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Names

• MIS-C: Multi system 
inflammatory syndrome in 
children

• PMIS / PIMS: Pediatric 
multisystem inflammatory 
syndrome

• PIMS: Pediatric multisystem 
inflammatory syndrome, 
temporarily associated with 
SARS
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CASE PRESENTATION CCMC 

• 14 yo F obese and single right kidney
• 4 day history fever 103 F

• Erythematous macular rash 
• Cough
• Diarrhea
• Body aches
• WADAO

• Multiple family members COVID +
• Brought to CCMC ER Sepsis Alert
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CASE  CCMC 

• CBC WBC 15k with bandemia rest wnl
• CMP wnl
• CRP 30 mg/dl
• CK nl
• Resp panel nl
• GI panel nl
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CASE  CCMC Cardiac Work up

ECHO 5/12 
• Coronary arteries are prominent measuring at the upper limits of 

normal. No evidence of aneurysms.
• On subcostal images there is suggested to be a secundum ASD
• Normal biventricular size, wall thickness and function.
• Trace pericardial effusion with thickened and echobright pericardium.
• Troponin 0.727
• BNP 2766 
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CASE 2 CCMC Rheumatology Labs 

• Ferritin 207.55
• D dimer 3.66
• Cytokines

• IL-6 40 
• Soluble IL-2 2850

• CRP 30
• TG WNL  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=xgrZZIU54z14aM&tbnid=JXEyIEDABMdSVM:&ved=0CAUQjRw&url=http://www.kidlinksfoundation.org/cook.html&ei=VIupU_ieLoSSqAaar4CwBg&bvm=bv.69620078,d.b2k&psig=AFQjCNEfWEjPRxfTEYPxDGNu51s7_Pr_Lg&ust=1403706573235240


CASE 2 CCMC 

• Transferred to COVID floor on 2 l O2 
• Transferred  to PICU after increased 02 and low BP 
• Intubated on 5/12 in pm 
• Required milrinone and epinephrine for support
• Started on Remdesivir 5/13 
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CASE  CCMC Treatment

• IVIG 110 g x 1 dose

• Anakinra 100 SQ 3 times daily 

• Solumedrol 50mg IV every 8 hrs

• Remdesivir 100mg every 24hr IV 

• Enoxaparin 60mg every 12 hrs AntiXA 0.3-0.5 
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CASE CCMC 

• Extubated 5/17 on 3L O2
• Milrinone decreased
• D dimer 1.6
• Ferritin 411
• CRP 20
• CBC WBC 29.27 
• CMP wnl
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CASE  CCMC Cardiac Labs Current 

ECHO 5/15
• Normal left ventricle structure, size and function
• Normal LVEF= 61% by bullet method
• Normal right ventricular size and systolic function
• Atrial septum was not assessed on repeat echo
• Small pericardial effusion noted posterior to the LV.
• BNP 254 
• Troponin 0.598 
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Questions and Observations? 

• Rapid clinical deterioration!!
• Ferritin not terribly high?

• Soluble IL-2 high 
• IL -6 high 
• No Cytopenias/Lymphopenia

• Definite Cardiac Dysfunction(Carditis)
• No aneurysms so far? Did not meet criteria for KD?

• Coagulopathy
• Role of Concomitant Antiviral treatment? 
• When to Stop? 
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Hyper inflammatory shock in children during Covid-19 pandemic, London, UK



10-patient series of PMIS from Italy

Jones Hospital Peds 2020 https://doi.org/10.1542/hpeds.2020-0123
Verdoni Lancet 2020 https://doi.org/10.1016/S0140-6736(20)31103-X

https://doi.org/10.1542/hpeds.2020-0123
https://doi.org/10.1016/S0140-6736(20)31103-X


Multisystem inflammatory syndrome in Children in New York State

Dufort EM et al. N engl j med 383;4 nejm.org July 23, 2020
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Multisystem inflammatory syndrome in Children 
in New York State





Multisystem inflammatory Syndrome in Children

• Newly recognized , potentially serious  illness in children that seems 
to be related to COVID19.

• Seems to be a delayed complication of coronavirus infection.
• Variety of symptoms that affect different organs.

• Many children present with symptoms resembling TSS or KD
• GI symptoms
• Kidney injury
• Neurological symptoms
• Heart inflammation
• Coagulopathy

• Most children recover well with careful observation and treatment



Epidemiology
• Rare
• Incidence of SARS CoV2 in < 21 year old: 322 per 100.000
• Incidence of MIS-C: 2 per 100.000
• Older children and adolescent
• >>> Black and Hispanics
• Lag of several weeks between the peak of COVID cases in the 

community and the rise of MIS-C
• MIS-c collection of data across the country



MIS-C cases (7 day moving Average)

https://www.cdc.gov/mis-c/cases/index.html

Numbers in the country: 
-935 patients
-Mortality: 19 patients
Numbers in Cook Children’s 
-Total COVID19: 1370
-MIS-C : 19 
-Mortality: none

https://www.cdc.gov/mis-c/cases/index.html


MIS-C presentation



Open Forum Infect Dis, Volume 7, Issue 7, July 2020, ofaa232, https://doi.org/10.1093/ofid/ofaa232

The content of this slide may be subject to copyright: please see the slide notes for details.

