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Impact of COVID-19 in Pediatrics 

• Infection in children has been less severe than in adults 
• >90% of children have mild or moderate disease
• Rare cases of multi-organ involvement have been reported
• Mortality rate <1%

• Clinical manifestations most commonly include fever, respiratory and GI symptoms
• No data indicating increased risk of severe disease in children with underlying illnesses
• Thus far, the most significant cardiac manifestation in the pediatric population has been 

multisystem inflammatory syndrome in children (MIS-C)





CDC MIS-C 
Case Definition
Published May 14th



Various Clinical Manifestations

Refractory vasodilatory shock (toxic shock syndrome-like), with normal cardiac 
function

Septic and/or cardiogenic shock state with myocardial dysfunction

Kawasaki-like illness

Some variations of above

McCrindle et al. Circ. 2017;135(17)



Cardiac Manifestations in MIS-C

Randolph et al. N Engl J Med. 2020;383(4):334-346



Therapeutic 
Interventions 

for MIS-C

• Cardiovascular and Respiratory Support
• Ionotropes, Mechanical Ventilation, ECMO

• Organ Specific Therapy
• Dialysis

• Anticoagulation
• Aspirin, Lovenox, Heparin

• Anti-inflammatory Medications
• IVIG, Corticosteroids, Immunomodulators

• Antivirals 
• Remdesivir



Other Cardiac Manifestations COVID-19
• Multiple cardiovascular sequelae reported in COVID-19 may lead to or 

exacerbate current disease
• Most data available regarding impact of COVID-19 on cardiovascular 

system is from the adult population 
• Arrhythmias are more common in patients with severe disease and/or history 

of prior cardiac disease
• Myocarditis may be present, with or without ventricular dysfunction
• Heart failure, exacerbation of prior disease or new onset 
• Cardiogenic shock 

• Susceptible pediatric cardiac populations may be at higher risk 
• Pediatric heart transplantation 
• Congenital heart disease



Susceptible Pediatric Cardiac Populations
• Patients with severe congenital heart disease (CHD)

• Given our knowledge regarding previous viruses, such as Influenza and 
Respiratory Syncytial Virus, it is reasonable to infer that children with severe 
congenital heart disease may have a higher risk of severe disease with COVID-19
• The AHA/ACC guidelines (based on anatomic and physiologic classification) for 

the care of adults with CHD may be a useful tool in assessing the risk for COVID-
19 in this population 
• Co-morbidities and other organ involvement in this population may also increase 

the risk of severe disease associated with COVID-19 

• Pediatric Heart Transplantation
• Pediatric transplant society guidelines
• Assessment of protocols, guidelines and management strategies 

Alsaied at al. J Am Heart Assoc. 2020;9(12)



www.uab.edu/phts

http://www.uab.edu/phts


Recommendations
• Acute MIS-C management requires multidisciplinary collaboration
• Cardiology, Infectious Disease, Immunology, Rheumatology, PICU/Pediatrics, ER

• ALL patients with MIS-C require cardiology follow-up, even in the presence of a 
normal echocardiogram or mild symptoms 
• Follow-up practices currently based on Kawasaki guidelines
• At minimum, 2 weeks and 4 weeks post-discharge with echocardiograms
• Inflammatory markers and other abnormal labs should be trended until normal

• Anti-coagulation with at least low dose ASA (5 mg/kg/day) recommended for 
all patients diagnosed with MIS-C, at least until cardiology follow-up 
• If steroids were used for treatment then weaning over 2-3 weeks is 

recommended
• For patients who receive IVIg, live vaccines should be delayed for 11 months

McCrindle et al. Circ. 2017;135(17)



Other Cardiac Disease

• No changes to current cardiac medical therapy recommended if 
infected with COVID-19 
• Social distancing, good hand hygiene and universal mask precautions 

recommended
• Utilize preventive strategies such screening for all patients prior to 

entrance into healthcare facilities
• Communicating all concerning symptoms, exposures or diagnoses to 

primary cardiac care team
• Triaging elective cases and visits, limiting provider and patient 

exposures (virtual visits when possible)
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Cardiac Involvement in COVID-19



