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Abstract
COVID-19 pandemic has negatively impacted the management of patients with acute and chronic cardiovascular disease: 
acute coronary syndrome patients were often not timely reperfused, heart failure patients not adequately followed up and 
titrated, atrial arrhythmias not efficaciously treated and became chronic. New phenotypes of cardiovascular patients were 
more and more frequent during COVID-19 pandemic and are expected to be even more frequent in the next future in the new 
world shaped by the pandemic. We therefore aimed to briefly summarize the main changes in the phenotype of cardiovascular 
patients in the COVID-19 era, focusing on new clinical challenges and possible therapeutic options.
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Introduction

What’s Happening to Patients with Cardiovascular 
Disease during the Pandemic of COVID‑19

During the COVID-19 pandemic, fear and anxiety are two 
important emotional aspects to consider when analyzing 
changes in cardiology practice. Media hype, stay-at-home 
mandates, and fear of in-hospital contagion discouraged 
too many patients from accessing emergency medical ser-
vices and ambulatory care, even in case of severe cardio-
vascular conditions. The transformation of many hospital 
wards into COVID-19 units and the adoption of protocols 
against contagion with the deferral of non-urgent hospital-
izations and ambulatory access, induced in many patients 
with complex disease, such those with cardiovascular, 
metabolic, and rheumatologic disease, a sense of being 
left to oneself.

COVID-19 pandemic has negatively affected also the 
management of patients with acute cardiovascular disease 
(CVD), especially those with acute coronary syndromes 
(ACS). De Rosa et al. [1] showed in a multicenter, nation-
wide survey a 48% reduction of AMI admissions during the 
week 12–19 March 2020, compared to the same period in 
2019. The reduction for non-ST elevation myocardial infarc-
tion (NSTEMI) admissions was higher than for ST elevation 
myocardial infarction (STEMI) (65% vs 26%). Piccolo et al. 
[2] found a 32% decline in the number of coronary angio-
plasties (PCIs) for ACS with in data from 20 PCI centers 
comparing the 4 weeks before the outbreak of pandemic in 
Italy (from January 30 to March 26, 2020) with the follow-
ing 4 weeks. Moreover, the decline in PCI rates was similar 
when compared to the same period of 2019 (36–38%). Sig-
nificant delays from symptom onset to first medical contact 
and from medical contact to coronary revascularization have 
been reported in patients with acute myocardial infarction 
(AMI) [3]. A dramatic reduction of telemedicine access for 
CVD was observed in March 2020 in Italy compared with 
March 2019. The reduction was substantially consistent for 
all electrocardiogram findings, ACS, other acute CVD and 
normal [4]. This can be presumably explained by the fear of 
in-hospital contagion, a congestion of the emergency system 
overwhelmed by COVID-19 patients and an implementation 
of precautionary measures against contagion, leading to an 
increase in STEMI case fatality and major complications.

Main Cardiovascular Complications after COVID‑19 
Disease

Patients with CVD are more susceptible to COVID-19 
and have a more severe clinical course once infected. 

The cardiac manifestations of COVID-19 include cardiac 
arrhythmias, myocarditis, pericarditis, ACS, heart failure 
(HF), cardiogenic shock, and cardiac arrest [5, 6]. All 
these conditions can precede and occur in absence of pul-
monary or other types of complications, long after viral 
clearance and recovery, and be more associated with mor-
tality than does respiratory disease [7, 8].

In patients with COVID-19 known conduction system or 
sinus node disease or new-onset high degree AV block or 
sinus node dysfunction, may occur and exacerbate, mainly 
in case of myocardial involvement [9]. Other mechanisms 
of AV block in COVID-19 may be vagally mediated due to 
neuroinvasion or hypoxia [10]. Toniolo et al. [11] observed, 
in March 2020, a higher proportion of pacemaker implanta-
tions for syncope compared to the same period of 2019.

In a retrospective study, heart palpitations were reported 
as an initial symptom in 7.3% of patients admitted with 
diagnosis of COVID-19 [12]. Atrial fibrillation was the 
most frequent sustained arrhythmia, being reported in 17% 
of COVID-19 patients during hospitalization. In hospital 
malignant ventricular arrhythmias (sustained ventricular 
tachycardia or fibrillation) occurred in 5.9% of COVID-19 
patients and were more frequent in patients with elevated 
troponin levels [13]. New-onset malignant ventricular 
arrhythmia may be therefore considered a marker of acute 
myocardial injury.

SARS-CoV-2 may induce the activation of the coagu-
lation cascade, leading sometimes to severe hypercoagula-
bility, platelet activation, endothelial dysfunction, or vaso-
constriction, with consequent venous thromboembolism, cor 
pulmonale, systemic and pulmonary arterial thrombosis and 
embolism, ischemic stroke, and myocardial infarction (AMI) 
[14–17].

Another initial presentation of COVID-19 infection is 
ACS, either as STEMI or NSTEMI/unstable angina [18–20]. 
Myocardial ischemia and AMI could be secondary to plaque 
rupture triggered by a virus-induced stress response or from 
thrombosis secondary to hypercoagulability [21]. Increased 
heart rate, hypoxia, and hypotension may precipitate an 
ischemia–supply imbalance in patients with coronary artery 
disease (CAD), but also potentially in those with cardiac 
hypertrophy and microvascular dysfunction [22].

In patients with COVID-19 infection, myocardial injury, 
defined as elevation in cardiac troponin concentration above 
the 99th percentile of upper reference limit, could be mul-
tifactorial and include atherosclerotic plaque rupture, coro-
nary vasospasm, hypoxic injury to the vasculature, direct 
endothelial, or formation of microthrombi [23]. Myocardial 
injury and fulminant myocarditis can occur from direct 
viremic effect on the myocardial cells and secondary effects 
from the body’s hyperimmune response to the virus and 
overall systemic inflammatory response without direct viral 
infiltration [24, 25].
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Elevated cytokine levels can also lead to myocardial 
injury and predispose to atrial and ventricular arrhythmias 
[26]. Increased levels of inflammatory cytokines and respira-
tory distress can exacerbate pre-existing left ventricular (LV) 
dysfunction or lead to a new onset cardiomyopathy. Myo-
carditis, stress cardiomyopathy, or myocardial ischemia may 
underlie new onset LV dysfunction. Right ventricular (RV) 
HF may occur following elevated pulmonary artery pressure 
after pulmonary complications [27]. In early stages, exac-
erbation of HF with preserved ejection fraction (HFpEF) 
can occur after aggressive fluid resuscitation attempts, and, 
in later stages of the disease, in case of raised cytokine lev-
els, acute systolic HF leading to cardiogenic shock has been 
reported [25].

Patients with HF are at a higher risk of severe disease 
and mortality in case of COVID-19 [28]. Symptoms of both 
conditions may overlap and enhance each other. Even after 
the negative molecular test for SARS-Cov-2 search, several 
COVID-19 patients complain of dyspnea for a long time. 
In older patients with pre-existing CAD, HF may be caused 
by worsening demand–supply balance, while myocarditis is 
more likely the cause in younger patients [29].

An impaired blood pressure regulation may occur in criti-
cally ill patients, manifesting with either profound hypoten-
sion or hypertension; whether this is a reaction to the illness 
or a sign of potential derangements in ACE2 expression is 
still unclear [30, 31]. Current data suggests that CVD, car-
diac manifestations, and cardiac injury in COVID-19 are 
clinically relevant predictors of overall disease severity and 
mortality [32].

