30]. At the same time, emergency medical
teams arrived later in 2020 (15 minutes versus 12
minutes in 2019; p <0.001) and less often restored
spontaneous circulation (8.6 versus 19.8% in 2019;
p <0.001). Proven or possible COVID-19 disease was
reported in 74 % of prehospital circulatory arrest cas-
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es. During the COVID-19 epidemic the frequency of
visits for medical care increased by 94.1 %, while the
number of visits due to Ml with ST segment elevation
decreased by 40.2%. This may be the consequence of
COVID-19 severe clinical manifestations (including in
combination with CVD).

Features of cardiovascular diseases
diagnosis during COVID-19 pandemic
The approaches to CVD diagnosis during COVID-19
pandemic remain the same. At the same time, sched-
uled diagnostic procedures may be postponed until
pandemic’s end in order to reduce the risk of infection
transmission and protect healthcare workers.
Patients with severe course of COVID-19 may need
additional differentiation of infectious disease pro-
gression from the onset of CVD or its complications.
For example, D-dimer blood concentration increases
in patients with COVID-19 that indicates disease pro-
gression and poor prognosis, but not always throm-
botic / thromboembolic complications [31,32].
Differential diagnosis of increased cardiac tropo-
nin blood level that indicates cardiomyocytes damage
is another issue of special concern [11,12]. It can be
explained by the occurrence of ischemic myocardial
necrosis due to atherothrombosis that lead to myo-
cardial infarction, or myocardium oxygenation im-
balance due to hypoxia, hypotension, tachyarrhyth-
mia, etc. (that lead to type 2 MI). In addition, patients
with COVID-19 showed other, non-ischemic causes
of myocardial damage (necrosis) —myocarditis, mi-
croangiopathy with inflammation and thrombosis,
takotsubo /stress cardiomyopathy, general infectious
process consequences (for example, myocardial
damage in patients with sepsis], massive pulmonary
embolism. The detection of the cause is essential for
the choice of patient treatment strategy (for example,
the dual antiplatelet therapy in patients with acute
coronary syndrome and additional anticoagulant in
patients without type 1 myocardial infarction may be
excessive). Obviously, myocardial damage with vari-
ous manifestations / complications is associated with
more severe course of COVID-19.

Features of CVD prevention and treatment
during the COVID-19 pandemic

Patients with COVID-19 need to follow standard (rec-
ommended] approaches for prevention and treat-
ment of CVD. This is especially important during
the COVID-19 pandemic, since an infectious disease
contributes to additional cardiovascular system dam-

age and aggravates the course of existing CVDs.
However, it was recommended to limit instrumental
investigations (especially invasive) and treatment of
CVD in patients with less severe cases, when it will
not lead to clinical course and prognosis deteriora-
tion, in order to reduce the spread of infection and
to protect healthcare workers [14]. At the same time,
hospitals should attempt to distinguish patients with
suspicious or diagnosed COVID-19 and documented
absence of the disease [14]. However, the data re-
vealed that existing COVID-19diagnostic methods are
limited, especially on early stages. As a result, all ad-
mitted patients should be considered potential carri-
ers of the SARS-CoV-2 virus until proven otherwise.
Unfortunately, this can be time-consuming, while the
treatment of the CVDs cannot be postponed.

When treating patients with CVD and COVID-19,
drug interactions should be considered. Such infor-
mation is published by the group on drug interactions
of the University of Liverpool [33], as well as present-
ed in documents prepared by other expert groups
[14,16].

It is not clear yet if CVD treatment can affect the
incidence and severity of COVID-19. Thus, a wide
discussion on the possible role of ACE inhibitors/
angiotensin receptor blockers did not reveal any un-
ambiguous answer: on the one hand, according to
pathophysiology, patients who receive ACE inhibitors/
angiotensin receptor blockers should have more se-
vere course of COVID-19, on the other hand, there are
clinical evidences of neutral and even positive effect
of this group of medications on the course of the dis-
ease [1, 5, 29, 34-42]. Some studies also showed low-
er hospital mortality rate in patients with COVID-19
who received statins [29, 43]. At the same time, it
should be noted that these data were obtained from
retrospective analysis and are not reliable enough
from the perspective of evidence-based medicine.