Outline 

•Definition
•Mechanism
•Manifestations
•Prevalence
• Impact 



DEFINITION: Increased Troponin  = Myocardial injury

K Thygesen et al. JACC 2018



K Thygesen et al. JACC 2018



MECHANISMS of Myocardial Injury in COVID-19

Giustino, Pinney, Lala et al, Under Review, JACC



MANIFESTATIONS: 
Does SARS-CoV-2 cause myocarditis?
• COVID-19 myocarditis diagnosis requires:
• Clinical presentation

AND
• Histologic findings 
• inflammatory lymphomonocytic infiltrates + 

myocyte necrosis not typical of ischemic injury
• SARS-CoV-2 genome in heart tissue
• Viral particles in cardiomyocytes
• Exclusion of known cardiotropic viruses (enterovirus, 

parvovirus)
• Troponin ≠ myocarditis

Caforio AL et al. Eur Heart J 2013



Autopsy and Case Reports
• Hamburg, Germany -12 

patients
• Lymphocytic infiltrates, no 

necrosis, +genome
• Other Autopsy Studies 

• 3 Chongqing
• 1 Beijing 
• 2  Oklahoma
• 3 New Orleans
• 11 Austria
• 7 New York
• 39 Germany SARS-CoV-2 in 

24/39 pts, but NOT associated 
w/inflammatory cells

• Myocarditis Case Reports
• Inciardi – no biopsy
• Zeng - no biopsy
• Hu – no biopsy
• Sala - + Biopsy, no SARS-

CoV-2 detected (reverse 
takatsubo)
• Tavazzi – SARS-CoV-2 in 

macrophages but not 
myocytes

Wichmann et al. Ann Int Med 2020, Lax et al. Ann Int Med 2020; Reynolds Eclinical Med 2020; Xu et al. Lancet Resp Med 2020; Barton et al. Am J 
Clin Path 2020; Lindner et al. JAMA Cariol. 2020

Further evidence (autopsy and biopsy) are required to 
confirm the causal relationship between SARS-CoV2 and 

Myocarditis 



MANIFESTATIONS: What about Thrombosis?

• VTE/Thrombosis appears to 
be common ~ 30% among 
inpatients
• Strokes among young 

patients 
• Frequent post mortem 

findings of pulmonary emboli
• Post mortem findings of 

multivessel microthrombi

TJ Oxley NEJM 2020, Marongiu F, J Thromb Haemost 2020; 
Wichmann et al. Ann Int Med 2020



To Anticoagulate or Not to Anticoagulate?

longer duration of AC treatment was associated with a reduced risk of 
mortality (adjusted HR of 0.86 per day, 95% confidence interval 0.82-0.89. Paranjpe, Fuster, Lala et al JACC 2020

Clinical Trials Are  Needed!



• ~3000 hospitalized patients 
• 25% AA, 27% Hispanic/Latino
• 25% with CVD 
• Afib, Heart Failure, or CAD

• 25% with HTN or DM
• 22% on ACE/ARB; 36% on statins

Lala et al. JACC 2020



PREVALENCE & Distribution of Troponin

Lala et al. JACC 2020



Troponin by History of CVD

Lala et al. JACC 2020



PREVALENCE: 78% patients recovered from 
COVID-19 had Cardiac Involvement on MRI

• 100 patients with recently recovered COVID-19 (mild-to moderate)
• Median time from COVID-19 testing to CMR was 71 days, mean age 49
• 2/3 recovered at home, 1/3 hospitalized
• 71% with elevated troponin
• 60% ONGOING inflammation



IMPACT: Discharge & Death By Troponin Levels

Lala et al. JACC 2020



Troponin elevation more prognostic than CVD alone

Lala et al. JACC 2020



Take home points – Cardiac Involvement
• Definition
• Myocardial injury = troponin elevation

• Mechanism
• Remains unknown

• Manifestations
• True SARS-CoV-2 myocarditis is rare
• Thrombosis is likely an important complication

• Prevalence
• Common 
• CMR involvement in recovered patients

• Impact 
• Marker of worse prognosis 
• Longitudinal follow up is needed



Thank you! Stay Strong & Stay Safe 



Question & Answer
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UNKNOWNS 1 MONTH AGO
RECOVERY FROM COVID-19