Changing Phenotypes in Cardiovascular 
Diseases after COVID‑19 Pandemic

Coronary Artery Disease

Stefanini et al. [33] demonstrated that up to 60% of STEMI 
patients affected by COVID-19 had true-culprit lesion ves-
sel disease, while the remaining part just mimed the STEMI 
condition. In this latter group of patients, it was very hard 
to ascertain whether the STEMI-like clinical presentation 
was caused by a type-2 AMI, a myocarditis subsequent to 
SARS-CoV-2 infection, the SARS-CoV-2-related endothe-
lial dysfunction, or a cytokine storm. COVID-19 patients, 
either (true) STEMI or not, actually need to be followed up 
to define the correct diagnosis but also to prevent and early 
diagnose severe cardiac involvement and damage. During 
the COVID-19 pandemic, there was a more than threefold 
increase in mortality from STEMI and a significant increase 
in out-of-hospital cardiac arrests [34]. The lack of appro-
priate and timely revascularization for patients with ACS 
might have other important clinical consequences, not yet 

measured, including increased risk for HF or sudden cardiac 
death (SCD) [2]. Cammalleri et al. [35] observed a 63% 
reduction of patients with STEMI admitted to cath labs, a 
higher prevalence of patients with TIMI flow ≤ 2 at the end 
of PCI procedures, and a greater use of glycoprotein IIb/IIa 
inhibitors from 1 to 31 March 2020, compared to the same 
period of 2019. Lower LVEF at baseline and at discharge 
and longer hospital stay were also observed. Given that non-
revascularized patients are more likely to develop worse ven-
tricular remodelling after ACS, more severe phenotypes of 
HF, more symptomatic, and earlier-onset cases of HF are to 
be expected [36]. Delayed reperfusion increases CAD com-
plications, ventricular arrhythmia, systolic disfunction, car-
diac arrest, and higher mortality. CV risk factors and other 
comorbidities negatively affect clinical outcome [37].

Heart Failure

Patients with HF are at a higher risk of severe disease and 
mortality with COVID-19 [28], and the overall manage-
ment of HF patients was dramatically affected by COVID-
19. Symptoms of both conditions may overlap and they 
may potentiate each other. Furthermore, patients even after 
the negative test for SARS-Cov-2 complain of dyspnea for 
a long time [38]. Treating HF patients after SARS-Cov-2 
infection may represent a challenging task. A significant 
decline in hospitalization rates for acute HF during the 
COVID-19 pandemic is described as a consequence of the 
fear for infection [39].

The number of HF hospitalizations was significantly 
reduced during the COVID-19 pandemic, compared to 2019 
(p < 0.001); in-hospital mortality was significantly higher in 
2020 than in 2019 (p = 0.015) [40].

Remarkably, hospitalized patients had more severe symp-
toms on admission, possibly suggesting longer decision time 
before hospital access or missing less severe cases. General 
and partial lockdown surely limited SARS-CoV-2 contagion, 
but also medical contacts and care. Regular follow-up vis-
its for HF patients were delayed or deleted, leading to later 
diagnosis and treatment of episodes of decompensation and 
missed opportunities for the optimization of medical and 
nonmedical therapy. This potential undertreatment of HF 
may impact long-term prognosis [41]. Close monitoring of 
electrolyte and renal function is critical to safe dose adjust-
ment of guideline-directed therapies for HF with reduced 
ejection fraction and diuretics [42]. Lifestyle changes dur-
ing lockdown, such as dietary changes, increased alcohol 
consumption, and decreased physical activity, may increase 
episodes of HF decompensations [43, 44]. The postpone-
ment and cancellation of elective diagnostic and therapeutic 
procedures blocked the work-up of patients with advanced 
HF awaiting a LVAD or heart transplantation (HT) [15, 45], 
with predictable long-term negative consequences [39]. 

343Cardiovascular Drugs and Therapy (2023) 37:341–351



1 3

Patients undergoing LVAD/HT evaluation may experience 
delays in listing and/or surgery leading to worsening nutri-
tional, functional, or hemodynamic status. As a result, the 
future incidence, prevalence, and severity of HF are rea-
sonably expected to increase, with expected new phenotype 
of HF patients [39] (higher percentage of patients refrac-
tory to standard HF therapies, with more advanced NYHA 
functional class, with lower mean values of LVEF and more 
frequent patterns of advanced diastolic dysfunction and 
RV systolic dysfunction, uncontrolled comorbidities and 
higher percentage of non-target ACE-i/ARBs/ARNI dos-
age patients).

Arrhythmias

The arrhythmic risk in COVID-19 patients seems to be 
related to several factors as increased sympathetic activity, 
systemic inflammatory response, and myocardial injury. 
These substrates can predispose to both atrial and ventricu-
lar arrhythmias [46]. Quarantine limitations may induce a 
chronic stress condition that activates the sympathetic sys-
tem and promotes a neuroendocrine dysregulation which 
might precipitate the occurrence of arrhythmias [47]. Sev-
eral studies have shown a positive correlation between psy-
chosocial stressors and arrhythmias [48]. The psychological 
impact of COVID-19 pandemic on patients with arrythmias 
was significant. Not-urgent procedures were postponed and 
routine outpatient visits were either cancelled or remotely 
held [49]. The lower admission rate for atrial fibrillation 
(53.4%) was observed [1]. A significant increase in sudden 
cardiac death (SCD) events (58%) was reported in northern 
Italy, and this was attributed to late complications of AMI 
or ischemia [43, 50].

The current reduction in CV admissions and routine out-
patient activity might be followed by two profoundly dif-
ferent phenomena: either a rebound of patients with cardio-
vascular conditions requiring intensive treatment, or a more 
blunted recovery [44]. An increase in arrhythmic phenom-
ena in the next months due to higher stress levels and an 
unhealthy lifestyle [43] and an increase in hospitalizations 
for HF decompensation due to AF and tachyarrhythmias not 
treated in the previous months is expected after COVID-19. 
The reduced treatment of atrial arrhythmias in recent months 
[51] could favor a chronicization of these arrhythmias in 
the next future. New-onset AF in a patient with established 
HF is associated with a worse outcome, probably because a 
marker of a worse clinical conditions and directly impairing 
cardiac function; patients with chronic HF and permanent 
AF show a worse outcome than those in sinus rhythm [52]. 
New recommendations electrophysiology and implantable 
device procedures have been issued by the ESC for the diag-
nosis and management of CV disease during the COVID-19 
pandemic [53]. For monitoring and follow-up of patients 

with cardiac implantable devices, remote monitoring should 
be utilized as much as possible; elective ablation and car-
diac device implantation procedures should be postponed 
and urgent procedures should only be performed in excep-
tional cases after careful consideration of all pharmacologi-
cal treatment options. In hospitalized patients with AF/atrial 
flutter without hemodynamic instability, rate control should 
be favored rather than the use of anti-arrhythmic drugs 
(AADs) to avoid interactions with antiviral drugs. Routine 
cardiovascular care suspension (including catheter ablation) 
would be expected to result in deterioration of chronic car-
diovascular conditions, increased admissions, and higher 
morbidity and mortality.

In the management of arrhythmias, drug-drug interac-
tions including antiviral, antiarrhythmic, and anticoagulation 
drugs should be considered before administration [54]. Some 
of the drugs used for the COVID-19 infection, as chloro-
quine/hydroxychloroquine, azithromycin lopinavir/ritona-
vir, may have interactions with myocardial cells, especially 
during the repolarization phase, and may cause a risk of 
prolonging the QTc interval and torsade de pointes [55].

In critically ill patients with COVID-19 infection and 
recurrent VTS and VF or hemodynamic instability due to 
new onset AF/atrial flutter, i.v. amiodarone is the antiar-
rhythmic medication of choice. However, its combination 
with hydroxychloroquine and/or azithromycin should be 
preferably avoided and the benefit of treatment should be 
balanced against the increased proarrhythmic risk due to 
QT prolongation [53]. Santoro et al. found that during hos-
pitalization for COVID-19, 14% of patients developed QTc 
prolongation; dual antiviral therapy, age, and basal heart 
rate were the only independent predictors of QT prolonga-
tion [56]. Intravenous lidocaine may be considered a safer 
but less effective alternative to amiodarone, especially if 
underlying myocardial ischemia is suspected [10]. Recent 
recommendation from the Mayo Clinic is that if there is 
QTc prolongation > 500 ms or increase in QTc > 60 ms after 
initiation of COVID-19 treatment, stopping medications or 
reverting QTc prolonging effect should be considered [57].

Myocarditis

Systemic inflammatory response such as cytokine storm 
and direct viral infection of the myocardium can induce ful-
minant myocarditis, one of the recognized cardiovascular 
complications of COVID-19, characterized by sudden and 
severe diffuse inflammation of myocardium, which can often 
lead to ventricular arrhythmias, cardiogenic shock, and death 
[13]. Human coronavirus-associated myocarditis is known. 
One study suggested that up to 7% of COVID-19 related 
deaths were due to myocarditis [6]. The clinical presentation 
of SARS-CoV-2 myocarditis varies from mild symptoms, 
such as fatigue and dyspnea, to chest pain or chest tightness 
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during exertion. Many patients worsen, leading to acute-
onset HF with cardiogenic shock. The most emerging pres-
entation is fulminating myocarditis, defined as ventricular 
dysfunction and HF within 2–3 weeks of contracting the 
virus [58].