According to available data on the COVID-19 patho-
genesis, it is recommended to use heparin (prefer-
ably low molecular weight) in all admitted patients
for deep vein thrombosis prevention, with the possi-
bility intermediate dose titration (aboveusual preven-
tive, but below therapeutic) or even therapeutic, in
patients with low risk of bleeding [16, 44-46]. There
is no consensus on the optimal dose of anticoagu-
lants in patients with COVID-19, but many specialists
recommend higher (at least intermediate) doses in
patients with severe disease course, when expected
frequency of thrombosis / thromboembolism is high,
and microvascular thrombosis can be suspected.
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However, high doses of anticoagulants can cause
hemorrhage into the lung tissue with hemorrhagic
pneumonitis in patients on mechanical ventilation
[47, 48]. Verified thrombotic / thromboembolic com-
plication is an indication for therapeutic doses of an-
ticoagulants, however, in clinical practice, they can be
used in patients with suspicious clinical symptoms
when instrumental examination is not available or
is postponed [16, 44-46]. One of the arguments for
heparin administration in patients with COVID-19 is
its pleiotropic and anti-inflammatory effect [49].

Antithrombotic treatment discontinuation due to
drug interactions or thrombohemorrhagic syndrome
development with consumption coagulopathy can
lead to adverse consequences. In particular, is not
recommended to use antiplatelet agents in patients
with low platelet count [15,16]. Due to significant
change of antithrombotic activity of clopidogrel (de-
crease) and ticagrelor (increase), they are not rec-
ommended to be prescribed together with lopinavir /
ritonavir [16].

Some medications that are used to treat COVID-19
can have adverse cardiovascular effects, especially
in patients with CVD. For example, chloroquine / hy-
droxychloroquine can prolong the QT interval and
contribute to the occurrence of ventricular arrhyth-
mias, as well as, heart blocks [14]. The length of QT
can increase even more when chloroquine / hydroxy-
chloroquine is used together with azithromycin [50].

Before administration of medications that pro-
long QT interval, experts of the European Society of
Cardiology recommend to assess the presence of
other risk factors (congenital long QT syndrome, oth-
er medications that prolong the QT interval, female
gender, age over 65 years, the presence of structural
heart disease —reduced left ventricular contractility
and myocardial hypertrophy, bradycardia with heart
rate below 50 beats per minute, the presence of

References

1. Inciardi R.M., Adamo M., Lupi L. et al. Characteristics and
outcomes of patients hospitalized for COVID-19 and cardiac
disease in Northern Italy. European Heart Journal. 2020; 41,
1821-1829.

2. Goyal P, Choi J.J., Pinheiro L.C. et al. Clinical Characteristics
of Covid-19 in New York City. N Engl J Med. 2020.

3. Cummings M.J., Baldwin M.R, Abrams D. et al. Epidemiology,
clinical course, and outcomes of critically ill adults with
COVID-19 in New York City: a prospective cohort study. Lancet.
2020.

chronic renal failure, hepatic failure, as well as elec-
trolyte disorders —hypokalemia, hypomagnesemia,
hypocalcemia) [14]. All reversible risk of QT interval
prolongation and ventricular arrhythmias should be
eliminated before the beginning of the treatment. It is
also necessary to monitor the ECG with the assess-
ment of the corrected QT interval that should not ex-
ceed 500 m/s (or 550 m/s with QRS complex width
over 120 m/s) and should not lengthen by over 60 m/s
during treatment [14]. It is also recommended to pay
particular attention to patients with clinical manifes-
tations of the arrhythmia’s onset, as well as patients
with vomiting, diarrhea, signs of heart or respiratory
failure, and other organs dysfunction.

