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With growing number of pediatric cases of COVID-19, a unique hyper-inflammatory syndrome,
linked to SARS-CoV-2 infection, has emerged in children referred to as multisystem inflammatory
syndrome in children (MIS-C). This Kawasaki Disease (KD)-like illness has been described across
the world. This syndrome shares features of KD, toxic shock syndrome, and macrophage activation
syndrome and is associated with significantly elevated inflammatory markers. Everyday there are
new data emerging improving the care of these patients. The Advanced Cardiac Therapies
Improving Outcomes Network (ACTION) is a collaborative network designed to improve the
outcomes of pediatric patients with end-stage heart failure and involves centers from across North
America. The committee gathered information concerning COVID-19 anticoagulation practices at
various centers and harmonized the data to formulate a set of recommendations.



Coronavirus disease (COVID-19), caused by a novel Coronavirus (SARS-CoV-2), is expanding in
the pediatric population with an ever-growing array of clinical presentations. As of March 16, 2021,
globally, there were 1119,960,700 confirmed cases of COVID-19, including 2,656,822 deaths,
reported to WHO [ 1 ]. During the initial wave of the pandemic, children were thought to be relatively
spared by this virus. A review of 72,314 cases by the Chinese Center for Disease Control and
Prevention showed that only 1% of the cases (416 cases) were in children younger than 10 years of
age [ 2 ]. In a report by the US-CDC, only 1.7% (2572 cases) occurred in children aged < 18 years
and 98% (146,510) occurred in adults aged = 18 years [ 3 ].

Similar to adults, there were children who present with mild symptoms or no symptoms at all.
However, with growing number of pediatric cases, a unique hyper-inflammatory syndrome, linked to
SARS-CoV-2 infection, has emerged in children referred to as multisystem inflammatory syndrome
in children (MIS-C). This Kawasaki Disease (KD)-like iliness associated with COVID-19 in children
was first described in April 2020 in the United Kingdom in 8 pediatric patients [ 4 ]. Since then,
clusters of children with MIS-C have been described across Europe and the USA[5 —8]. This
syndrome shares features of KD, toxic shock syndrome, and macrophage activation syndrome and
is associated with significantly elevated inflammatory markers [ 9, 10 ].

As cases increased, criteria for MIS-C were defined by New York State Department of Health and
Centers for Disease Control and Prevention [ 11, 12 ]. Systolic myocardial dysfunction in the
mild-to-moderate range has been reported most commonly, though severely diminished ventricular
function has been reported [ 13 ]. Acute COVID-19 patients have been shown to be at a heightened
risk of thrombotic complications secondary to pro-inflammatory state, multi-organ vasculitis, and
immobilization [ 14 ]. While the burden of thrombotic complications is yet to be fully understood in
children with ether acute COVID-19 or MIS-C, we hypothesize that the acquired thrombophilia seen
in acute COVID-19 infections may also be seen in children with MIS-C.

Children with MIS-C have laboratory findings suggesting that a pro-coagulable state exists in these
patients similar to COVID-19 infection. However, the actual reports of thrombotic events in MIS-C
patients have been rare. The use of antiplatelet and/or anticoagulation therapies has been reported
frequently. Some studies have discussed their practices of anticoagulation, most commonly
prophylactic dosing rather than therapeutic dosing with very few providing indications for
prophylactic anticoagulation [ 12 ]. In a survey study by the International Kawasaki Disease
Registry, acetylsalicylic acid (ASA) was felt to be indicated by 91% of respondents and therapeutic
anticoagulation dosing would be used for patients with giant coronary artery aneurysms (61%) and
those with a severe clinical presentation (33%) [ 12 ]. The registry advises consideration of
prophylactic dosing of anticoagulation, such as enoxaparin, in patients at higher baseline risk of
venous thromboembolism (ex: patients = 12 years old with altered mobility, obesity, known
thrombophilia or history of thrombus, critical presentation, etc.), along with pneumatic sequential
compression devices [ 12 ]. In addition, they recommend consideration of therapeutic dosing of
anticoagulation in patients with giant coronary aneurysms, at least moderately diminished
ventricular systolic function and other thrombosis concerns [ 12 ]. The knowledge regarding this
new disease is still scarce. The management of these patients has large variability across centers
and depends on local expertise and extrapolation from adult and pediatric data for COVID-19
disease [ 12, 15]. Guidelines regarding the thrombotic evaluation and anticoagulation
management of hospitalized children with MIS-C remains lacking.

The Advanced Cardiac Therapies Improving Outcomes Network (ACTION) is a collaborative
network designed to improve the outcomes of pediatric patients with end-stage heart failure and
involves centers from across North America [ 16 ]. The ACTION learning network’s anticoagulation
committee is a multi-institutional, multidisciplinary collective that includes providers with expertise in
antithrombosis management at tertiary care pediatric centers around the world. The committee
gathered information concerning COVID-19 anticoagulation practices at various centers and
harmonized the data to formulate a set of recommendations. Given the rapid evolution of data, the
ACTION network leveraged their expertise in development of collaborative learning pathways to



create a consensus document as a shared baseline for clinical care. Consistent with established
network practices, this will enable reassessment of guidance over time and across centers, with the
ability to recognize and respond to changes in real time as dictated by incoming clinical experience.
These are consensus-based recommendations on the use of anticoagulation therapy and
thromboprophylaxis in children hospitalized with MIS-C. These guidelines are for patients who are
admitted with MIS-C and not for outpatients with suspected MIS-C. Outpatient management should
be determined by the primary physician caring for the patient. In addition, these are
recommendations and final decision should be individualized by the primary physician according to
the patient’s complete clinical picture (Fig. 1). Fig. 1 MIS-C thrombosis work-up and management
for children admitted to hospital