Cardiac magnetic resonance (CMR) represents the non-
invasive gold standard technique for myocardial tissue 
characterization. However, in addition to traditional disad-
vantages of CMR, new obstacles limit the use of CMR dur-
ing COVID-19 pandemic, such as assessment of critically 
ill patients and proper disinfection of scanner and room. 
Therefore, CMR is frequently not possible in the critically ill 
patient and has to be held until the patient is clinically stable. 
This potential diagnostic gap can be filled by CT, as it can 
be used for describing pulmonary parenchymal involvement, 
coronary anatomy and pulmonary vasculature, wall motion 
abnormalities and partly myocardial tissue characterization 
[59]. The management of myocarditis secondary to COVID-
19 should be similar to myocarditis with other etiologies; no 
specific guidelines are available. However, aggressive sup-
portive measures, including the use of temporary mechanical 
circulatory support devices, may be necessary [60]. Reor-
ganization of Myocarditis Disease Unit in “Tele-MDU” to 
transfer multidisciplinary activity on a virtual platform was 
described [61].

Pulmonary Hypertension

Acute pulmonary hypertension (PH) was frequently reported 
in patients affected by severe COVID-19 [62]. Patients with 
severe COVID-19 showed a higher proportion of PH than 
mild COVID-19 disease (22% vs 2%). Among hospital-
ized COVID-19 patients, PH was associated with signs of 
more severe COVID-19 and with worse in-hospital clinical 
outcome. Elevated pulmonary artery systolic pressure by 
echocardiography was predictive of mortality [63]. Thick-
ened pulmonary vascular walls, one important hallmark of 
pulmonary arterial hypertension, were described in patients 
died of COVID-19 [64]. COVID-19 patients with chronic 
obstructive pulmonary disease, congestive HF, myocardial 
injury, pulmonary embolism, and prior PH were at a higher 
risk of worsening PH.

Data from a prospective, multicenter, observational 
study revealed 41% of all subjects with persistent symptoms 
100 days after COVID-19 onset, with dyspnea being most 
frequent (36%). Patients still showed an impaired lung func-
tion, with a reduced diffusing capacity in 21% of the cases. 
Signs of PH were only present in a minority of patients [65]. 
In COVID-19 infection, PH and RV failure are common 
complications [66], being reported after the recovery even 
in moderate cases. PH can occur after a COVID-19 viral 
infection [67].

PH can develop unusually rapidly following COVID-19 
pneumonia and was most likely caused by progressive pul-
monary parenchymal abnormalities combined with micro-
vascular damage of the pulmonary arteries [68].

Among patients with severe COVID-19 disease and PH, 
complications including acute respiratory distress syn-
drome, acute myocardial injury, intensive care unit admis-
sion, mechanical ventilation, and mortality rates are higher 
[69]. Patients with COVID-19 who develop PH are generally 
characterized by longer illness, greater reduction in exercise 
tolerance, and slower recovery of saturation.

Comorbidities (Renal Failure, Diabetes Mellitus, 
Hypertension)

During COVID-19 pandemic, the management of patients 
with chronic diseases, such as hypertension, renal failure, 
and diabetes mellitus (DM), represented a relevant prob-
lem [70]. These comorbidities are often found in CAD and 
HF patients [71], and may modulate the prognosis in case 
of SARS-Cov-2 infection [53]. New phenotypes (Fig. 1) of 
CV patients were determined by the reduction of medical 
assistance, resulting from the pandemic, in case of hyper-
tension, diabetes, or renal failure. Hypertension was associ-
ated with an increased composite poor outcome of mortality, 
severe COVID-19, ARDS, need for ICU care, and disease 
progression in patients with COVID-19 [72]. One concern 
in the first phases of epidemic was represented by the pos-
sible interaction between angiotensin receptor blockers 
(ARBs) and ACE with COVID-19 due to the discovery that 
ACE2 was necessary for viral entry. Optimal management 
of hypertension can however as usual contribute to a better 
prognosis in COVID-19 [73]; the Council on Hypertension 
of the European Society of Cardiology (ESC) strongly rec-
ommends that patients should continue treatment with their 
usual anti-hypertensive therapy because there is no clinical 
or scientific evidence to suggest that treatment with ACEi 
or ARBs should be discontinued because of the COVID-19 
infection.

In the COVID-19 era, the challenge is to achieve target 
BP control in a “New Normal” lifestyle, in which health 
care workers may have a reduced opportunity for in-person 
clinical examination of patients [73]. The remote blood pres-
sure monitoring system using telemedicine was introduced 
in achieving target levels [74].

The kidney involvement of the SARS-CoV-2 infection 
should be associated with three different clinical settings. 
The first includes patients with chronic kidney disease 
(frequent comorbidity in CHF and coronary heart disease 
(CHD)), the second includes patients with acute kidney 
injury (AKI) (frequently present in AHF), and the third 
includes immunosuppressed patients such as renal graft 
recipients or patients with glomerular diseases [75]. Kidneys 
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are a target organ of COVID-19 damage. Visceral tubular 
and glomerular epithelial cells have been shown to be the 
primary target cells for SARS-CoV-2 [76]; this makes them 
susceptible to the cytopathic effects of the virus in the case 
of viremia [77] and is underlying the high incidence of AKI 
in severely infected patients [78]. It was argued that renal 
involvement could be an early sign of severe infection. Pro-
teinuria, hematuria, increased creatinine levels, BUN, and 
AKI are independent risk factors for hospital death [79]. 
Renal replacement therapy (RRT) indications for COVID-
19-related AKI are not different from any other AKI. Early 
initiation of RRT can increase the risk of contamination for 
healthcare professionals and increase the burden for neph-
rology practice [12]. Some treatments for SARS-Cov-2 
infection, such as cortisone therapy, are contraindicated for 
patients with CHF and for those with chronic kidney disease.

Glucose metabolism disorders are highly prevalent in 
HF and in CVD patients and impact on disease progression 
and on long-term morbidity and mortality significantly. The 
presence of diabetes seems to be independently associated 
with COVID-19 severity and increased mortality [14–16]. 
Glycemic deterioration is a typical complication of COVID-
19 in patients with impaired glucose regulation or diabetes 
and in patients requiring insulin, SARS-CoV-2 infection was 
associated with a rapidly increasing need for high doses of 
insulin [17]. Patients with diabetes and COVID-19 should 
be carefully monitored for their adherence to prescribed 

medications (including insulin injections) and their blood 
levels of glucose, which should be checked more frequently. 
Patients with diabetes should carefully maintain a healthy 
lifestyle and control potential risk factors. Glycemic control 
during infectious diseases, however, is often suboptimal, and 
antidiabetic drugs and insulin therapy have to be adapted 
accordingly. The COVID-19 pandemic is driving significant 
changes in the healthcare system and disrupting current best 
practices for diabetic limb preservation, leaving large num-
bers of patients without adequate care [21]. Some authors 
support triage systems that help reduce hospital visits for 
non-fatal wounds, allocating patients with less severe prob-
lems to office visits or even telemedical care and remote 
monitoring [21]. Calling on people to stay at home will most 
likely reduce the amount of physical exercise compared to 
usual daily routine. Patients with COVID-19 should further-
more be re-educated in recognition and handling of diabetic 
ketoacidosis since infection is one of its most frequent trig-
gers [28]. Telemedicine and other innovative strategies could 
be a reasonable approach to at least partly mitigate the prob-
lem of uncontrolled diabetes [30].

Are Cardiologists Ready to Treat Patients with CV 
Disease after the Pandemic?

The COVID-19 pandemic has affected not only the world 
population, but also the health care system in every 

Fig. 1   New phenotypes of cardiovascular disease in the COVID-19 era
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country and its organizational framework [80]. Major 
changes in the design of EDs have been proposed for 
revised triage and surveillance protocols, and new path-
ways to separate suspected cases; “fever units” have also 
been implemented in EDs [81, 82]. Only cases that are 
proved negative are transferred to non-COVID-19 wards, 
while patients tested positive undergo special care [83]. 
Many ED worldwide [84] defined different isolation 
spaces, examined and triaged patients prior to ED admis-
sion, and instituted separated area for general or critical 
ill emergency patients and for patients with suspected 
COVID-19, fever and respiratory symptoms. Following 
such revised protocol, the temporary ED closures were 
drastically reduced after COVID-19 contamination [85].

