
A
cc

ep
te

d
 A

rt
ic

le
 

This article has been accepted for publication and undergone full peer review but has not been 
through the copyediting, typesetting, pagination and proofreading process, which may lead to 
differences between this version and the Version of Record. Please cite this article as doi: 
10.xxxx/jah3.5249 
This article is protected by copyright. All rights reserved 

 

Coronavirus Disease 2019 (COVID-19) Pandemic Implications in Pediatric and Adult 

Congenital Heart Disease 

 

Running title: Alsaied et al.; COVID-19 in Pediatric and Congenital Heart Disease 

 

Tarek Alsaied1,MD, Jamil A. Aboulhosn2, MD, Timothy B. Cotts3, MD, Curt J. 

Daniels4,MD, Susan P. Etheridge5, MD, Timothy F. Feltes6, MD, Michelle Z. Gurvitz7, MD, 

Mark B. Lewin8, Matthew E. Oster9, MD, Arwa Saidi, MD10 

 

1Heart Institute, Department of Pediatrics, Cincinnati Children’s Hospital Medical Center, 

University of Cincinnati, Cincinnati, OH; 2Ahmanson/UCLA Adult Congenital Heart Center, 

David Geffen School of Medicine at UCLA, Los Angeles, CA; 3Departments of Internal 

Medicine and Pediatrics, University of Michigan, Ann Arbor, MI; 4The Ohio State University 

and Nationwide Children’s Hospital, Columbus, OH; 5University of Utah and Primary 

Children’s Hospital, Salt Lake City UT; 6Chair of the ACC Adult Congenital and Pediatric 

Cardiology Section; Nationwide Children’s Hospital and The Ohio State University, 

Columbus OH; 7Department of Cardiology, Boston Children’s Hospital, Boston, MA; 

8Department of Pediatrics University of Washington School of Medicine, and Seattle 

Children’s Hospital Heart Center, Seattle, WA; 9Children’s Healthcare of Atlanta, Emory 

University School of Medicine, Atlanta, GA; 10Chair elect of the ACC Adult Congenital and 

Pediatric Cardiology Section; Congenital Heart Center, University of Florida, Gainesville, FL 

 

Address for correspondence:  

Tarek Alsaied, MD 

Heart Institute, Cincinnati Children’s Hospital Medical Center 

3333 Burnet Ave, Cincinnati, OH 45229 

Phone: 513-652-1226/Fax: 513-636-3952/Email: tarek.alsaied2@cchmc.org 

 

Journal Subject Term: Congenital Heart Disease 

 

D
ow

nloaded from
 http://ahajournals.org by on June 1, 2020

mailto:tarek.alsaied2@cchmc.org


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved 

ABSTRACT 

 

The corona virus disease -2019 (COVID-19) is a recently described infectious disease caused 

by the severe acute respiratory syndrome corona virus 2 with significant cardiovascular 

implications. Given the increased risk for severe COVID-19 observed in adults with 

underlying cardiac involvement, there is concern that patients with pediatric and congenital 

heart disease (CHD) may likewise be at increased risk for severe infection. The cardiac 

manifestations of COVID-19 include myocarditis, arrhythmia and myocardial infarction. 

Importantly, the pandemic has stretched health care systems and many care team members 

are at risk for contracting and possibly transmitting the disease which may further impact the 

care of patients with cardiovascular disease. In this review, we describe the effects of 

COVID-19 in the pediatric and young adult population and review the cardiovascular 

involvement in COVID-19 focusing on implications for patients with congenital heart disease 

in particular.  

 

Key words: COVID-19, congenital heart disease, adult congenital heart disease, pediatric 

cardiology 
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ABBREVIATIONS 

 

ACE-I Angiotensin-converting enzyme inhibitor 

ACE Angiotensin Converting Enzyme 

ACHD Adult congenital heart disease 

AP Anatomical and Physiological 

ARB Angiotensin Receptor Blocker 

CDC Centers of Disease Control and Preventions 

CHD Congenital Heart Disease  

COVID-19 Corona virus Disease of 2019 

NSAIDs Non-Steroidal Anti Inflammatory Drugs  

SARS-CoV2 Severe Acute Respiratory Syndrome Corona virus 2 

WHO World Health Organization 
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Corona viruses are important pathogens that can infect humans and animals. At the end of 

2019, a novel corona virus was isolated in Wuhan, a city in China, as a cause of a cluster of 

severe cases of pneumonia and acute respiratory distress syndrome 1. The virus rapidly spread 

around China and the world. On March 11th 2020, COVID-19 was declared as a pandemic by 

the WHO and the virus has infected hundreds of thousands of patients and thousands of health 

care providers 2, 3. While children in general seem to have milder or even asymptomatic forms 

of the illness, there is little to no data in children with chronic medical conditions, specifically 

heart and lung disease 4, 5. The knowledge and experience in caring for patients with COVID-

19 is rapidly evolving and thus it is crucial for all health care providers to be aware of the 

potential impact of COVID-19 on patients with congenital heart disease (CHD).  

COVID-19 is particularly important for cardiac team members for the following reasons:  

1- COVID-19 has higher morbidity and mortality in adult patients with acquired cardiac 

disease.  

2- COVID-19 may affect and impact the cardiovascular system.  

3- COVID-19 may cause symptoms that mimic symptoms of cardiovascular disease like 

cyanosis and shortness of breath commonly seen in forms of worsening cardiac disease.  

4- Cardiac care team members are at risk for acquiring COVID-19 and may play a role in 

spreading the disease between patients and in the society at large.  

5- Patients with CHD are known to have higher risk for complications with viral illnesses 

6, 7.  

6- COVID-19 may stretch our health care system and our resources which may impact the 

care of patients with cardiovascular disease.  

Based on the COVID-19 pandemic trends it is expected that many of the cardiovascular care 

team members will be exposed to patients with COVID-19 in the coming weeks and months. 

In anticipation of the spread of COVID-19 many hospitals and cardiology practices have 
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changed their care models and policies to accommodate the care of patients impacted by 

COVID-19 and prevent the spread of the disease.  

The objective of this review is to explore the current knowledge about COVID-19 potential 

effects on the cardiovascular system in the pediatric cardiology and adult CHD population. In 

addition, we will review the prevention practices and the impact on the health care team 

wellness.  

 

Methods 

Due to the emergent and evolving nature of COVID-19 we reviewed the published literature 

in MEDLINE through PubMed and critically assessed early reports using a search for COVID-

19 and SARS-CoV-2 in medRxiv and bioRxiv from January 1st 2020 until March 23rd 2020. 

We had personal communications with multiple organizations around the world caring for 

children and adults with CHD and we reviewed social media reports from leaders in the field 

of congenital cardiology. In addition, the websites of the health organizations including WHO 

and CDC were reviewed to provide up to date numbers and infection control recommendations. 

A congenital cardiology email list serve was initiated on the 15th March to facilitate discussion 

and share experiences and ideas on topics such as:  strategies to manage outpatient clinic, 

inpatient service, procedure prioritization, screening, telemedicine and dealing with staff 

illness and school closures and we share some thoughts and information from physicians on 

the frontline of care of patients with COVID-19.      