It is essential to timely suspect the occurrence
of CVD aggravation and adjust treatment strategy
in patients with COVID-19. After the recovery from
COVID-19, it is important to assess its consequences
for the cardiovascular system and adjust the treat-
ment, focusing on existing approaches for the man-
agement and prevention of various CVDs [there are
no specific interventions for patients with COVID-19).

Conclusion

Thus, the COVID-19 adversely affects the course of
CVD and vice versa. Therefore, on the one hand, it
is essential to maintain effective approaches for the
prevention and treatment of cardiovascular compli-
cations, on the other hand, to be prepared for more
severe course of COVID-19 in such patients. It is nec-
essary to involve the most experienced healthcare
professionals for their treatment, who can prevent,
recognize and treat not only the new infectious dis-
ease and its complications, but also cardiovascular
pathology.

Conflict of interests: None declared.

4. Myers L.C., Parodi S.M., Escobar G.J., Liu V.X. Characteristics
of Hospitalized Adults With COVID-1%in an Integrated Health
Care System in California. JAMA. 2020.

5. Guo T, Fan Y., Chen M. et al. Cardiovascular Implications
of Fatal Outcomes of Patients With Coronavirus Disease
2019 (COVID-19). JAMA Cardiol. 2020.

6. Shi S, Qin M., Cai Y. et al. Characteristics and clinical signifi-
cance of myocardial injury in patients with severe coronavirus
disease 2019. Eur Heart J. 2020.



Yavelov |.S. COVID-19 and cardiovascular diseases

20.

21.

Guan W., Ni Z., Hu Y. et al., for the China Medical Treatment
Expert for Covid-19.
Coronavirus Disease 2019 in China. N Engl J Med. 2020.

Group Clinical Characteristics of

. Ackermann M., Verleden S.E., Kuehnel M. Pulmonary Vascular

Endothelialitis, Thrombosis, and Angiogenesis in Covid-19. N
Engl J Med. 2020.

. Lax S.F., Skok K., Zechner P. et al. Pulmonary Arterial

Thrombosis in COVID-19 With Fatal Outcome: Results From a
Prospective, Single-Center, Clinicopathologic Case Series. Ann
Intern Med. 2020.

. Varga Z., Flammer A.J., Steiger P. Endothelial cell infection and

endotheliitis in COVID-19. Lancet. 2020.

. Tersalvi G., Vicenzi M., Calabretta D. et al. Elevated troponin in

patients with Coronavirus Disease 2019 (COVID-19): possible

mechanisms. Catdiac Fail. 2020.

. Chapman A.R., Bularga A, Mills N.L. High-Sensitivity Cardiac

Troponin Can Be An Ally in the Fight Against COVID-19.
Circulation. 2020.

. Masi P., Hékimian G., Lejeune M., et al. Systemic Inflammatory

Response Syndrome is a Major Contributor to COVID-19-
Associated Coagulopathy: Insights from a Prospective Single-

Center Cohort Study.

. ESC Guidance for the Diagnosis and Management of

CV Disease during the COVID-19 Pandemic. https://www.es-
cardio.org/Education/COVID-19-and-Cardiology/ESC -COVID-
19-Guidance.

. Thachil J., Tang N., Gando S. et al. ISTH interim guidance on

recognition and management of coagulopathy in COVID-19. J
Thromb Haemost. 2020.

. Bikdeli B., Madhavan M.V., Jimenez D. et al. COVID-19 and

Thrombotic or Thromboembolic Disease: Implications for
Prevention, Antithrombotic Therapy, and Follow-up. JACC.
2020.

. Levi M., Thachil J., Iba T., Levy J.H. Coagulation abnormalities

and thrombosis in patients with COVID-19. Lancet Haematol.
2020.