Staff has to be trained and educated on every aspect of 
contaminated infectious diseases, including the proper use 
of personal protective equipment (PPE), the risks to them-
selves and their families, and the infection control poli-
cies and procedures (e.g., train-the-trainer model, quality 
assurance monitoring).

Every-day clinical practice has also changed for most of 
medical and surgical specialties: elective procedures, non-
COVID-19 wards and activities, laboratories, and routine 
areas were everywhere reduced or temporary closed or 
shifted to COVID-19 activities and areas. Personnel was 
shifted and converted to COVID-19 areas and activities, 
which require a large sharing of health personnel. Pool-
ing the hospital manpower from different usual specialties 
was a common choice; shift and crews were reshaped and 
recommitted to new tasks and functions (mixed emer-
gency room management, new implementation of ultra-
sound imaging as lung ultrasound) [86]. This revolution in 
clinical management of medical emergencies and routine 
eventually changed the whole clinical activity in most of 
hospitals [87]; this change, however, should not waste all 
the progress achieved in the management and prevention 
of non-COVID-19 disease and mainly CVD.

New pathways and clinical guidelines have been 
developed and issued in order to match the prevention of 
COVID-19 and high-quality prevention and management 
of CVD [45, 64, 88–90].

The invasive management of COVID-19-positive 
patients should be restricted to type-1 MI [5]. Patients 
presenting with STEMI or very high-risk NSTEMI and 
COVID-19 infection should access cath lab with opti-
mal protection for the staff [91, 92]. In case of suspected 
COVID-19, in STEMI or high-risk NSTEMI patients, such 
patients should be managed assuming a positive COVID-
19 status. The hub and spoke STEMI network should be 
reshaped: specific COVID-19 hospitals or wards should 
be set up in large community tertiary hospitals serving as 
STEMI hubs with intensive care and/or coronary care units 
and a 24 h/7d catheter laboratory activity; non-COVID-19 

patients should be referred to COVID-19-free hospitals or 
wards (within a hub center).

The current care pathways for chronic elective CV 
patients have also changed during COVID-19 pandemic for 
safety reasons. Visits were often changed into telephone and 
video consultations. Any non-essential diagnostic investi-
gation has been usually deferred [73], while CV emergen-
cies and non-deferrable procedures should be warranted 
[93]. Telehealth frameworks for HF patients, based on the 
telemonitoring as proposed by the ESC HF Guidelines, were 
implemented during pandemic [94, 95]. In Italy, Salzano 
et al. described the successful implementation of telemedi-
cine service for HF patients, which was provided throughout 
lockdown with 58% of patients accessing the service [96]. 
With the transition to a post-pandemic phase, the emer-
gency telemedicine support should be translated into a stable 
approach [97]. Remote monitoring may detect underlying 
disease progression and prevent decompensation in NYHA 
class III patients [98].

An alternative to telemedicine approach has been also 
described by some centers, and it has been demonstrated 
that relocating HF services to isolated areas of admission 
on peripheral specialty units has prevented transmission of 
COVID-19 in advanced HF patients [99]. Color-coded zones 
have been also implemented in an HF unit in Milan, Italy, to 
ensure the isolation of infected, suspected, and COVID-free 
patients [100].

Conclusions

Cardiac manifestations of COVID-19 may include cardiac 
arrhythmias, myocarditis, pericarditis, ACS, HF, cardiogenic 
shock, and cardiac arrest. All these conditions can occur in 
absence of pulmonary complications, long after viral clear-
ance and recovery, and be associated with higher mortality 
rates. Stay-at-home mandates and fear of contagion in hos-
pital have discouraged access to emergency medical services 
and to ambulatory care, even in patients with severe CVD. 
In the next future, a change in the phenotype of CV patients 
is expected, with more advanced HF patients, arrest cardiac, 
worsening comorbidities, negative ventricular remodeling 
and reduced EF, more patients with permanent atrial fibril-
lation. The treatment of such patients and complications may 
represent the new challenge for cardiologists, presumably 
requiring a wide reorganization of cardiology departments 
and cardiovascular care.

Author Contribution  MC, FC, AL, PM, LT, and AM wrote the paper. 
MF, MM, VC, and AP analyzed data and retrieved studies. MI, MDB, 
and NDB supervised the study. NDB revised the paper. All authors read 
and approved the final manuscript.

347Cardiovascular Drugs and Therapy (2023) 37:341–351



1 3

Funding  Open access funding provided by Università di Foggia within 
the CRUI-CARE Agreement.

Data Availability  This is a review paper; data availability in not 
applicable.

Declarations 

Research Involving Human Participants and/or Animals  The study does 
not involve directly human participant or animals.

Informed Consent  No informed consent is required.

Conflict of Interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 De Rosa S, Spaccarotella C, Basso C, Calabrò MP, Curcio 
A, Filardi PP, Mancone M, Mercuro G, Muscoli S, Nodari S, 
Pedrinelli R, Sinagra G, Indolfi C. Indolfi Società Italiana di 
Cardiologia and the CCU Academy investigators group. Reduc-
tion of hospitalizations for myocardial infarction in Italy in the 
COVID-19 era. Eur Heart J. 2020;41:2083–8.

	 2.	 Piccolo R, Bruzzese D, Mauro C, Aloia A, Baldi C, Boccalatte 
M, Bottiglieri G, Briguori C, Caiazzo G, Calabrò P, Cappelli-
Bigazzi M, De Simone C, Di Lorenzo E, Golino P, Monda V, 
Perrotta R, Quaranta G, Russolillo E, Scherillo M, Tesorio 
T, Tuccillo B, Valva G, Villari B, Tarantini G, Varricchio A, 
Esposito G, Collaborators. Population trends in rates of per-
cutaneous coronary revascularization for acute coronary syn-
dromes associated with the COVID-19 outbreak. Circulation. 
2020;141:2035–7.

	 3.	 Indolfi C, Spaccarotella C. The outbreak of COVID-19 in Italy: 
fighting the pandemic. JACC Case Rep. 2020; 2(9):1414–1418. 
Erratum in: JACC Case Rep. 2020;2:1656.

	 4.	 Molinari G, Brunetti ND, Nodari S, Molinari M, Spagna G, 
Ioakim M, Migliore G, Dattoli V, Di Cillo O. Impact of 2020 
SARS-CoV-2 outbreak on telemedicine management of cardio-
vascular disease in Italy. Intern Emerg Med. 2020;2020:1–6.

	 5.	 Li B, Yang J, Zhao F, Zhi L, Wang X, Liu L, Bi Z, Zhao Y. 
Prevalence and impact of cardiovascular metabolic diseases on 
COVID-19 in China. Clin Res Cardiol. 2020;109:531–8.

	 6.	 Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predic-
tors of mortality due to COVID-19 based on an analysis of 
data of 150 patients from Wuhan, China. Intensive Care Med. 
2020;46:846–8.

	 7.	 Madjid M, Safavi-Naeini P, Solomon SD, Vardeny O. Potential 
effects of coronaviruses on the cardiovascular system: a review. 
JAMA Cardiol. 2020;5:831–40.

	 8.	 Madjid M, Safavi-Naeini P, Solomon S, et al. Potential effects 
of coronaviruses on the cardiovascular system: a review. JAMA 
Cardiol. 2020;5:831–40.

	 9.	 Azarkish M, Laleh far V, Eslami M, Mollazadeh R. Transient 
complete heart block in a patient with critical COVID-19. Eur 
Heart J. 2020;41:2131.

	 10.	 ESC Guidance for the Diagnosis and Management of CV Dis-
ease during the COVID-19 Pandemic. https://​www.​escar​dio.​org/​
Educa​tion/​COVID-​19-​and-​Cardi​ology/​ESC-​COVID-​19-​Guida​
nce. (Last update: 10 June 2020).

	 11.	 Toniolo M, Negri F, Antonutti M, Masè M, Facchin D. Unpre-
dictable fall of severe emergent cardiovascular diseases hos-
pital admissions during the COVID-19 pandemic: experience 
of a single large center in northern Italy. J Am Heart Assoc. 
2020;9:e017122.