40

PERSISTENT SYMPTOMS NOT UNCOMMON 
‘DEEPLY FRUSTRATING’
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143 Patients Admitted with COVID-19

72% with PNA
2 Week LOS

2 Months post discharge
• 12% completely free of any  

COVID-19–related symptoms
• 32% had 1-2 symptoms

• 55% had 3 or more symptoms

Persistent Symptoms in Patients After Acute COVID-19
JAMA. Published online  July 09, 2020. doi:10.1001/jama.2020.12603

MAJORITY OF HOSPITALIZED PATIENTS 
DON’T RECOVER IN 2 MONTHS
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1,622 Covid-19 

91% of the patients not hospitalized

88% persistent intense fatigue
75% shortness of breath 
45% chest pressure 
40% headache
36% muscle 

Post Covid-19: Only 6% consider themselves healthy

Risk for Delay in Recovery
Elderly
Women
Hypertension
Obesity
Kidney Disease

57% with 2 Chronic Conditions Not 
Recovered in 3 weeks

COVID-19 RESULT IN PROLONGED ILLNESS EVEN AMONG 
YOUNG ADULTS WITHOUT MEDICAL CONDITIONS
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WHY PROLONGED SYMPTOMS WITH COVID-19? 
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COVID-19 AUTOPSIES
MICROTHROMBI & LITTLE INFLAMMATION

Majority (61%) autopsies revealed evidence of 
SARS-CoV2 in the heart 

No increased inflammatory cells

Fibrin microthrombi within cardiac microvasculature
Little myocardial inflammatory infiltrate
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100 patients
Systolic LV dysfunction <10%
RV dilation & dysfunction most common

CARDIAC DYSFUNCTION
LEFT vs RIGHT VENTRICLE INVOLVEMENT?
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40% absent culprit lesions

100% patients with elevated 
d-dimer levels 

ST ELEVATION IN COV-19
THROMBO-EMBOLIC PHENOMEN?
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78/100 of patients had detectable hs-TnT 2-3 
months in recovery 

Raised T1 (n = 73), Raised T2 (n = 60),
Late gadolinium enhancement (n = 32), 

pericardial enhancement (n = 22).

CARDIAC DAMAGE IN COVID-19 RECOVERY 
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“…crisis of COVID-19 will not abate but will instead shift to a new 
de novo incidence of heart failure and other chronic 

cardiovascular complications” 

HEART FAILURE PANDEMIC?
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37% with acute kidney damage
1 in 6 require dialysis (exclusively who required 
ventilation) 

1 in 2 abnormal CT findings. 
3 in 4 with abnormal lung function
1 in 4 with severe disease had lung  fibrosis

1 in 2 with neurological symptoms
1 in 5 with disorders of consciousness
1 in 25 cause of death
7 fold increase risk of stroke vs influenza

ITS NOT JUST THE HEART 

Majority with disruption to micro-structural 
and functional brain integrity
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85% with sleep disturbance, chronic fatigue, 
depression and muscle pains common 
1 in 3 had to modify their work and lifestyle 

1 in 2 with severe abnormal lung function 
1 in 4 with normal lung function decreased ability to 
perform general physical activities

OUR EXPERIENCE WITH OTHER CORONAVIRUSES 
HAVE FOREWARNED US OF THESE PROBLEMS

1 in 2 with chronic fatigue at year 2
1 in 4 with clinically relevant depressive symptoms
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“Social Distancing is a Privilege” 

BLINDSPOT IN COVID-19 MANAGEMENT
“DISPARITIES”
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BIGGEST UNKNOWN UNKNOWNS
DISPARITIES IN RECOVERY
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COVID-19 RECOVERY
MUCH TO LEARN & WORK STILL TO DO
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INTEGRATED COVID CLINICAL AND RESEARCH PROGRAM

• SURVEYS
• RECOVERY

• SDOH

• QUALITY OF LIFE

• COVID RECOVERY CLINIC

• LUNG FUNCTION

• COGNITIVE TESTING

• IMAGING(LUNG/HEART/BRAIN)

• BIOBANKING

UNDERSTANDING COVID-19 RECOVERY
POTENTIAL ROADMAP

COLLABORATIVE PARTNERSHIP AMONG NATIONAL INSTITUTIONS



Question & Answer



Panel Discussion