 

Pathophysiology 

SARS-CoV2 belongs to the Coronaviridae family. As a group this family has a single strand 

RNA genome 8. The viral RNA closely resembles the RNA of two bat corona viruses (88% 

identical) 9. The hypothesis is that the bat is likely the primary source of the virus although the 
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mechanism of transfer from bat to human is still unclear (i.e. whether it was through direct 

transmission or whether there was an intermediate host) 8, 9. The virus is also closely related 

(79% identical) to the SARS corona virus which was responsible for an outbreak in China in 

2002-2003 and 50% identical to the Middle East Respiratory Syndrome corona virus that 

caused an outbreak in the Arabian Peninsula in 2012 8-10.  Importantly the virus enters the cells 

using the angiotensin converting enzyme 2 (ACE-2) 11, 12. SARS-CoV2 spike protein binds to 

the ACE-2 and the virus enters the cells through endocytosis 13, 14. ACE-2 are expressed on the 

surface of epithelial cells within the alveoli and small intestine which explain the respiratory 

and gastrointestinal symptoms associated with the disease 14, 15.  ACE2 is a membrane bound 

protein that is also expressed in vascular endothelium, renal tissue and cardiovascular tissue 16. 

ACE converts angiotensin I to angiotensin 2 while ACE-2 deactivates angiotensin 2 17. 

Angiotensin 2 stimulates lung injury and ACE-2 serves a role in lung protection as it 

deactivates angiotensin 2. Viral binding to ACE-2 deactivates the protective role of ACE-2 and 

that may contribute to severe lung injury seen with COVID-19 13, 15.      

 

Epidemiology 

More than 2.5 million cases of COVID-19 have been confirmed worldwide  with more than 

175,000 deaths attributed to COVID-19 according to the WHO website as of 04/23/2020 2, 18. 

Of these cases 84,000 cases were reported from China where the disease peaked between mid-

January and early February 2, 19, 20. The initial patients had worked or visited a seafood “wet” 

market in Wuhan that sold live animals and was closed subsequently for infection control 21, 

22. Human to human spread subsequently became the main source of transmission 2, 19. The 

disease then spread around the world initially through patients travelling from China followed 

by local transmission 5. As of April 23rd 2020, there were 800,926 confirmed cases in the 

United States and over 40,000 deaths due to COVID-19 according to the Centers for Disease 
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Control and Prevention (CDC) website 5.  Transmission is thought to occur mainly via 

respiratory droplets produced during talking, coughing or sneezing similar to other corona 

viruses and similar to the influenza virus 23. Transmission from asymptomatic individuals or 

patients in the incubation period has been documented 24, 25. The virus can also stay viable in 

aerosols up to 2.6 hours and can stay for hours to days on surfaces, especially plastic and 

stainless steel 23.  

 

Clinical presentation 

In adult patients the incubation period is up to two weeks with a median of 4-5 days 25-27. More 

than 80% of  infected individuals will remain asymptomatic or develop mild pneumonia 11. 

About 15% of  patients will develop severe pneumonia and another 5% of patients will develop 

critical disease with respiratory and multi-organ failure and shock 11. Fever is the most common 

symptom reported in most adult patients followed by fatigue and dry cough 1, 28. Other 

symptoms include myalgia, anorexia, dyspnea, loss of sense of taste and smell (anosmia) and 

less commonly rhinorrhea, headache and sore throat 28-30. Gastrointestinal symptoms including 

diarrhea and nausea have also been reported in up to 51% of patients 31, 32. The median time to 

hospital admission is 7 days from the start of symptoms 31. According to the WHO, recovery 

happens in two weeks in mild cases and in up to 6 weeks in severe cases 3, 33. The median time 

from symptoms to death in severe cases is estimated to be between 13-17 days 34. Estimating 

case fatality rate is challenging and is evolving depending on the testing policies in each 

country and the age and risk profile of the infected patients. The rates reported range from 0.4 

% up to 5.8 % 11, 35-37.  
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COVID-19 in Children and Young Patients 

While the severity and mortality due to COVID-19 is higher in older patients, the virus can 

also infect children and young adults 38, 39. Overall only 2% of the reported cases from China 

were in individuals younger than 20 years and less than 1% were younger than 10 years 11, 40. 

Fortunately, the disease in children is reported to be milder than adults although severe cases 

with multi-organ involvement have been reported 41, 42. A nationwide case series from China 

included 2143 pediatric patients with COVID-19 43. Of those, 731 had positive testing while 

the rest had highly suspicious clinical picture 43. Severe disease with hypoxia was reported in 

5% of the cases while a total of 13 patients had critical disease with acute respiratory distress 

syndrome or multi-organ failure and one death was reported in a 14 year-old 43. Compared to 

older children, infants had a high risk for severe disease 43. Another study looked at all the 

cases tested and treated at the Wuhan Children’s Hospital which is the only hospital to test and 

treat Children in Wuhan for COVID-19 11. Of 1391 patients tested, 171 (12.3%) were 

confirmed to have SARS-COV2 infection at a median age of 6.7 years. Of these 16% were 

asymptomatic and only 42% were febrile at some point during the illness. During the course 

of the admission only 3 of 171 patients required intensive care unit and mechanical ventilation 

and all 3 had preexisting conditions (intussusception, leukemia on maintenance chemotherapy 

and hydronephrosis). One 10 month old patient died but the patient also had intussusception 

with multi-organ failure 11.  

 

COVID-19 and the cardiovascular system 

The data on cardiovascular involvement with COVID-19 is evolving 44. COVID-19 may result 

in cardiac injury through multiple potential mechanisms, including: 

1. Cardiomyocyte injury due to an acute and severe inflammatory response as seen 

during a cytokine storm 
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2. Viral invasion of cardiomyocytes resulting in cellular damage 

3. Ischemic injury in the presence of severe hypoxia as a result of acute lung injury  

A recent meta-analysis evaluated the prevalence and effect of preexisting cardiovascular 

disease in patients with COVID-19 45. The study evaluated 1527 patients and reported the 

prevalence of hypertension, cardiac and cerebrovascular disease, and diabetes to be 17%, 16% 

and 10% respectively 46. Studies from China and Italy consistently show that preexisting 

cardiovascular disease increase the risk of mortality in patients with COVID-19 11, 47. The 

mechanism for increased risk of mortality is likely multifactorial including older age in patients 

with cardiac morbidities and altered immunologic response due to age and diabetes 48, 49. A 

population with potentially increased risk is patients with heart transplantation due to 

immunosuppression and two case reports describe COVID-19 in heart transplant patients 50-52. 

One patient had mild disease while the other had severe disease. Both patients were 

successfully treated with steroids, intravenous immunoglobulins and antibiotics and both 

survived without rejection 50, 51.  

Multiple cardiovascular sequelae are reported in patients with COVID-19 which may lead to 

or exacerbate cardiac disease 44. Myocardial injury evidenced by elevated troponin is common 

in COVID-19 especially in patients with severe disease 44, 53.  Arrhythmia is also commonly 

seen in COVID-19 patients and while nonspecific, palpitations are one of the presenting 

symptoms in 7% of the patients 31, 44, 54. Arrhythmia was noted in 16% of a group of hospitalized 

adult patients in China and was more common in the ICU setting 31. There remains uncertainty 

about the specifics of the type of arrhythmia and there are no data in children.  Arrhythmia 

could be related to stress, inflammation and metabolic abnormalities but the development of 

new malignant arrhythmias should raise the suspicion for an underlying myocarditis 44, 54. 