	 12.	 Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma JP, Xiao W, 
Wang YN, Zhong MH, Li CH, Li GC, Liu HG. Clinical charac-
teristics of novel coronavirus cases in tertiary hospitals in Hubei 
Province. Chin Med J. 2020;133:1025–31.

	 13.	 Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, Wang H, Wan J, 
Wang X, Lu Z. Cardiovascular implications of fatal outcomes 
of patients with coronavirus disease 2019 (COVID-19). JAMA 
Cardiol. 2020;5:811–8.

	 14.	 Casale M, Dattilo G, Imbalzano E, Gigliotti De Fazio M, Mora-
bito C, Mezzetti M, et al. The thromboembolism in COVID-19: 
the unsolved problem. Panminerva Med. 2020. https://​doi.​org/​
10.​23736/​S0031-​0808.​20.​03999-3.

	 15.	 Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, Drig-
gin E, Nigoghossian C, Ageno W, Madjid M, Guo Y, Tang LV, 
Hu Y, Giri J, Cushman M, Quéré I, Dimakakos EP, Gibson CM, 
Lippi G, Favaloro EJ, Fareed J, Caprini JA, Tafur AJ, Burton 
JR, Francese DP, Wang EY, Falanga A, McLintock C, Hunt BJ, 
Spyropoulos AC, Barnes GD, Eikelboom JW, Weinberg I, Schul-
man S, Carrier M, Piazza G, Beckman JA, Steg PG, Stone GW, 
Rosenkranz S, Goldhaber SZ, Parikh SA, Monreal M, Krumholz 
HM, Konstantinides SV, Weitz JI, Lip GYH, Global COVID-19 
Thrombosis Collaborative Group, Endorsed by the ISTH, NATF, 
ESVM, and the IUA, Supported by the ESC Working Group on 
Pulmonary Circulation and Right Ventricular Function. COVID-
19 and Thrombotic or Thromboembolic Disease: Implications 
for Prevention, Antithrombotic Therapy, and Follow-Up: JACC 
State-of-the-Art Review. J Am Coll Cardiol. 2020;75:2950–73.

	 16.	 Zhang Y, Xiao M, Zhang S, Xia P, Cao W, Jiang W, et al. Coagu-
lopathy and antiphospholipid antibodies in patients with Covid-
19. N Engl J Med. 2020;382:e38.

	 17.	 Zulfiqar A-A, Lorenzo-Villalba N, Hassler P, Andrès E. Immune 
thrombocytopenic purpura in a patient with Covid-19. N Engl J 
Med. 2020;382:e43.

	 18.	 Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, Ji R, Wang H, 
Wang Y, Zhou Y. Prevalence of comorbidities and its effects in 
patients infected with SARS-CoV-2: a systematic review and 
meta-analysis. Int J Infect Dis. 2020;94:91–5.

	 19.	 Bangalore S, Sharma A, Slotwiner A, Yatskar L, Harari R, Shah 
B, Ibrahim H, Friedman GH, Thompson C, Alviar CL, Chadow 
HL, Fishman GI, Reynolds HR, Keller N, Hochman JS. ST-seg-
ment elevation in patients with Covid-19 - a case series. N Engl 
J Med. 2020;382:2478–80.

	 20.	 Meyer P, Degrauwe S, Delden CV, Ghadri J-R, Templin C. Typi-
cal takotsubo syndrome triggered by SARS-CoV-2 infection. Eur 
Heart J. 2020;41:1860.

	 21.	 Kwong JC, Schwartz KL, Campitelli MA, Chung H, Crow-
croft NS, Karnauchow T, et al. Acute myocardial infarction 

348 Cardiovascular Drugs and Therapy (2023) 37:341–351

http://creativecommons.org/licenses/by/4.0/
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://doi.org/10.23736/S0031-0808.20.03999-3
https://doi.org/10.23736/S0031-0808.20.03999-3


1 3

after laboratoryconfirmed influenza infection. N Engl J Med. 
2018;378:345–53.

	 22.	 Correale M, Tricarico L, Fortunato M, Dattilo G, Iacoviello M, 
Brunetti ND. Infection, atherothrombosis and thromboembolism 
beyond the COVID-19 disease: what similar in physiopathology 
and researches. Aging Clin Exp Res. 2021:1–6.

	 23.	 Tavazzi G, Pellegrini C, Maurelli M, Belliato M, Sciutti F, Bot-
tazzi A, et al. Myocardial localization of coronavirus in COVID-
19 cardiogenic shock. Eur J Heart Fail. 2020;22:911–5.

	 24.	 Mehra MR, Ruschitzka F. COVID-19 illness and heart failure: a 
missing link? JACC Heart Fail. 2020;8:512–4.

	 25.	 Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. Prevalence 
of comorbidities in the novel Wuhan coronavirus (COVID-19) 
infection: a systematic review and meta-analysis. Int J Infect Dis. 
2020;94:91–5.

	 26.	 Grein J, Ohmagari N, Shin D, Diaz G, Asperges E, Castagna 
A, Feldt T, Green G, Green ML, Lescure FX, Nicastri E, 
Oda R, Yo K, Quiros-Roldan E, Studemeister A, Redinski J, 
Ahmed S, Bernett J, Chelliah D, Chen D, Chihara S, Cohen 
SH, Cunningham J, D’Arminio Monforte A, Ismail S, Kato 
H, Lapadula G, L’Her E, Maeno T, Majumder S, Massari M, 
Mora-Rillo M, Mutoh Y, Nguyen D, Verweij E, Zoufaly A, 
Osinusi AO, DeZure A, Zhao Y, Zhong L, Chokkalingam A, 
Elboudwarej E, Telep L, Timbs L, Henne I, Sellers S, Cao H, 
Tan SK, Winterbourne L, Desai P, Mera R, Gaggar A, Myers 
RP, Brainard DM, Childs R, Flanigan T. Compassionate use of 
remdesivir for patients with severe Covid-19. N Engl J Med. 
2020;382(24):2327–36.

	 27.	 Clerkin KJ, Fried JA, Raikhelkar J, Sayer G, Griffin JM, Masoumi 
A, Jain SS, Burkhoff D, Kumaraiah D, Rabbani L, Schwartz A, 
Uriel N. COVID-19 and cardiovascular disease. Circulation. 
2020;141:1648–55.

	 28.	 Zhang Y, Coats AJS, Zheng Z, Adamo M, Ambrosio G, Anker 
SD, Butler J, Xu D, Mao J, Khan MS, Bai L, Mebazaa A, Pon-
ikowski P, Tang Q, Ruschitzka F, Seferovic P, Tschöpe C, Zhang 
S, Gao C, Zhou S, Senni M, Zhang J, Metra M. Management of 
heart failure patients with COVID-19: a joint position paper of 
the Chinese Heart Failure Association & National Heart Failure 
Committee and the Heart Failure Association of the European 
Society of Cardiology. Eur J Heart Fail. 2020;22:941–56.

	 29.	 Vaduganathan M, Vardeny O, Michel T, et al. Renin-angiotensin-
aldosterone system. Inhibitors in patients with Covid-19. N Engl 
J Med. 2020;382:1653–9.

	 30.	 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: 
a retrospective cohort study. Lancet. 2020;395:1054–62.

	 31.	 Huang C, Wang Y, Li X, et al. Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan, China. Lancet. 
2020;395:497–506.

	 32.	 Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, et al. Cardiovas-
cular implications of fatal outcomes of patients with coronavirus 
disease 2019 COVID-19. JAMA Cardiol. 2020;5:1–8.

	 33.	 Stefanini G, et al. ST-elevation myocardial infarction in patients 
with COVID-19. Circulation. 2020;141:2113–6.

	 34.	 Murrone A, Colivicchi F, Roncon L, Caldarola P, Amodeo V, 
Urbinati S, Di Lenarda A, Valente S, Aspromonte N, Cipriani 
M, Domenicucci S, Francese GM, Imazio M, Scotto di Uccio 
F, Scherillo M, Di Pasquale G, Gulizia MM, Gabrielli D. Posi-
tion paper ANMCO: Ruolo della Cardiologia nella gestione dei 
bisogni di salute in era post-COVID-19 [ANMCO Position paper: 
role of cardiology in the management of health needs in the post-
COVID-19 era]. G Ital Cardiol (Rome). 2020;21:509–13.