. Becker R.C. COVID19 update: Covid19 associated coagulopa-

thy. J ThrombThrombolys. 2020.

. Edler C., Schroder A.S., Aepfelbacher M., et al. Dying with

SARS-CoV-2 infection —an autopsy study of the first consec-
utive 80 cases in Hamburg, Germany. Intern J of Legal Med.
2020.

Lodigiani C., lapichino G., Carenzo L. et al., on behalf of the
Humanitas COVID-19 Task Force. Venous and arterial throm-
boembolic complications in COVID-19 patients admitted to an
academic hospital in Milan, Italy. Thromb Res. 2020; 191: 9-14.
Klok F.A., Kruip M.J.H.A., van der Meer N.J.M. et al. Incidence
of thrombotic complications in critically ill ICU patients with
COVID-19. Thromb Res. 2020.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Middeldorp S., Coppens M., Van Haaps T.F. et al. Incidence
of Venous Thromboembolism in Hospitalized Patients with
COVID-19.

Cui S., Chen S., Li X. et al. Prevalence of venous thromboem-
bolism in patients with severe novel coronavirus pneumonia. J
Thromb Haemost. 2020.

Zhang L. et al. Deep Vein Thrombosis in Hospitalized Patients
with Coronavirus Disease 2019 (COVID-19) in Wuhan, China:
Prevalence, Risk Factors, and Outcome. Circulation. 2020.
Mestre Gomez B., Lorente Ramos R.M., Rogado J., et al,,
on behalf of Infanta Leonor Thrombosis Research Group.
Incidence of pulmonary embolism in non-critically ill COVID-19
patients. Predicting factors for a challenging diagnosis. J
ThrombThrombolys. 2020.

Solomon M.D., McNulty E.J., Rana J.S. et al. The Covid-19
Pandemic and the Incidence of Acute Myocardial Infarction. N
Engl J Med. 2020.

De Filippo O., D’Ascenzo F., Angelini F. et al. Reduced rate
of hospital admissions for ACS during Covid-19 outbreak in
northern Italy. N Engl J Med. 2020.

Piccolo R., Esposito G. Population Trends in Rates of
Percutaneous Coronary Revascularization for Acute Coronary
Syndromes Associated With the COVID-19 Outbreak.
Circulation. 2020; 141: 2035-2037.

De Rosa S., Spaccarotella C., Basso C. et al.; on behalf of
Societa Italiana di Cardiologia and the CCU Academy investiga-
tors group. Reduction of hospitalizations for myocardial infarc-
tion in Italy in the COVID-19 era. Eur Heart J. 2020.

Baldi E., Sechi G.M., Mare C., et al., on behalf of the Lombardia
CARe researchers. COVID-19 kills at home: the close relation-
ship between the epidemic and the increase of out-of-hospital
cardiac arrests. Eur Heart J. 2020.

Zhang L., Feng X., Zhang D. et al. Deep Vein Thrombosis
in  Hospitalized Patients with  Coronavirus Disease
2019 (COVID-19) in Wuhan, China: Prevalence, Risk Factors,
and Outcome. Circulation. 2020.

Cui S., Chen S, Li X, Liu S., Wang F. Prevalence of venous
thromboembolism in patients with severe novel coronavirus
pneumonia. J Thromb Haemost. 2020.

Liverpool Drug Interaction Group. Interactions with
Experimental COVID-19 Therapies. https://www.covid19-dru-
ginteractions.org/

Mackey K., King V.J., Gurley S. et al. Risks and Impact of
Angiotensin-Converting Enzyme Inhibitors or Angiotensin-
Receptor Blockers on SARS-CoV-2 Infection in Adults. A Living
Systematic Review. Ann Intern Med. 2020.

Zhang P., Zhu L., Cai J. et al. Association of Inpatient Use of
Angiotensin Converting Enzyme Inhibitors and Angiotensin
II' Receptor Blockers with Mortality Among Patients With

Hypertension Hospitalized With COVID-19.