Myocarditis is a significant contributor to mortality in up to one third of cases with severe 

COVID-19 and was the primary cause of death in 7% of the patients 55. Autopsy found evidence 
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of fulminant myocarditis with inflammatory mononuclear infiltrates in the myocardial tissue 

in some cases although the prevalence and risk factors for myocarditis are yet to be described 

44. Heart failure was reported in up to 23% of patients with COVID-19 with a high prevalence 

of mortality 56. Whether this is due to unmasking of pre-existing left ventricular dysfunction or 

new onset of cardiomyopathy due to myocarditis remains unclear 56. Finally some severe cases 

may progress to cardiogenic shock and extracorporeal membranous oxygenation support may 

be considered in these cases although the prognosis is poor with 83% mortality in one report 

44, 57.  

 

Special Considerations in the Pediatric Cardiology and Adult Congenital Heart Disease 

Population 

CHD affects up to 1% of the general population and remains the leading cause of infant 

mortality due to congenital malformations 58. The survival has improved significantly and it is 

estimated that there are 2.4 million patients with CHD living in the United States of whom 1.4 

million are adults with CHD 59. Fortunately, children have low mortality due to COVID-19 

with only few reported deaths 40, 42, 60. Nevertheless, it is unclear what the risk of severe 

COVID-19 is in a patient with CHD who becomes infected. Given the experience in patients 

with CHD with previous viral diseases including influenza and respiratory syncytial virus, it is 

reasonable to expect that those with severe CHD are at higher risk of having severe COVID-

19 6, 7. The AHA/ACC guidelines for the care of adults with CHD utilize an anatomical and 

physiological (AP) classification for the severity of CHD. This can be useful while assessing 

the risk for COVID-19 in this population as patients with more severe disease (AP Class IB-

D, IIA-D and IIIA-D) are likely at higher risk for COVID-19 disease 61, 62. These AP Classes 

are summarized in Table 1. On March 18th  2020, the British Congenital Cardiac Association 

issued a statement to identify vulnerable patients with CHD 63. These highest risk groups are 
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summarized in Table 2. In addition to the cardiac morbidity, many patients with CHD also 

have other organ involvement including chronic lung disease, cirrhosis and renal disease which 

may also increase the risk of COVID-19 64. We want to emphasize that there is very limited 

evidence to make firm recommendations and that these are based on the experience with 

previous viral diseases 6, 7. Of note cardiovascular morbidities like diabetes and hypertension 

may also increase the risk of COVID-19 in pediatric patients similar to that seen in adult 

patients. Additionally, diabetes, hypertension, and acquired cardiovascular disease may co-

exist in adults with CHD, potentially further increasing their risks. It is also important to note 

that many symptoms of COVID-19 may mimic symptoms of worsening cardiac conditions in 

the CHD population. Symptoms such as shortness of breath, palpitations and fever are 

commonly seen in endocarditis which is a major concern in patients with CHD 65.  The same 

symptoms can also be seen in heart failure decompensation due to a viral illnesses and these 

considerations should be kept in mind during the COVID-19 pandemic.    

 

COVID-19 and Medications 

 

Aspirin 

Aspirin is commonly used in the pediatric and adult population with CHD for its antiplatelet 

effects at a low dose of 3-5 mg/kg/day 66. There is an association between the use of aspirin 

and the development of Reye syndrome, a rare form of hepatic encephalopathy, in young 

children taking high dose aspirin for Kawasaki disease who have concurrent infection with 

influenza or varicella 67, 68. There are no reports of Reye syndrome in patients on low dose 

aspirin typically used with CHD or with COVID-19 60. Due to that we currently do not stop 

aspirin in children or adults with CHD and COVID-19.  
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Ibuprofen and Nonsteroidal anti-inflammatory medications (NSAIDs) 

There is no convincing evidence that NSAIDs are harmful in COVID-19 although some 

clinicians suggested a possible negative impact if used early in the course of the disease for 

fever 69. The WHO and the European Medicines Agency currently approve the use of ibuprofen 

and NSAIDs in COVID-19 70, 71. The British Congenital Cardiac Association suggested 

avoiding NSAIDs to treat fever in COVID-19 63.   

 

Angiotensin converting enzyme inhibitors (ACE-i) and angiotensin receptor blockers 

(ARB) 

The ACE-2 is used by the virus for cell entry 44. At this point there is insufficient data to suggest 

that ACE-i/ARB could affect the course of COVID-19 11, 44.  ACE-i/ARBs suppress 

Angiotensin II or blocks its effect on its receptor. This is a positive effect to blunt the 

pulmonary inflammatory response and may result in upregulation of ACE-2 which can be a 

positive effect for the same reason but at the same time carries the potential risk of increasing 

SARS-CoV-2 entrance to the alveolar cells 56. In the Chinese data the rate of hypertension was 

significantly higher in patients who died post COVID-19. Whether this is because of the older 

age and multiple comorbidities in the patients with hypertension or if it has any relationship to 

the ACE-i/ARBs use is unclear 56, 72. It is our practice currently not to stop ACE-i/ARB in 

patients who have COVID-19 as stopping these medications could have harmful effects. The 

ACC, American Heart Association and the Heart Failure Society of America issued a statement 

recommending not adding or removing these medications for patients who are taking these 

medications if diagnosed with COVID-19 and to follow an individualized approach 73.  
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Anticoagulation 

Coagulation cascade abnormalities and disseminated intravascular coagulation (DIC) are 

reported in patients hospitalized with severe COVID-19 disease 44, 56, 74. We suggest continuing 

anticoagulation in mild cases with monitoring from the prescribing physician. Adjusting 

anticoagulation can be done as needed in cases of severe COVID-19.     

 

Beta blockers, diuretics and antiarrhythmic medications 

There is no data to suggest any interaction of COVID-19 with these medications and we suggest 

continuing these medications and adjusting as needed by the prescribing physician.  

 

Medications used to treat COVID-19 effects on the cardiovascular system (Table 3) 

The interaction between COVID-19 treatments and the cardiovascular system are previously 

reviewed in JACC 44. Several medications are under active investigation to treat COVID-19 75. 

Antiviral medications being trialed include ritonavir/lopinavir which can cause QT 

prolongation 44. Ribavirin, another antiviral being investigated, and ritonavir/lopinavir can also 

interact with anticoagulants 44, 76. Remdesivir, an investigational antiviral medication used to 

treat Ebola virus, is being trialed and although cardiovascular toxicities have not been reported, 

among 175 patients one developed hypotension and cardiac arrest after the loading dose 44, 77.  