Patients admitted with confirmed or suspected (when patient doesn’'t meet complete CDC criteria or
labs are awaited) MIS-C should have the following diagnostics obtained—(i) on admission; (ii) with
any change in clinical status or level of care and (iii) at discharge. Echocardiogram o Evaluation of
anatomy and function with focused examination of coronary arteries for ectasia, dilation, or
aneurysm

Electrocardiography (ECG) o Screening for any conduction abnormalities, arrhythmias, and/or
changes from baseline

Baseline anticoagulation laboratory test o0 Complete blood count (CBC) with differential
Liver function (ALP, AST, GGTP, total bilirubin)

Characterization of inflammation: o Ferritin

Characterization of coagulation profile o D-dimer ever 24—72 h during hospitalization

Thromboelastography with platelet mapping (TEG with PM) or rotational thromboelastometry
(ROTEM): specifically evaluating for elevated clot strength or maximal amplitude (MA) suggested of
hypercoagulability (MA > 80 mm)

History of remote or recent thrombotic events
Family or personal history of thrombophilia

Patients should continue antiplatelet (AP) and/or anticoagulation (AC) for pre-existing conditions
unless otherwise specified by provider. May consider holding oral anticoagulation and switching to
shorter acting anticoagulant in the setting of critical illness.

All thromboprophylaxis should be reconsidered/discontinued if an alternative diagnosis other than
MIS-C is determined to account for the laboratory/clinical findings

Consider use of aspirin therapy (3-5 mg/kg/day with a maximum of 81 mg daily) in the all
hospitalized MIS-C patients unless: o Platelet count < 100,000/m 3

Active bleeding or concern for high risk of bleeding

Duration of therapy: Continue for at least one month from diagnosis, regardless of inflammatory
marker and coagulation labs or longer until the labs normalize.

2. In addition to aspirin, consider full (treatment) anticoagulation (unfractionated heparin, direct
thrombin inhibitor, low molecular weight heparin titrated to institutional goal for treatment) for the
following: o Acute thrombosis



Moderate to severe ventricular dysfunction
Coronary dilation/aneurysm with z-score = 10
D-dimer > 10 x upper limit of normal (ULN)

Duration of therapy: Continue as indicated for underlying condition or until able to switch to
low-dose anticoagulation as echocardiogram and lab data improve.

May consider therapeutic anticoagulation for active malignancy, nephrotic syndrome, flare of
underlying inflammatory disease state, heart disease with venous stasis or impaired venous return,
personal history of thrombosis, or multiple risk factors — discuss indications with specialist
managing underlying condition and/or hematology

3. In addition to aspirin, consider low-dose (prophylactic) anticoagulation (unfractionated heparin,
direct thrombin inhibitor, low molecular weight heparin, or direct oral anticoagulant to institutional
goal for prophylaxis) for the following: o Venous thromboembolism (VTE) prophylaxis based on
institutional recommendations

Mild to moderate ventricular dysfunction
Coronary dilation/aneurysm with z-score 2.5-10

Any new significant rhythm abnormalities or ECG changes including but not limited to heart block,
premature atrial and ventricular contractions, conduction abnormalities, and ST segments changes

Duration of therapy: Continue as indicated for underlying condition or until echo and lab data
improve.

Patients should have an in-person or virtual visit (with in-person testing) with follow-up
echocardiogram, ECG, and labs if any abnormality was documented during admission within 2
weeks post discharge and serially thereafter pending normalization/stabilization

It is reasonable to continue anticoagulation and aspirin as outpatient for ~ 1 month post diagnosis.
Shorter or longer durations can be considered based on resolution or ongoing abnormalities of
inflammatory and coagulation labs, respectively (D-dimer, ferritin, LDH, ESR, CRP, TEG MA).

If patient fulfills criteria for Kawasaki disease, follow American Heart Association recommendations
for antiplatelet and anticoagulation as indicated [ 17 ].

The COVID-19 pandemic has highlighted the need of sharing clinical experience and data across
centers seamlessly and rapidly, so as to tackle a new disease process with the consolidated
knowledge from multiple centers and nations. While much is to be learned about MIS-C in children,
we have gained and continued to gather invaluable information on how it presents and impacts
children in the short and long term. The above guide was created in collaboration with multiple
centers in the USA and Canada while the pandemic was unfolding, and experience with COVID-19
infections and MIS-C in children was variable across centers. Having a learning collaborative such
as ACTION and Pediatric Heart Transplant Society that was already established greatly facilitated
real-time discussion and creation of standardized guides based on the best available evidence and
expertise of that time. We acknowledge that a major limitation of this guide is the lack of high levels
of evidence derived from controlled trials. Rather we relied upon extrapolation from adult COVID-19
experience, as well as our understanding of similar disease processes such as Kawasaki disease
and myocarditis. As such, one must interpret these as reasonable recommendations of care agreed



upon by multiple tertiary and quaternary care centers that have expertise in cardiology, thrombosis
medicine, critical care, and MIS-C in children. Unfortunately, the progression of the disease had
outpaced our acquisition of answers and evidence, but we hope to change that. As more data are
gathered on MIS-C, we anticipate that these guidelines will evolve to incorporate higher levels of
evidence to support our recommendations and the outcomes of our interventions in treating MIS-C
in children.
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