	 35.	 Cammalleri V, Muscoli S, Benedetto D, Stifano G, Macrini M, Di 
Landro A, Di Luozzo M, Marchei M, Mariano EG, Cota L, Sergi 
D, Bezzeccheri A, Bonanni M, Baluci M, De Vico P, Romeo F. 
Who has seen patients with ST-segment-elevation myocardial 

infarction? First Results From Italian Real-World Coronavirus 
Disease 2019. J Am Heart Assoc. 2020;9:e017126.

	 36.	 van Loon RB, Veen G, Kamp O, Baur LH, van Rossum AC. 
Left ventricular remodeling after acute myocardial infarction: 
the influence of viability and revascularization - an echocardio-
graphic substudy of the VIAMI-trial. Trials. 2014;15:329.

	 37.	 Myerburg RJ, Junttila MJ. Sudden cardiac death caused by coro-
nary heart disease. Circulation. 2012;125:1043–52.

	 38.	 Carfì A, Bernabei R, Landi F, Gemelli Against COVID-19 Post-
Acute Care Study Group. Persistent symptoms in patients after 
acute COVID-19. JAMA. 2020;324:603–5.

	 39.	 Bromage DI, Cannatà A, Rind IA, Gregorio C, Piper S, Shah 
AM, McDonagh TA. The impact of COVID-19 on heart failure 
hospitalization and management: report from a Heart Failure 
Unit in London during the peak of the pandemic. Eur J Heart 
Fail. 2020;22:978–84.

	 40.	 Cannatà A, Bromage DI, Rind IA, Gregorio C, Bannister C, 
Albarjas M, Piper S, Shah AM, McDonagh TA. Temporal trends 
in decompensated heart failure and outcomes during COVID-19: 
a multisite report from heart failure referral centres in London. 
Eur J Heart Fail. 2020;22:2219–24.

	 41.	 Andersson C, Gerds T, Fosbøl E, Phelps M, Andersen J, Lam-
berts M, Holt A, Butt JH, Madelaire C, Gislason G, Torp-Ped-
ersen C, Køber L, Schou M. Incidence of new-onset and wors-
ening heart failure before and after the COVID-19 epidemic 
lockdown in Denmark: a nationwide cohort study. Circ Heart 
Fail. 2020;13:e007274.

	 42.	 Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner 
MH, Fonarow GC, Geraci SA, Horwich T, Januzzi JL, Johnson 
MR, Kasper EK, Levy WC, Masoudi FA, McBride PE, McMur-
ray JJ, Mitchell JE, Peterson PN, Riegel B, Sam F, Stevenson 
LW, Tang WH, Tsai EJ, Wilkoff BL, American College of Car-
diology Foundation, American Heart Association Task Force on 
Practice Guidelines. ACCF/AHA guideline for the management 
of heart failure: a report of the American College of Cardiology 
Foundation/American Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol. 2013;2013(62):e147-239.

	 43.	 DeFilippis EM, Reza N, Donald E, Givertz MM, Lindenfeld 
J, Jessup M. Considerations for heart failure care during the 
COVID-19 pandemic. JACC Heart Fail. 2020;8:681–91.

	 44.	 Reza N, DeFilippis EM, Jessup M. Secondary impact of the 
COVID-19 pandemic on patients with heart failure. Circ Heart 
Fail. 2020;13:e007219.

	 45.	 Centers for Disease Control and Prevention Coronavirus Dis-
ease 2019 (COVID-19). Cent Dis Control Prev. 2020. https://​
www.​cdc.​gov/​coron​avirus/​2019-​ncov/​hcp/​guida​nce-​hcf.​html. 
Accessed Feb 2021.

	 46.	 Karamchandani K, Quintili A, Landis T, Bose S. Cardiac arrhyth-
mias in critically ill patients with COVID-19: a brief review. J 
Cardiothorac Vasc Anesth. 2020;S1053–0770(20):30807–17.

	 47.	 Mattioli AV, Ballerini Puviani M, Nasi M, Farinetti A. COVID-
19 pandemic: the effects of quarantine on cardiovascular risk. 
Eur J Clin Nutr. 2020;74:852–5.

	 48.	 Mattioli AV, Cossarizza A, Boriani G. COVID-19 pandemic: use-
fulness of telemedicine in management of arrhythmias in elderly 
people. J Geriatr Cardiol. 2020;17:593–6.

	 49.	 Cannata A, Bromage DI, McDonagh T. Cardiology after COVID-
19: Quo Vademus? Eur Heart J Qual Care Clin Outcomes. 
2020;6:208–9.

	 50.	 Baldi E, Sechi GM, Mare C, Canevari F, Brancaglione A, Primi 
R, Klersy C, Palo A, Contri E, Ronchi V, Beretta G, Reali F, 
Parogni P, Facchin F, Bua D, Rizzi U, Bussi D, Ruggeri S, 
OltronaVisconti L, Savastano S, Lombardia CARe Researchers. 
Out-of-Hospital Cardiac Arrest during the Covid-19 Outbreak in 
Italy. N Engl J Med. 2020;383:496–8.

349Cardiovascular Drugs and Therapy (2023) 37:341–351

https://www.cdc.gov/coronavirus/2019-ncov/hcp/guidance-hcf.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/guidance-hcf.html


1 3

	 51.	 Gulizia MM, Zecchin M, Colivicchi F, Francese GM, Murrone 
A, Caldarola P, Di Lenarda A, Valente S, Roncon L, Amodeo E, 
Aspromonte N, Cipriani MG, Domenicucci S, Imazio M. Scotto 
Di Uccio F, Urbinati S, Gabrielli D. Position paper ANMCO: 
Gestione dei pazienti con sospetto o conclamato COVID-19 e 
necessità di procedure di elettrofisiologia e/o elettrostimolazi-
one urgenti [ANMCO Position paper: Guidance for the man-
agement of suspected or confirmed COVID-19 patients requir-
ing urgent electrophysiological procedures]. G Ital Cardiol. 
2020;21:336–40.

	 52.	 Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland 
JGF, Coats AJS, Falk V, González-Juanatey JR, Harjola VP, 
Jankowska EA, Jessup M, Linde C, Nihoyannopoulos P, Parissis 
JT, Pieske B, Riley JP, Rosano GMC, Ruilope LM, Ruschitzka 
F, Rutten FH, van der Meer P, ESC Scientific Document Group. 
ESC Guidelines for the diagnosis and treatment of acute and 
chronic heart failure: The Task Force for the diagnosis and treat-
ment of acute and chronic heart failure of the European Society 
of Cardiology (ESC) Developed with the special contribution of 
the Heart Failure Association (HFA) of the ESC. Eur Heart J. 
2016;2016(37):2129–200.

	 53.	 The European Society for Cardiology. ESC Guidance for the 
Diagnosis and Management of CV Disease during the COVID-
19 pandemic. https://​www.​escar​dio.​org/​Educa​tion/​COVID-​19-​
and-​Cardi​ology/​ESC-​COVID-​19-​Guida​nce. (Last update: 10 
June 2020).

	 54.	 Russo V, Rago A, Carbone A, Bottino R, Ammendola E, Della 
Cioppa N, Galante D, Golino P, Nigro G. Atrial fibrillation in 
COVID-19: from epidemiological association to pharmacologi-
cal implications. J Cardiovasc Pharmacol. 2020;76:138–45.

	 55.	 Michaud V, Dow P, Al Rihani SB, Deodhar M, Arwood M, Cicali 
B, Turgeon J. Risk assessment of drug-induced long QT syn-
drome for some COVID-19 repurposed drugs. Clin Transl Sci. 
2021;14:20–8.

	 56.	 Santoro F, Monitillo F, Raimondo P, Lopizzo A, Brindicci G, 
Gilio M, et al. QTc interval prolongation and life-threatening 
arrhythmias during hospitalization in patients with COVID-19. 
Results from a multi-center prospective registry. Clin Infect Dis. 
2020:ciaa1578.

	 57.	 Giudicessi JR, Noseworthy PA, Friedman PA, Ackerman MJ. 
Urgent guidance for navigating and circumventing the QTc-pro-
longing and torsadogenic potential of possible pharmacothera-
pies for coronavirus disease 19 (COVID-19). Mayo Clin Proc. 
2020;95:1213–21.