Chloroquine and hydroxychloroquine, antimalarial agents, have been shown in vitro to have 

inhibitory activity on SARS-CoV2 due to increasing cellular endosomal PH and thus 

preventing the viral endocytosis into the cells 75, 78-80. This medication has been trialed in vitro 

and has been shown to be effective. However, there is limited human data to support 

effectiveness in humans 80, 81. One small study treated 20 patients who were asymptomatic or 

had mild COVID-19 with hydroxychloroquine in combination with azithromycin and showed 

a significant decrease in viral load in treated patients 81.  The results should be taken with 
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caution as the medication was previously tried in cases of influenza, HIV and zika virus and 

showed effectiveness in vitro without any positive effect in humans 80. Of note these agents 

have QT prolonging effects which should be taken into consideration especially when 

combined with hypokalemia, hypomagnesemia, myocarditis or other QT prolonging 

medications. This includes azithromycin, another commonly used antibiotic in respiratory 

infections with QT prolonging effects that is being trialed in COVID-19 infections 44, 75.  This 

would be of particular concern in patients in an intensive care unit setting where a variety of 

QT affecting medications and physiologic conditions might put patients at risk of myocardial 

hypersensitivity and arrhythmia risk. A list of these medications can be found at 

https://www.crediblemeds.org/.   

 

Considerations for the Cardiac Care Team  

Prevention 

Screening all patients entering a health care facility for COVID-19 symptoms including fever 

and respiratory symptoms, travel and exposure to COVID-19 cases is essential for early 

identification of potential COVID-19 patients and to allow care team members to wear 

appropriate personal protective equipment (PPE) (Figure 1) 82. Screening may be through the 

phone before the patient arrives and should employ the use of interpretation services when 

needed.  Non-urgent cardiac visits should be rescheduled for a later date, particularly if the 

patient has viral symptoms without concern for possible worsening cardiovascular disease. 

Urgent cardiac visits with symptomatic patients (or if asymptomatic but with a high-risk 

exposure) should include the use of a facemask  by the patient and ideally a separate waiting 

rooms 82. Any caregiver entering the room for a confirmed or suspected COVID-19 case should 

wear a gown, gloves, eye protection and a respirator (e.g. N95). When the supply of respirators 

is limited a facemask is an acceptable alternative for routine interaction but a respirator 
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(preferably a powered or controlled air purifying respirator) should be worn for any aerosol 

generating procedures 82. These procedures include intubation, cardiopulmonary resuscitation, 

and manual ventilation before intubation 44, 82. Transesophageal echocardiography (TEE) has 

been included on this list; but the data is currently unavailable as to whether the risk of 

aerosolization during TEE is similar in both the setting of the paralyzed and intubated patient 

as opposed to the sedated patient without cuffed intubation who might be expected to gag or 

cough during the procedure. In light of this data gap, a conservative approach should be 

employed.  

 

Triaging elective cases and visits and limiting provider exposure: 

During this pandemic, patient to provider, provider to patient and provider to provider 

transmission represent major challenges. It is important to know that 3.8% of the cases reported 

from China were of healthcare team members suggesting that health care providers are at a 

significantly increased risk of contracting COVID-19 11, 83. This emphasizes the need for self-

protection by all providers. This is especially a challenge in cases where PPE are limited and 

in emergent interventions such as cardiopulmonary resuscitation; providers should prioritize 

following PPE guidelines and should limit exposure. Similarly, elective and nonessential visits 

and procedures should be postponed. In the CHD settings, these include non-urgent cardiac 

surgeries, cardiac catheterization, TEE and electrophysiological procedures. Office visits can 

be postponed or scheduled through phone calls or telemedicine. Telemedicine technologies 

limit the patient and provider exposure while still allowing for patient care 44. Teams must go 

through the exercise of considering unintended consequence to delayed access to care for the 

patient and put into place safeguards in their strategy. The duration of the corona virus 

pandemic is uncertain and therefore requires frequent reassessment of care plans. Specific 

definitions of urgent versus non-urgent should be created so that schedulers and care providers 
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are in alignment.  The definition of non-urgent should include the concept that “delay of a 

certain duration unlikely to result in patient harm”. Other strategies may include limiting the 

number of team members with exposure to suspected cases by allowing phone and chart review 

consults in patients admitted to the hospital. Most congenital cardiac centers hold weekly 

multidisciplinary conferences to discuss the cases and all team members including cardiologist, 

surgeons and anesthesiologists attend these conferences. Due to the requirement of social 

distancing to limit viral transmission management, and teaching conferences should be limited 

and virtual meetings should replace in person meetings (Figure 2)84. In addition, many 

hospitals are implementing staff screening strategies for symptoms and taking temperature for 

all employees and is assigning those staff non-essential for patient care to work remotely during 

these times. As age is a risk factor for severe disease, decisions must be made as to whether to 

restrict older physicians and care team members to work in settings with lower potential for 

exposure. In addition to the physical risks this is a stressful time for the care team members 

and it is important to keep provider wellness in mind. Resources can be found on the American 

College of Cardiology website and other professional societal websites 85. During this time of 

“physical” distancing it is important to maintain “social connectivity” by supporting each other 

through our professional societies, our teams and our personal support networks. This has 

become increasingly via available video communication enterprises 85, 86.  

 

Education is needed 

New information is emerging every day on COVID-19. It is important to continue to follow 

the guidelines from the WHO, the CDC, your local health department, hospital and practice. It 

is also crucial to make this information easily available and accessible in real time and utilize 

data visualization tools to allow smooth transformation of the data to the public. In addition, 

social distancing has limited trainee education. Online education is now accessible and 
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resources from the ACC 2020 virtual national meeting will be available free of charge. Efforts 

to make other recorded material available for all providers are ongoing. Finally technology 

allows virtual meetings with video communications and conferences to allow for fellows 

teaching and continue to make multidisciplinary discussions accessible to all care team 

members.  

 

Gaps in Knowledge and Future Directions 

While data are emerging on COVID-19 effect on the cardiovascular system, there are several 

areas where further research is needed. Identifying high risk patients among children and adults 

with CHD is a priority. Furthermore, studies to understand the mechanisms of cardiovascular 

involvement in COVID-19 will facilitate the efforts to discover treatment options. In addition, 

several trials are ongoing searching for identification of the significance of the infection in 

patients with CHD, treatments and post exposure prophylaxis. An example is a collaboration 

effort between the Adult Congenital Heart Association and the International Society for Adults 

with Congenital Heart Disease in order to better understand the impact and burden of COVID-

19 on adults with CHD in the United States and globally. 

 

Conclusion 

During these trying times of COVID-19 pandemic, cardiovascular team members will play a 

central role in controlling the disease. Patients with CHD are likely to become increasingly 

affected with COVID-19 and may have more grave outcomes than other populations during 

the pandemic due to their perturbed physiologic state and co-morbidities. Infection control 

processes are crucial. Continuing research and education about the disease may provide us 

with insights to alleviate morbidity and mortality in the near future.  

 

D
ow

nloaded from
 http://ahajournals.org by on June 1, 2020



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved 

Sources of Funding: None. 

 

Disclosures: None. 

 

References:  

 

1. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, et al. Clinical 
features of patients infected with 2019 novel coronavirus in wuhan, china. Lancet. 
2020;395:497-506 

2. Sohrabi C, Alsafi Z, .O'Neill N, Khan M, Kerwan A, Al-Jabir A, Iosifidis C, Agha R. World 
health organization declares global emergency: A review of the 2019 novel 
coronavirus (covid-19). Int J Surg. 2020;76:71-76. 

3. Who director-general's opening remarks at the media briefing on covid-19 - 11 
march 2020. https://www.who.int/dg/speeches/detail/who-director-general-s-
opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020. 2020. 