Figure 1. Schematic of severe acute respiratory syndrome 
coronavirus 2 infection in a symptomatic person. RNA, ...

https://doi.org/10.1093/ofid/ofaa232


Pathophysiology

• Immune dysregulation (Cytokine are elevated, CRP is very high)
• Post infectious
• Many children with negative SARS CoV2 PCR
• Many children with positive Serology
• Active investigation

• Myocardial injury
• Systemic inflammation
• Acute myocarditis
• Hypoxia
• Stress
• Cardiomyopathy
• Ischemia due to Coronary artery inflammation



Presentation

• Daily call for Infectious Disease teams in the world
• Along the lines of other illnesses that we see in the ID service
• COVID19 in the community long enough (more than 1 month)
• Age: 8-10 year old, some young adults with similar symptoms
• Fever

• GI category
• KD, TSS
• Neurological involvement: ataxia, headache, confusion, headache, focal signs

• Differential diagnosis:
• TSS, risk factors, portal of entry
• Kawasaki disease shock syndrome



60%-100%

30%-80% 30%-60%

20%-60%



Cook Children’s Medical Center Guidelines





Evaluation

• Physical exam 
• If ill appearing: broad differential diagnosis and extensive work up

• Labs: 
• Inflammatory markers: CRP, ESR, ferritin, fibrinogen, LDH, SARS CoV2 igg

• CRP is very telling (very high- >10 mg/dl or 100 mg/liter)
• CBC: Anemia and Thrombocytopenia
• Cardiac labs: BNP (myocardial strain), troponin (indicates myocardial 

inflammation)
• Rheumatology work up
• ID work up





First phase

More
Fancy labs



Classic Presentation

• Clinical picture
• Labs:

• Lymphocytopenia
• Anemia
• Thrombocytopenia
• Elevated CRP
• +/- ESR
• Elevated D-dimer
• Elevated ferritin
• Elevated fibrinogen
• Elevated procalcitonin
• Elevated IL-6

• Elevated BNP
• Elevated troponin
• Echocardiogram

• LV dysfunction
• Decreased Ejection fraction
• Abnormal coronaries

• EKG



Cardiovascular  
work up

•Predictor of disease severity
•Function: Left ventricular 

function, ejection fraction (EF)
•Coronary arteries

Echocardiogram

EKG



How do you distinguish KD from MIS-C?



Differential Diagnosis

• Phenotypic overlap with MIS-C andKD
• 40-50 % patients meets criteria for complete/incomplete KD
• MIS-C older children and adolescents vs younger children
• MIS-C affect mostly black and Hispanic versus Asian
• MIS-C with GI symptoms >> than in KD
• MIS-C with more myocardial dysfunction and shock presentation
• MIS-C with higher inflammatory markers (CRP, Ferritin, D-Dimer)
• MIS-C: >> LV dysfunction, >>cardiac markers
• KD: >>  coronary changes, Less GI sx
• COVID 19 exposure



Previously reported possible coronavirus-
Kawasaki disease association

Esper JID 2005 https://doi.org/10.1086/428291

https://doi.org/10.1086/428291


Other DDx?



Other DDx

• Toxic shock syndrome
• Sepsis
• Appendicitis
• Other viral illnesses
• HLH
• SLE
• Vasculitis



Treatment

1. IVIG or not?
• Not recommended a second IVIG- risk for hemolytic anemia

2. +/-Low dose steroids vs high dose steroids (solumedrol 2m/kg/d vs 30 
mg/kg/day)

3.  +/- Anakindra (very favored here in Cook Children’s Hospital The darling of 
rheumatology

4. +/- Anti IL-6 (tocilizumab- more used in adults, more risk of bacterial 
infections)

5. +/- Infliximab



Cook Children’s Medical Center Guidelines



Anakindra

• Interleukin receptor antagonist.
• Interleukin 1 is a highly active pro inflammatory cytokine that lower 

pain threshold and damages tissues
• Blocking IL-1 activity results in rapid and sustained reduction of 

disease severity, decreases pro inflammatory cytokine expression
• Off label use for MIS-C during this pandemic
• Less side effects that anti IL-6
• Reduces mortality in sepsis patients
• Relatively safe



Classification of  Clinical Severity

• Mild
• No vasoactive requirement, minimal or no respiratory support, minimal organ 

injury

• Moderate
• Vasoactive-inotropic  score <10, significant oxygen supplement, mild or 

isolated organ injury

• Severe
• Vasoactive inotropic score >10, non invasive or invasive respiratory support, 

moderate or severe organ injury including moderate to severe ventricular 
dysfunction.



Management

• If hemodynamically unstable?
• Aggressive approach

• Antibiotics, IVF, 
• Treat as MIS-c



Isolation

• SARS CoV2 PCR
• If positive, COVID19  isolation and admission to COVID19 unit

• If negative on admission, will repeat in 24 hours, 
• If negative- No isolation even if positive IGG for COVID19
• Consider family members



Follow up

• Cardiac monitoring
• Symptoms can get worse with no therapy

• Serial labs
• CRP is very helpful
• BNP if elevated

• Follow up echo, if abnormal repeat every 48 hours

• EKG repeat every 48 hours



Discharge and outpatient F/U

• “Most do well”
• Quick turn around
• No need to be back to baseline 

100%
• Afebrile for 24 hours
• KD signs improving
• Cardiac function improving
• If neurology symptoms, in 

resolution

• 2 weeks follow up echo and EKG
• 6 weeks follow up echo and EKG
• If arrhythmia- Holter follow up
• If cardiac dysfunction: stress echo, 

cardiac MRI
• Echo 1 year after presentation if 

cardiac abnormalities in the acute 
phase

• ASA low dose for at least 6 weeks
“Long consequences remain to be 
determined”



Summary
• Different names
• Temporal association with COVID19
• Time and comprehensive evaluation will help to understand pathogenesis
• Clinical findings overlap with KD, TSS, MAS- this is distinct syndrome
• Varied symptoms
• Lab characteristics
• Echo with decreased LV
• Treatment with best practice evolving
• A lot of unknowns.



Questions?



Thank you!!!
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