	 58.	 Siripanthong B, Nazarian S, Muser D, Deo R, Santangeli P, 
Khanji MY, Cooper LT Jr, Chahal CAA. Recognizing COVID-
19-related myocarditis: the possible pathophysiology and pro-
posed guideline for diagnosis and management. Heart Rhythm. 
2020;17:1463–71.

	 59.	 Citro R, Pontone G, Bellino M, Silverio A, Iuliano G, Baggiano 
A, Manka R, Iesu S, Vecchione C, Asch FM, Ghadri JR, Tem-
plin C. Role of multimodality imaging in evaluation of cardio-
vascular involvement in COVID-19. Trends Cardiovasc Med. 
2021;31:8–16.

	 60.	 Agdamag ACC, Edmiston JB, Charpentier V, Chowdhury M, 
Fraser M, Maharaj VR, Francis GS, Alexy T. Update on COVID-
19 myocarditis. Medicina. 2020;56:678.

	 61.	 Peretto G, De Luca G, Campochiaro C, Palmisano A, Busnardo 
E, Sartorelli S, Barzaghi F, Cicalese MP, Esposito A, Sala S. 
Telemedicine in myocarditis: evolution of a mutidisciplinary 
“disease unit” at the time of COVID-19 pandemic. Am Heart J. 
2020;229:121–6.

	 62.	 Norderfeldt J, Liliequist A, Frostell C, Adding C, Agvald P, 
Eriksson M, et al. Acute pulmonary hypertension and short-term 
outcomes in severe Covid-19 patients needing intensive care. 
Acta Anaesthesiol Scand. 2021;65:761–9.

	 63.	 Pagnesi M, Baldetti L, Beneduce A, Calvo F, Gramegna M, Paz-
zanese V, Ingallina G, Napolano A, Finazzi R, Ruggeri A, Ajello 
S, Melisurgo G, Camici PG, Scarpellini P, Tresoldi M, Landoni 
G, Ciceri F, Scandroglio AM, Agricola E, Cappelletti AM. Pul-
monary hypertension and right ventricular involvement in hos-
pitalised patients with COVID-19. Heart. 2020;106:1324–31.

	 64.	 Suzuki YJ, Nikolaienko SI, Shults NV, Gychka SG. COVID-19 
patients may become predisposed to pulmonary arterial hyper-
tension. Med Hypotheses. 2021;147:110483.

	 65.	 Sonnweber T, Sahanic S, Pizzini A, Luger A, Schwabl C, Son-
nweber B, Kurz K, Koppelstätter S, Haschka D, Petzer V, Boehm 
A, Aichner M, Tymoszuk P, Lener D, Theurl M, Lorsbach-
Köhler A, Tancevski A, Schapfl A, Schaber M, Hilbe R, Nairz 
M, Puchner B, Hüttenberger D, Tschurtschenthaler C, Aßhoff M, 
Peer A, Hartig F, Bellmann R, Joannidis M, Gollmann-Tepeköylü 
C, Holfeld J, Feuchtner G, Egger A, Hoermann G, Schroll A, 
Fritsche G, Wildner S, Bellmann-Weiler R, Kirchmair R, Helbok 
R, Prosch H, Rieder D, Trajanoski Z, Kronenberg F, Wöll E, 
Weiss G, Widmann G, Löffler-Ragg J, Tancevski I. Cardiopul-
monary recovery after COVID-19: an observational prospective 
multicentre trial. Eur Respir J. 2021;57:2003481.

	 66.	 Tudoran C, Tudoran M, Lazureanu VE, Marinescu AR, Pop 
GN, Pescariu AS, Enache A, Cut TG. Evidence of pulmonary 
hypertension after SARS-CoV-2 infection in subjects without 
previous significant cardiovascular pathology. J Clin Med. 
2021;10:199.

	 67.	 Atabati E, Dehghani-Samani A, Mortazavimoghaddam SG. 
Association of COVID-19 and other viral infections with inter-
stitial lung diseases, pulmonary fibrosis, and pulmonary hyper-
tension: a narrative review. Can J Respir Ther. 2020;56:1–9.

	 68.	 van Dongen CM, Janssen MT, van der Horst RP, van Kraaij DJ, 
Peeters RH, van den Toorn LM, Mostard RL. Unusually rapid 
development of pulmonary hypertension and right ventricular 
failure after COVID-19 pneumonia. Eur J Case Rep Intern Med. 
2020;7:001784.

	 69.	 Mishra A, Lal A, Sahu KK, George AA, Martin K, Sargent J. 
An update on pulmonary hypertension in coronavirus disease-19 
(COVID-19). Acta Biomed. 2020;91:e2020155.

	 70.	 Martini N, Piccinni C, Pedrini A, Maggioni A. Covid-19 e malat-
tie croniche: conoscenze attuali, passi futuri e il progetto MaC-
roScopio [Covid-19 and chronic diseases: current knowledge, 
future steps and the MaCroScopio project.]. Recenti Prog Med. 
2020;111:198–201.

	 71.	 Correale M, Paolillo S, Mercurio V, Limongelli G, Barillà F, 
Ruocco G, Palazzuoli A, Scrutinio D, Lagioia R, Lombardi C, 
Lupi L, Magrì D, Masarone D, Pacileo G, Scicchitano P, Matteo 
Ciccone M, Parati G, Tocchetti CG, Nodari S. Comorbidities in 
chronic heart failure: an update from Italian Society of Cardiol-
ogy (SIC) Working Group on Heart Failure. Eur J Intern Med. 
2020;71:23–31.

	 72.	 Pranata R, Lim MA, Huang I, Raharjo SB, Lukito AA. Hyper-
tension is associated with increased mortality and severity of 
disease in COVID-19 pneumonia: a systematic review, meta-
analysis and meta-regression. J Renin Angiotensin Aldosterone 
Syst. 2020;21:1470320320926899.

	 73.	 Itoh H. A new normal for hypertension medicine with coro-
navirus disease-2019 (COVID-19): proposal from the presi-
dent of the Japanese Society of Hypertension. Hypertens Res. 
2020;43:857–8.

	 74.	 Kario K, Nishizawa M, Hoshide S, Shimpo M, Ishibashi Y, Kunii 
O, et al. Development of a disaster cardiovascular prevention 
network. Lancet. 2011;378:1125–7.

	 75.	 Kant S, Menez SP, Hanouneh M, Fine DM, Crews DC, Bren-
nan DC, Sperati CJ, Jaar BG. The COVID-19 nephrology com-
pendium: AKI, CKD ESKD and transplantation. BMC Nephrol. 
2020;21:449.

350 Cardiovascular Drugs and Therapy (2023) 37:341–351

https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance
https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance


1 3

	 76.	 Su H, Yang M, Wan C, Yi LX, Tang F, Zhu HY, Yi F, Yang HC, 
Fogo AB, Nie X. Zhang C Renal histopathological analysis of 26 
postmortem findings of patients with COVID-19 in China. Rene 
Int. 2020;98:219–27.

	 77.	 Wang L, Li X, Chen H, Yan S, Li D, Li Y, Gong Z. Coronavirus 
disease 19 infection does not result in acute kidney injury: an 
analysis of 116 hospitalized patients from Wuhan. China Am J 
Nephrol. 2020;51:343–8.

	 78.	 Ulu S, Gungor O. Ebru Gok Oguz, Nuri Baris Hasbal, Didem 
Turgut, and Mustafa Arici COVID-19: a novel menace for the 
practice of nephrology and how to manage it with minor devasta-
tion? Ren Fail. 2020;42:710–25.

	 79.	 Han X, Ye Q. Kidney involvement in COVID-19 and its treat-
ments. J Med Virol. 2020;93:1387–95.

	 80.	 Valente S, Colivicchi F, Francese MG, Di Lenarda A, Roncon 
L, Murrone A, Caldarola P, Bilato C, Amodeo E, Aspromonte 
N, Cipriani M, Domenicucci S, Imazio M. Scotto di Uccio F, 
Urbinati S, Gulizia MM, Gabrielli D. Position paper ANMCO: 
Le attività ambulatoriali cardiologiche nella fase di transizione 
della pandemia COVID-19 [ANMCO Position paper: Cardiologi-
cal outpatient activities in the transition phase of the COVID-19 
pandemic]. G Ital Cardiol. 2020;21:584–8.