4. Covid-19 (coronavirus). Lymphat Res Biol. 2020;18:99-100. 
5. Cases in u.S. Centers for disease control and prevention 

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html.  
6. American Academy of Pediatrics Committee on Infectious D, American Academy of 

Pediatrics Bronchiolitis Guidelines C. Updated guidance for palivizumab prophylaxis 
among infants and young children at increased risk of hospitalization for respiratory 
syncytial virus infection. Pediatrics. 2014;134:e620-638. 

7. Bare I, Crawford J, Pon K, Farida N, Dehghani P. Frequency and consequences of 
influenza vaccination in adults with congenital heart disease. The American journal 
of cardiology. 2018;121:491-494. 

8. Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu Y, Li B, Huang CL, et 
al. A pneumonia outbreak associated with a new coronavirus of probable bat origin. 
Nature. 2020;579:270-273. 

9. Lu R, Zhao X, Li J, Niu P, Yang B, Wu H, Wang W, Song H, Huang B, Zhu N, et al. 
Genomic characterisation and epidemiology of 2019 novel coronavirus: Implications 
for virus origins and receptor binding. Lancet. 2020;395:565-574. 

10. Al-Raddadi RM, Shabouni OI, Alraddadi ZM, Alzalabani AH, Al-Asmari AM, Ibrahim A, 
Almarashi A, Madani TA. Burden of middle east respiratory syndrome coronavirus 
infection in saudi arabia. J Infect Public Health. 2020;13:692-696. 

11. Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus 
disease 2019 (covid-19) outbreak in china: Summary of a report of 72314 cases from 
the chinese center for disease control and prevention. JAMA. 2020 Feb 24 [epub 
ahead of print]. 

12. Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the covid-19 virus targeting the cns: 
Tissue distribution, host-virus interaction, and proposed neurotropic mechanisms. 
ACS Chem Neurosci. 2020;11:995-998. 

D
ow

nloaded from
 http://ahajournals.org by on June 1, 2020

https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved 

13. Liu Z, Xiao X, Wei X, Li J, Yang J, Tan H, Zhu J, Zhang Q, Wu J, Liu L. Composition and 
divergence of coronavirus spike proteins and host ace2 receptors predict potential 
intermediate hosts of sars-cov-2. J Med Virol. 2020 Feb 26 [epub ahead of print]. 

14. To KF, Lo AW. Exploring the pathogenesis of severe acute respiratory syndrome 
(sars): The tissue distribution of the coronavirus (sars-cov) and its putative receptor, 
angiotensin-converting enzyme 2 (ace2). J Pathol. 2004;203:740-743 

15. Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, Huan Y, Yang P, Zhang Y, Deng W, et al. 
A crucial role of angiotensin converting enzyme 2 (ace2) in sars coronavirus-induced 
lung injury. Nature medicine. 2005;11:875-879. 

16. Jia HP, Look DC, Shi L, Hickey M, Pewe L, Netland J, Farzan M, Wohlford-Lenane C, 
Perlman S, McCray PB, Jr. Ace2 receptor expression and severe acute respiratory 
syndrome coronavirus infection depend on differentiation of human airway 
epithelia. Journal of virology. 2005;79:14614-14621. 

17. Nicholls J, Peiris M. Good ace, bad ace do battle in lung injury, sars. Nature medicine. 
2005;11:821-822. 

18. Coronavirus disease (covid-19) pandemic 
https://www.who.int/emergencies/diseases/novel-coronavirus-2019.  

19. Purcell LN, Charles AG. An invited commentary on "world health organization 
declares global emergency: A review of the 2019 novel coronavirus (covid-19)": 
Emergency or new reality? Int J Surg. 2020;76:111. 

20. Shah SGS, Farrow A. A commentary on "world health organization declares global 
emergency: A review of the 2019 novel coronavirus (covid-19)". Int J Surg. 
2020;76:128-129. 

21. Adhikari SP, Meng S, Wu YJ, Mao YP, Ye RX, Wang QZ, Sun C, Sylvia S, Rozelle S, Raat 
H, et al. Epidemiology, causes, clinical manifestation and diagnosis, prevention and 
control of coronavirus disease (covid-19) during the early outbreak period: A scoping 
review. Infect Dis Poverty. 2020;9:29. 

22. Barry M, Al Amri M, Memish ZA. Covid-19 in the shadows of mers-cov in the 
kingdom of saudi arabia. J Epidemiol Glob Health. 2020;10:1-3. 

23. van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A, Williamson BN, 
Tamin A, Harcourt JL, Thornburg NJ, Gerber SI, et al. Aerosol and surface stability of 
sars-cov-2 as compared with sars-cov-1. N Engl J Med. 2020;382:1564-1567. 

24. Rothe C, Schunk M, Sothmann P, Bretzel G, Froeschl G, Wallrauch C, Zimmer T, Thiel 
V, Janke C, Guggemos W, et al. Transmission of 2019-ncov infection from an 
asymptomatic contact in germany. The New England journal of medicine. 
2020;382:970-971. 

25. Yu P, Zhu J, Zhang Z, Han Y, Huang L. A familial cluster of infection associated with 
the 2019 novel coronavirus indicating potential person-to-person transmission 
during the incubation period. J Infect Dis. 2020;221:1757-1761. 

26. Centers of disease control. Symptoms of coronavirus. . 
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html. 
Accessed on 3/26/2020 

27. Lauer SA, Grantz KH, Bi Q, Jones FK, Zheng Q, Meredith HR, Azman AS, Reich NG, 
Lessler J. The incubation period of coronavirus disease 2019 (covid-19) from publicly 
reported confirmed cases: Estimation and application. Ann Intern Med. 
2020;172:577-582. 

D
ow

nloaded from
 http://ahajournals.org by on June 1, 2020

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved 

28. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui DSC, et al. 
Clinical characteristics of coronavirus disease 2019 in china. N Engl J Med. 
2020;382:1708-1720. 

29. Loss of sense of smell as marker of covid-19 infection 
https://www.entuk.org/sites/default/files/files/Loss%20of%20sense%20of%20smell
%20as%20marker%20of%20COVID.pdf. Accessed 3/26/2020. 

30. Aao-hns: Anosmia, hyposmia, and dysgeusia symptoms of coronavirus disease. 
https://www.entnet.org/content/aao-hns-anosmia-hyposmia-and-dysgeusia-
symptoms-coronavirus-disease. Accessed 3/26/2020. 

31. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z, Xiong Y, et al. 
Clinical characteristics of 138 hospitalized patients with 2019 novel coronavirus-
infected pneumonia in wuhan, china. JAMA. 2020;323:1061-1069. 

32. Clinical characteristics of covid-19 patients with digestive symptoms in hubei, china: 
A descriptive, cross-sectional, multicenter study. 
https://journals.lww.com/ajg/Documents/COVID_Digestive_Symptoms_AJG_Prepro
of.pdf. Accessed 3/26/2020 

33. Who director-general's opening remarks at the media briefing on covid-19 - 24 
february 2020. https://www.who.int/dg/speeches/detail/who-director-general-s-
opening-remarks-at-the-media-briefing-on-covid-19---24-february-2020. 2020 

34. Linton NM, Kobayashi T, Yang Y, Hayashi K, Akhmetzhanov AR, Jung SM, Yuan B, 
Kinoshita R, Nishiura H. Incubation period and other epidemiological characteristics 
of 2019 novel coronavirus infections with right truncation: A statistical analysis of 
publicly available case data. J Clin Med. 2020;9. 