10

International Heart and Vascular Disease Journal. Volume 8, N® 27, September 2020. Leading Article

36.

37.

38.

39.

40.

41.

42.

43.

Kuster G.M., Pfister 0., Burkard T. et al. SARS-CoV2: should
inhibitors of the renin-angiotensin systembe withdrawn in pa-
tients with COVID-19? Eur Heart J. 2020; 41: 1801-1803.
Vaduganathan M., Vardeny 0., Michel T. et al. Renin-
Angiotensin -Aldosterone System Inhibitors in Patients with
Covid-19. N Engl J Med. 2020; 382: 1653-1659.

Mehta N., Kalra A., Nowacki A.S. Association of Use of
Angiotensin-Converting Enzyme Inhibitors and Angiotensin
Il Receptor Blockers With Testing Positive for Coronavirus
Disease 2019 (COVID-19). JAMA Cardiol. 2020.

Fosbgl E.L., Butt J.H., @stergaard L., et al. Association of
Angiotensin-Converting Enzyme
Receptor Blocker Use With COVID-19 Diagnosis and Mortality.
JAMA. 2020.

Inhibitor or Angiotensin

Mancia G., Rea F., Ludergnani M., et al. Renin-Angiotensin -
Aldosterone System Blockers and the Risk of Covid-19. N Engl
J Med. 2020; 382: 2431-2440.

Li J., Wang X, Chen J., et al. Association of Renin-
Angiotensin System Inhibitors With Severity or Risk of Death
in Patients With Hypertension Hospitalized for Coronavirus
Disease 2019 (COVID-19) Infection in Wuhan, China. JAMA
CARDIOL 2020.

Flacco M.E., Martellucci C.A., Bravi F.,, et al. Treatment with
ACE inhibitors or ARBs and risk of severe/lethal COVID-19: a
meta-analysis. Heart 2020.

Zhang X.-J., Qin J.-J., Ch X., et al. In-hospital Use of Statins is
Associated with a Reduced Risk of Mortality among Individuals
with COVID-19. Cell Metab. 2020.

4b,

45.

46.

47.

48.

49.

50.

Spyropoulos A.C., Levy J.H., Ageno W., et al. Scientific and
Standardization Committee Communication: Clinical Guidance
on the Diagnosis, Prevention and Treatment of Venous
Thromboembolism in Hospitalized Patients with COVID-19. J
ThrombHaemost. 2020.

Moores L.K., Tritschler T., Brosnahan S., et al. Prevention,
Diagnosis, and Treatment of VTE in Patients With COVID-19.
CHEST Guideline and Expert Panel Report. Chest. 2020.
COVID-19 Treatment Guidelines Panel. Coronavirus Disease
2019 (COVID-19) Treatment Guidelines. National Institutes of
Health. Available at https://www.covid19treatmentguidelines.
nih.gov/

Obi A.T., Barnes G.D., Wakefield T.W., et al. Practical diagnosis
and treatment of suspected venous thromboembolism during
COVID-19 pandemic. Vasc Surg: Venous and Lym Dis. 2020.
Pathology of COVID-19: Atlas / 0.V. Zayratyants, M.V.
Samsonova, L.M. Mikhaleva, A.L. Chernyaev, 0.D. Mishney,
N.M. Krupnov, D.V. Kalinin; 0.V. Zayratyants ed.M.: GBU
"NII0ZMM DZM", 2020. 140 p. Russian.

Thachil J. The versatile heparin in COVID-19. J Thromb
Haemost. 2020.

Mercuro N.J., Yen C.F., Shim D.J. et al. Risk of QT Interval
Prolongation Associated With Use of Hydroxychloroquine
With  or  Without Concomitant Azithromycin Among
Hospitalized Patients Testing Positive for Coronavirus Disease

2019 (COVID-19). JAMA Cardiol. 2020.