	 81.	 Ong EHM. War on SARS: a Singapore experience. Can J Emerg 
Med. 2004;6:31–7.

	 82.	 Nadarajan GD, Omar E, Abella BS, Hoe PS, Do Shin S, Ma 
MH, Ong MEH. A conceptual framework for Emergency depart-
ment design in a pandemic. Scand J Trauma Resusc Emerg Med. 
2020;28:118.

	 83.	 Huber K, Goldstein P. Covid-19: implications for prehospital, 
emergency and hospital care in patients with acute coronary syn-
dromes. Eur Heart J Acute Cardiovasc Care. 2020;9:222–8.

	 84.	 Her M. Repurposing and reshaping of hospitals dur-
ing the COVID-19 outbreak in South Korea. One Health. 
2020;10:100137.

	 85.	 Chung HS, Lee DE, Kim JK, Yeo IH, Kim C, Park J, Seo 
KS, Park SY, Kim JH, Kim G, Lee SH, Cheon JJ, Kim YH. 
Revised triage and surveillance protocols for temporary emer-
gency department closures in tertiary hospitals as a response to 
COVID-19 crisis in Daegu Metropolitan City. J Korean Med Sci. 
2020;35:e189.

	 86.	 Yaddanapudi S. Ensuring adequate healthcare in COVID and 
non-COVID areas: an unprecedented challenge. J Anaesthesiol 
Clin Pharmacol. 2020;36(Suppl 1):S6–7.

	 87.	 Nacoti M, Ciocca A, Giupponi A, Brambillasca P, Lussana F, 
Pisano M, et al. At the epicenter of the COVID-19 pandemic 
and humanitarian crises in Italy: changing perspectives on prepa-
ration and mitigation. NEJM Catalyst. 2020. https://​doi.​org/​10.​
1056/​CAT.​20.​0080.

	 88.	 Bilato C, Roncon L, Anselmi M, Valle R, Perrone C, Mecenero 
A, Zuin M. Themistoclakis S; a nome dell’ANMCO Veneto. 
La gestione del paziente cardiologico nella fase post-pandemia 
COVID-19: la proposta dell’ANMCO Regionale Veneto 
[Managing cardiac patients post-COVID-19 pandemic: a 
proposal by the ANMCO Veneto Region]. G Ital Cardiol. 
2020;21:408–16.

	 89.	 Scotto Di Uccio F, Valente S, Colivicchi F, Murrone A, Caldarola 
P, Di Lenarda A, Roncon L, Amodeo E, Aspromonte N, Cipriani 
MG, Domenicucci S, Francese GM, Imazio M, Urbinati S, Guli-
zia MM, Gabrielli D. Position paper ANMCO: Organizzazione 
della Rete per il trattamento dei pazienti con sindrome coro-
narica acuta durante emergenza pandemica COVID-19 [ANMCO 
Position paper: The network organization for the management 
of patients with acute coronary syndrome during the COVID-19 
pandemic]. G Ital Cardiol. 2020;21:332–5.

	 90.	 Valente S, Colivicchi F, Caldarola P, Murrone A, Di Lenarda A, 
Roncon L, Amodeo E, Aspromonte N, Cipriani MG, Domeni-
cucci S, Francese GM, Imazio M. Scotto Di Uccio F, Urbinati 
S, Gulizia MM, Gabrielli D. Position paper ANMCO: Gestione 
delle consulenze e attività ambulatoriali cardiologiche in corso di 
pandemia COVID-19 [ANMCO Position paper: Considerations 
on in-hospital cardiological consultations and cardiology out-
patient clinics during the COVID-19 pandemic]. G Ital Cardiol. 
2020;21:341–4.

	 91.	 Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning-
Benedetto APU, Byrne RA, Collet JP, Falk V, Head SJ, Jüni P, 
Kastrati A, Koller A, Kristensen SD, Niebauer J, Richter DJ, 
Seferovic PM, Sibbing D, Stefanini GG, Windecker S, Yadav R, 
Zembala MO, ESC Scientific Document Group. ESC/EACTS 
Guidelines on myocardial revascularization. Eur Heart J. 
2018;2019(40):87–165.

	 92.	 Ibánez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci 
C, Bueno H, Caforio ALP, Crea F, Goudevenos JA, Halvorsen 
S, Hindricks G, Kastrati A, Lenzen MJ, Prescott E, Roffi M, 
Valgimigli M, Varenhorst C, Vranckx P, Widimský P. 2017 ESC 
Guidelines for the management of acute myocardial infarction in 
patients presenting with ST-segment elevation. Rev Esp Cardiol. 
2017;70:1082.

	 93.	 Charman SJ, Velicki L, Okwose NC, Harwood A, McGregor 
G, Ristic A, et al. Insights into heart failure hospitalizations, 
management, and services during and beyond COVID-19. ESC 
Heart Fail. 2020;8:175–82.

	 94.	 De Filippo O, D’Ascenzo F, De Ferrari GM. Heart failure-related 
hospitalisation and management during the COVID-19 pan-
demic: a reflection. Reply. Eur J Heart Fail. 2020;23:344.

	 95.	 Shah N, Ahmed I, Nazir T. Heart failure-related hospitalisation 
and management during the COVID-19 pandemic: a reflection. 
Eur J Heart Fail. 2020;23:343–4.

	 96.	 Salzano A, D’Assante R, Stagnaro FM, Valente V, Crisci G, 
Giardino F, Arcopinto M, Bossone E, Marra AM, Cittadini A. 
Heart failure management during the COVID-19 outbreak in 
Italy: a telemedicine experience from a heart failure university 
tertiary referral centre. Eur J Heart Fail. 2020;22:1048–50.

	 97.	 Murrone A, Colivicchi F, Roncon L, Caldarola P, Amodeo V, 
Urbinati S, Di Lenarda A, Valente S, Aspromonte N, Cipriani 
M, Domenicucci S, Francese GM, Imazio M. Scotto di Uccio 
F, Scherillo M, Di Pasquale G, Gulizia MM, Gabrielli D. Posi-
tion paper ANMCO: Ruolo della Cardiologia nella gestione 
dei bisogni di salute in era post-COVID-19 [ANMCO Position 
paper: Role of cardiology in the management of health needs in 
the post-COVID-19 era]. G Ital Cardiol. 2020;21:509–13.

	 98.	 D’Amario D, Restivo A, Canonico F, Rodolico D, Galli M, 
Burzotta F, Vergallo R, Trani C, Aspromonte N, Crea F. Expe-
rience of remote cardiac care during Covid.19 pandemic: the 
V.LAPTM device in advanced heart failure. Eur J Heart Fail. 
2020;22:1050–2.

	 99.	 Walsh MN, Ravichandran AK, Seasor E, Salerno CT. Clinical 
distancing of hospitalized patients with advanced heart failure 
and cardiac transplantation during COVID.19. J Heart Lung 
Transplant. 2020;39:730.

	100.	 Agostoni P, Mapelli M, Conte E, Baggiano A, Assanelli E, Apos-
tolo A, Alimento M, Berna G, Guglielmo M, Muratori M, Susini 
F, Palermo P, Pezzuto B, Salvioni E, Sudati A, Vignati C, Mer-
lino L. Cardiac patient care during a pandemic: how to reorganise 
a heart failure unit at the time of COVID.19. Eur J Prev Cardiol. 
2020;27:1127–32.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

351Cardiovascular Drugs and Therapy (2023) 37:341–351

https://doi.org/10.1056/CAT.20.0080
https://doi.org/10.1056/CAT.20.0080

	The Evolving Phenotypes of Cardiovascular Disease during COVID-19 Pandemic
	Abstract
	Introduction
	What’s Happening to Patients with Cardiovascular Disease during the Pandemic of COVID-19
	Main Cardiovascular Complications after COVID-19 Disease

	Changing Phenotypes in Cardiovascular Diseases after COVID-19 Pandemic
	Coronary Artery Disease
	Heart Failure
	Arrhythmias
	Myocarditis
	Pulmonary Hypertension
	Comorbidities (Renal Failure, Diabetes Mellitus, Hypertension)
	Are Cardiologists Ready to Treat Patients with CV Disease after the Pandemic?

	Conclusions
	References