35. Grasselli G, Pesenti A, Cecconi M. Critical care utilization for the covid-19 outbreak in 
lombardy, italy: Early experience and forecast during an emergency response. JAMA. 
2020 Mar 13 [epub ahead of print]. 

36. Battegay M, Kuehl R, Tschudin-Sutter S, Hirsch HH, Widmer AF, Neher RA. 2019-
novel coronavirus (2019-ncov): Estimating the case fatality rate - a word of caution. 
Swiss Med Wkly. 2020;150:w20203. 

37. Kcdc. Updates on covid-19 in korea. March 14, 2020. 
https://www.cdc.go.kr/board/board.es?mid=a30402000000&bid=0030. Accessed 
3/23/2020. 

38. Yasri S, Wiwanitkit V. Clinical features in pediatric covid-19. Pediatr Pulmonol. 
2020;55:1169-1174. 

39. Singhal T. A review of coronavirus disease-2019 (covid-19). Indian journal of 
pediatrics. 2020;87:281-286. 

40. Lu X, Zhang L, Du H, Zhang J, Li YY, Qu J, Zhang W, Wang Y, Bao S, Li Y, et al. Sars-cov-
2 infection in children. N Engl J Med. 2020;382:1663-1665. 

41. Cui Y, Tian M, Huang D, Wang X, Huang Y, Fan L, Wang L, Chen Y, Liu W, Zhang K, et 
al. A 55-day-old female infant infected with covid 19: Presenting with pneumonia, 
liver injury, and heart damage. Infect Dis. 2020;221:1775-1781. 

42. L.A. County teen's death may be coronavirus related. Here is what we know. 
https://www.latimes.com/california/story/2020-03-24/los-angeles-young-person-
coronavirus-death. 2020 

43. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, Tong S. Epidemiological characteristics of 
2143 pediatric patients with 2019 coronavirus disease in china. Pediatrics. 2020 Mar 
16 [epub ahead of print]. 

D
ow

nloaded from
 http://ahajournals.org by on June 1, 2020

https://www.entuk.org/sites/default/files/files/Loss%20of%20sense%20of%20smell%20as%20marker%20of%20COVID.pdf
https://www.entuk.org/sites/default/files/files/Loss%20of%20sense%20of%20smell%20as%20marker%20of%20COVID.pdf
https://www.entnet.org/content/aao-hns-anosmia-hyposmia-and-dysgeusia-symptoms-coronavirus-disease
https://www.entnet.org/content/aao-hns-anosmia-hyposmia-and-dysgeusia-symptoms-coronavirus-disease
https://journals.lww.com/ajg/Documents/COVID_Digestive_Symptoms_AJG_Preproof.pdf
https://journals.lww.com/ajg/Documents/COVID_Digestive_Symptoms_AJG_Preproof.pdf
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---24-february-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---24-february-2020
https://www.cdc.go.kr/board/board.es?mid=a30402000000&bid=0030
https://www.latimes.com/california/story/2020-03-24/los-angeles-young-person-coronavirus-death
https://www.latimes.com/california/story/2020-03-24/los-angeles-young-person-coronavirus-death


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved 

44. Driggin E, Madhavan M, Bikdeli B, Chuich T, Laracy J, Biondi-Zoccai G, Brown TS, Der 
Nigoghossian C, Zidar DA, et al. Cardiovascular considerations for patients, health 
care workers, and health systems during the coronavirus disease 2019 (covid-19) 
pandemic. J Am Coll Cardiol. 2020;75:2352-2371. 

45. 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;109:531-538. 

46. Abadir S, Khairy P. Electrophysiology and adult congenital heart disease: Advances 
and options. Progress in cardiovascular diseases.53:281-292. 

47. Porcheddu R, Serra C, Kelvin D, Kelvin N, Rubino S. Similarity in case fatality rates 
(cfr) of covid-19/sars-cov-2 in italy and china. J Infect Dev Ctries. 2020;14:125-128. 

48. Zidar DA, Al-Kindi SG, Liu Y, Krieger NI, Perzynski AT, Osnard M, Nmai C, Anthony DD, 
Lederman MM, Freeman ML, et al. Association of lymphopenia with risk of mortality 
among adults in the us general population. JAMA Netw Open. 2019;2:e1916526. 

49. Saltiel AR, Olefsky JM. Inflammatory mechanisms linking obesity and metabolic 
disease. J Clin Invest. 2017;127:1-4 

50. Li F, Cai J, Dong N. First cases of covid-19 in heart transplantation from china. J Heart 
Lung Transplant. 2020;39:496-497. 

51. Aslam S, Mehra MR. Covid-19: Yet another coronavirus challenge in transplantation. 
J Heart Lung Transplant. 2020;39:408-409. 

52. Ren Z, Hu R, Wang Z, Zhang M, Ruan Y, Wu Z, Wu H, Hu X, Hu Z, Ren W, et al 
Epidemiological and clinical characteristics of heart transplant recipients during the 
2019 coronavirus outbreak in wuhan, china a descriptive study. J Heart Lung 
Transplant. 2020;39:412-417. 

53. Lippi G, Lavie CJ, Sanchis-Gomar F. Cardiac troponin i in patients with coronavirus 
disease 2019 (covid-19): Evidence from a meta-analysis. Progress in cardiovascular 
diseases. 2020 Mar 10 [epub ahead of print]. 

54. Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma JP, Xiao W, Wang YN, Zhong MH, Li CH, 
et al. Clinical characteristics of novel coronavirus cases in tertiary hospitals in hubei 
province. Chin Med J (Engl). 2020;133:1025-1031. 

55. Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortality due to covid-
19 based on an analysis of data of 150 patients from wuhan, china. Intensive Care 
Med. 2020;46:846-848. 

56. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X, et al. Clinical 
course and risk factors for mortality of adult inpatients with covid-19 in wuhan, 
china: A retrospective cohort study. Lancet. 2020;395:1054-1062. 

57. MacLaren G, Fisher D, Brodie D. Preparing for the most critically ill patients with 
covid-19: The potential role of extracorporeal membrane oxygenation. JAMA. 2020 
Feb 9 [epub ahead of print]. 

58. Aberdeen E. The total correction of congenital heart disease in infants. Annual 
review of medicine. 1975;26:451-464. 

59. Gilboa SM, Devine OJ, Kucik JE, Oster ME, Riehle-Colarusso T, Nembhard WN, Xu P, 
Correa A, Jenkins K, Marelli AJ. Congenital heart defects in the united states: 
Estimating the magnitude of the affected population in 2010. Circulation. 
2016;134:101-109. 

D
ow

nloaded from
 http://ahajournals.org by on June 1, 2020



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved 

60. Liu W, Zhang Q, Chen J, Xiang R, Song H, Shu S, Chen L, Liang L, Zhou J, You L, et al. 
Detection of covid-19 in children in early january 2020 in wuhan, china. N Engl J 
Med. 2020;382:1370-1371.  

61. Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, Colman JM, Crumb SR, 
Dearani JA, Fuller S, Gurvitz M, et al. 2018 aha/acc guideline for the management of 
adults with congenital heart disease: Executive summary: A report of the american 
college of cardiology/american heart association task force on clinical practice 
guidelines. Circulation. 2019;139:e637-e697. 

62. Stout KK, Daniels CJ, Aboulhosn JA, Bozkurt B, Broberg CS, Colman JM, Crumb SR, 
Dearani JA, Fuller S, Gurvitz M, et al. 2018 aha/acc guideline for the management of 
adults with congenital heart disease: A report of the american college of 
cardiology/american heart association task force on clinical practice guidelines. J Am 
Coll Cardiol. 2019;73:e81-e192. 

63. Covid-19 (corona virus): Vulnerable groups with congenital heart disease 
https://www.bcca-uk.org/pages/news_box.asp?NewsID=19495710. 2020. 

64. Lui GK, Saidi A, Bhatt AB, Burchill LJ, Deen JF, Earing MG, Gewitz M, Ginns J, Kay JD, 
Kim YY, et al. Diagnosis and management of noncardiac complications in adults with 
congenital heart disease: A scientific statement from the american heart association. 
Circulation. 2017;136:e348-e392. 

65. Mulder BJ. Endocarditis in congenital heart disease: Who is at highest risk? 
Circulation. 2013;128:1396-1397. 

66. Mohanty S, Vaidyanathan B. Anti-platelet agents in pediatric cardiac practice. Annals 
of pediatric cardiology. 2013;6:59-64. 

67. Wei CM, Chen HL, Lee PI, Chen CM, Ma CY, Hwu WL. Reye's syndrome developing in 
an infant on treatment of kawasaki syndrome. Journal of paediatrics and child 
health. 2005;41:303-304. 

68. Lee JH, Hung HY, Huang FY. Kawasaki disease with reye syndrome: Report of one 
case. Zhonghua Minguo xiao er ke yi xue hui za zhi [Journal]. Zhonghua Minguo xiao 
er ke yi xue hui. 1992;33:67-71. 

69. Day M. Covid-19: Ibuprofen should not be used for managing symptoms, say doctors 
and scientists. BMJ. 2020;368:m1086. 

70. Updated: Who now doesn't recommend avoiding ibuprofen for covid-19 symptoms. 
https://www.sciencealert.com/who-recommends-to-avoid-taking-ibuprofen-for-
covid-19-symptoms  Accessed 3/23/2020. 

71. Ema gives advice on the use of non-steroidal anti-inflammatories for covid-19. 
https://www.ema.europa.eu/en/news/ema-gives-advice-use-non-steroidal-anti-
inflammatories-covid-19. Accessed on 3/23/2020. 

72. Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes mellitus 
at increased risk for covid-19 infection? Lancet Respir Med. 2020;8:e21. 

73. Hfsa/acc/aha statement addresses concerns re: Using raas antagonists in covid-19. 
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-
statement-addresses-concerns-re-using-raas-antagonists-in-covid-19. Issued on 
3/17/2020. 

74. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associated with 
poor prognosis in patients with novel coronavirus pneumonia. J Thromb Haemost. 
2020;18:844-847. 

D
ow

nloaded from
 http://ahajournals.org by on June 1, 2020

https://www.bcca-uk.org/pages/news_box.asp?NewsID=19495710
https://www.sciencealert.com/who-recommends-to-avoid-taking-ibuprofen-for-covid-19-symptoms
https://www.sciencealert.com/who-recommends-to-avoid-taking-ibuprofen-for-covid-19-symptoms
https://www.ema.europa.eu/en/news/ema-gives-advice-use-non-steroidal-anti-inflammatories-covid-19
https://www.ema.europa.eu/en/news/ema-gives-advice-use-non-steroidal-anti-inflammatories-covid-19
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved 

75. Baron SA, Devaux C, Colson P, Raoult D, Rolain JM. Teicoplanin: An alternative drug 
for the treatment of coronavirus covid-19? Int J Antimicrob Agents. 2020:105944. 

76. Frost CE, Byon W, Song Y, Wang J, Schuster AE, Boyd RA, Zhang D, Yu Z, Dias C, 
Shenker A, et al. Effect of ketoconazole and diltiazem on the pharmacokinetics of 
apixaban, an oral direct factor xa inhibitor. Br J Clin Pharmacol. 2015;79:838-846. 

77. Mulangu S, Dodd LE, Davey RT, Jr., Tshiani Mbaya O, Proschan M, Mukadi D, 
Lusakibanza Manzo M, Nzolo D, Tshomba Oloma A, Ibanda A, et al. A randomized, 
controlled trial of ebola virus disease therapeutics. The New England journal of 
medicine. 2019;381:2293-2303. 

78. Cortegiani A, Ingoglia G, Ippolito M, Giarratano A, Einav S. A systematic review on 
the efficacy and safety of chloroquine for the treatment of covid-19. J Crit Care. 
2020;57:279-283. 

79. Sahraei Z, Shabani M, Shokouhi S, Saffaei A. Aminoquinolines against coronavirus 
disease 2019 (covid-19): Chloroquine or hydroxychloroquine. Int J Antimicrob 
Agents. 2020:105945. 

80. Touret F, de Lamballerie X. Of chloroquine and covid-19. Antiviral Res. 
2020;177:104762. 

81. Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M, Doudier B, Courjon J, 
Giordanengo V, Vieira VE, et al. Hydroxychloroquine and azithromycin as a 
treatment of covid-19: Results of an open-label non-randomized clinical trial. Int J 
Antimicrob Agents. 2020:105949. 

82. Interim infection prevention and control recommendations for patients with 
suspected or confirmed coronavirus disease 2019 (covid-19) in healthcare settings. 
https://www.cdc.gov/coronavirus/2019-ncov/infection-control/control-
recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronav
irus%2F2019-ncov%2Fhcp%2Finfection-control.html. Accessed 3/23/2020. 

83. Wu YC, Chen CS, Chan YJ. The outbreak of covid-19: An overview. J Chin Med Assoc. 
2020;83:217-220. 

84. The power of social distancing http://signerlab.com/. Accessed 3/28/2020. 
85. 6 ways to address physician stress during covid-19 pandemic. https://www.ama-

assn.org/delivering-care/public-health/6-ways-address-physician-stress-during-
covid-19-pandemic. Accessed on 3/23/2020. 

86. Parwani P, Choi AD, Lopez-Mattei J, Raza S, Chen T, Narang A, Michos ED, Erwin JP, 
3rd, Mamas MA, Gulati M. Understanding social media: Opportunities for 
cardiovascular medicine. J Am Coll Cardiol. 2019;73:1089-1093.

D
ow

nloaded from
 http://ahajournals.org by on June 1, 2020

https://www.cdc.gov/coronavirus/2019-ncov/infection-control/control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fhcp%2Finfection-control.html
https://www.cdc.gov/coronavirus/2019-ncov/infection-control/control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fhcp%2Finfection-control.html
https://www.cdc.gov/coronavirus/2019-ncov/infection-control/control-recommendations.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fhcp%2Finfection-control.html
http://signerlab.com/
https://www.ama-assn.org/delivering-care/public-health/6-ways-address-physician-stress-during-covid-19-pandemic
https://www.ama-assn.org/delivering-care/public-health/6-ways-address-physician-stress-during-covid-19-pandemic
https://www.ama-assn.org/delivering-care/public-health/6-ways-address-physician-stress-during-covid-19-pandemic


A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved 

 
 

Table 1. The Anatomical and Physiological (AP) Class for Adults with Congenital Heart Disease 

Considered at Higher Risk for Corona virus Disease of 2019 (COVID-2019) (AP Class IB-D, 

IIA-D and IIIA-D).   

I: Simple   

Includes simple native lesions (isolated small ASD or VSD, mild isolated pulmonary stenosis) or repaired lesions (ligated or 

occluded PDA), repaired ASD or VSD without residual shunting or chamber enlargement. 

II: Moderate complexity 

Repaired or unrepaired lesions including AVSD, aortic or mitral valve disease and coarctation of the aorta, anomalous pulmonary 

venous return, ALCAPA, AAOCA, Ebstein, TOF, PS (moderate or greater), VSD with moderate or greater shunt.  

III: Great Complexity (or Complex) 

Cyanotic congenital heart defect (unrepaired or palliated, all forms), double-outlet ventricle, Fontan procedure, IAA, single 

ventricle, TGA (classic or d-TGA; CCTGA), truncus arteriosus 

A: NYHA FC I symptoms, no hemodynamic or anatomic sequelae, no arrhythmias, normal exercise capacity, normal 

renal/hepatic/pulmonary function 

B: NYHA FC II symptoms, mild hemodynamic sequelae (mild aortic enlargement, mild ventricular enlargement, mild ventricular 

dysfunction), Mild valvular disease, Trivial or small shunt (not hemodynamically significant), Arrhythmia not requiring treatment, 

Abnormal objective cardiac limitation to exercise 

C: NYHA FC III symptoms, significant (moderate or greater) valvular disease; moderate or greater ventricular dysfunction 

(systemic, pulmonic, or both), moderate aortic enlargement, venous or arterial stenosis, mild or moderate hypoxemia/cyanosis, 

hemodynamically significant shunt, arrhythmias controlled with treatment, pulmonary hypertension (less than severe), end-organ 

dysfunction responsive to therapy 

D: NYHA FC IV symptoms, severe aortic enlargement, arrhythmias refractory to treatment, severe hypoxemia (almost always 

associated with cyanosis), severe pulmonary hypertension, Eisenmenger syndrome, refractory end-organ dysfunction 

 

The classification includes a number for the anatomical classification and a letter for the physiological 

classifications. Examples are included in table. AAOCA: Anomalous aortic origin of the coronary 

artery, ALCAPA: anomalous origin of the left coronary artery from the pulmonary artery, ASD: atrial 

septal defect, AVSD: atrioventricular septal defect, CCTGA: congenitally corrected transposition of 

the great arteries, FC: functional class, NYHA: New York Heart Association, PDA: patent ductus 

arteriosus, PS: pulmonary stenosis, TOF: tetralogy of Fallot, TGA: transposition of the great arteries, 

VSD: ventricular septal defect. 
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Table 2. Lesions with Congenital Heart Disease Potentially at High Risk of Severe 

Corona virus Disease of 2019 (COVID-19) 63.  

Lesion and Category Reason for Vulnerability  

Single Ventricle Patients Status Post 

Fontan Operation  

Passive pulmonary blood flow which is dependent on pulmonary vascular resistance.  

Hypoxia can lead to elevated pulmonary pressures and low cardiac output 

Ventilated patients requiring high PEEP at risk for low cardiac output.  

Patients with chronic cyanosis 

(Saturation <85%) 

Respiratory disease will lead to more profound cyanosis due to pulmonary venous 

desaturation. These patients may require to be admitted for respiratory support 

Erythrocytosis increases the risk of thrombosis and COVID-19 disease may also 

increase the risk in thrombosis  

Severe cardiomyopathy requiring 

medications or depressed cardiac 

function in congenital patients 

COVID-19 may worsen ventricular function and result in heart failure symptoms. The 

viral sepsis will also increase metabolic demand and unmask heart failure in these 

patients  

Severe pulmonary hypertension  Respiratory illness will result in increased pulmonary vascular resistance and may 

lead to pulmonary hypertension exacerbation, right heart failure and low cardiac 

output  

Post heart transplantation  Immunosuppression and the immune response may lead to worse COVID-19 

infection or potentially graft rejection in the course of the disease  

Infants with unrepaired congenital heart 

disease like tetralogy of Fallot, 

ventricular or atrial septal defects  

Depending on the physiology these patients may have a large left to right shunting or 

a degree of cyanosis. Respiratory infection will worsen cyanosis and large left to right 

shunt increase the risk for respiratory illnesses  

Preexisting non-cardiac conditions and 

syndromes that may result in reduced 

immunity 

Patients with chronic kidney or lung disease or cancer and congenital heart disease 

have multiple organ vulnerabilities and are considered high risk. Also patients with 22 

q 11, Down syndrome, CHARGE syndrome or patients who lack a functional spleen 

(heterotaxy patients) should be considered high risk for COVID-19 due to the 

theoretically impaired immune response.  

Adult CHD patients with known 

coronary artery disease and systemic 

hypertension 

The data that is available thus far indicates that systemic hypertension and the 

presence of coronary artery disease are significant risk factors for mortality with 

COVID-19. 

CHD: congenital heart disease.  
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Table 3. Medications and Corona virus Disease of 2019 (COVID-19).  

Medication  Potential Concerns and Suggestions   

Aspirin   Theoretical concern for Reye syndrome although the only reports were at high doses used in Kawasaki disease 

in the setting of influenza or varicella. No reports with COVID-19. Suggest continuing Aspirin.   

ACEi/ARB Theoretical concern due to potential upregulation of ACE-2. No data to support an interaction with the disease. 

Suggest continuing the medication.  

Anticoagulant 

medications  

COVID-19 may cause DIC and coagulation cascade abnormalities in severe cases. Suggest continuing the 

medication in mild cases and adjust as needed in severe cases.   

NSAIDs  Some clinician suggested worsening course of the disease if given early. There is no data to show any 

association of NSAIDs with the course of the disease. The WHO does not recommend avoiding NSAIDs. 

Digoxin and 

Nitroglycerine 

There is no information to suggest any harmful effect in COVID-19 patients thus it is reasonable to continue 

these medications.  

COVID-19 potential 

treatments 

(antivirals, 

antimalarial and 

other medications)  

Each medication should be evaluated in light of the available evidence and potential interactions with the 

current medications the patient is taking. In addition some of these medications can prolong the QT interval and 

this should be taken into consideration especially in patients on other QT prolonging agents.   

 

ACE: angiotensin converting enzyme, ACEi: angiotensin converting enzyme inhibitor, ARB: 

angiotensin receptor blocker, NSAIDs: Nonsteroidal anti-inflammatory drugs, COVID19: 

Corona virus Disease of 2019. 
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Figure Legends: 

 

Figure 1. Suggested measures to reduce exposure to Corona virus Disease of 2019 

(COVID-19) pandemic.  

 

Figure 2. The Power of Social distancing to decrease the spread of Corona virus Disease 

of 2019 (COVID-19) and staying connected at the time of pandemic. Left panel without 

social distancing one person infects ~ 400 and the number decreases to 15 with 50% less 

exposure in 30 days 84.  
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