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Welcome!

Before we get started:

• Please ensure your microphone is muted

• If you have any questions/comments, feel 
free to join the Zoom group chat at any 
time

• There will also be a Q&A period at the 
end of the meeting

• If you are experiencing technical 
difficulties, please contact 
daren.powell@ahs.ca



PIMS-TS/MIS-C/KD/TSS

What is all the fuss about?

Dr. Shelley Riphagen

PICU Attending Physician, Evelina London Children’s 
Healthcare

Dr. Susa Benseler

Pediatric Rheumatology, Alberta Children’s Hospital



Background

Riphagen S, Gomez X, Gonzalez-Martinez C, Wilkinson N, 

Theocharis P. Hyperinflammatory shock in children during 

COVID-19 pandemic. Lancet. 2020 06/05/2020 

• April 27, 2020 - Health authorities in the UK issue a report
• Seriously ill children presenting with circulatory shock and hyperinflammatory

state

• Features consistent with toxic shock or KD

• Some of the tested children were positive for SARS-CoV-2 infection

• May 4, 2020
• NYC Department of Health issue an alert

• May 6, 2020
• 8 British children are described in the Lancet by Dr. Riphagen and colleagues

• May 10, 2020
• NYC - at least 85 children have presented with an inflammatory syndrome

• 3 have died due to TSS with links to SARS-CoV-2 infection

• Another 2 deaths are under investigation 



Case Definitions

• Royal College of Paediatrics and Child Health (PIMS-TS)

-Persistent fever

-Inflammation (neutrophilia, elevated CRP and lymphopaenia)

-Organ dysfunction

-Children fulfilling full or partial criteria for KD may be included

-Exclusion of any other microbial cause 

-SARS-CoV-2 PCR testing positive or negative

• CDC MIS-C Associated with COVID-19

-Fever

-Laboratory evidence of inflammation

-Clinically severe illness requiring hospitalization

-Multisystem organ involvement

-No alternative plausible diagnoses

-Positive for SARS-CoV-2 infection by RT-PCR, serology, or antigen test; 

or COVID-19 exposure within the 4 weeks prior to the onset of symptoms



Shelley Riphagen 
Paediatric Intensivist Evelina London Children’s 

Hospital

Clinical lead South Thames Retrieval Service

Paediatric 

Inflammatory Multi-

system Syndrome-

Temporally associated 

with SARS CoV2

PIMS-TS



STRS Evelina Public health alert, end April

• 4 cases “Toxic shock” in one day

• All one borough

• 3 more in next 24 hours, different boroughs

• All exact same clinical picture



Setting

Previously “fit and well” children

Significant viral exposure in 

community

Multiple children in London ( and 

internationally) presenting with 

similar clinical picture

– High fever

– Loose stools & abdominal 

pain 

– Lethargy

– Shock

– Rash

– Myocardial dysfunction

– Biochemical evidence of 

hyper-inflammation

Covid cases in adults April 22, 2020





Disclaimer

Not expert at 

this disease



Lancet May 13 2020

Carcillo PCCM May 2020

Varga. Lancet April 20



Cytokine storm in Covid

adults
• Over reaction to infectious trigger 

• Response may be delayed

• Diagnosis

• History compatible with infectious 

trigger 

• Clinical features to support multi-

organ involvement

• Lab results to support hyper-

inflammation

www.thelancet.com Vol 395 March 28, 2020



No obvious primary infection

Hyper-inflammation

Delayed severe clinical illness characterised by unrelenting fever, rash, 

myalgia and abdominal pain, conjunctivitis and vasoplegic shock

Cross over picture

Kawasaki shock syndrome, toxic shock syndrome and HLH

Clinical picture in children



Acutely 

presenting rash 

with PIMS-TS

Macular, non 

blanching areas 

of tender 

redness, not hot

Adjacent areas of 

extreme pallor 

with no cap refill



Kawasaki Disease

Clinical features
Children <5yo

Fever >5 days + 

4 of 5

• Rash

• Significant cervical lymphadenopathy

• Conjunctivitis

• Oral mucosal changes

• Peripheral extremity changes

Development of coronary artery aneurysms 

without all of above + atypical KD

Small subset with shock KDSS: GI sx & shock

Laboratory findings
• Slightly low Na

• Elevated ESR, CRP, WCC

• Thrombocytosis by end of disease 

progression

• Transaminitis

• Sterile pyuria and aseptic meningitis

Treatment
Early IVIG 2g/kg

Aspirin

Steroids in IVIG resistance/ TNFa blockade-

infliximab

Other important points
Definite genetic susceptibility

sHLH

Clinical features
5 of 8 clinical and lab features

Fever >38C

Splenomegaly

Defined trigger (infection, malignancy, 

rheumatoid disease = MAS)

Laboratory findings
• Cytopaenia (2 of 3 lines)

• Hypertriglyceridaema (>3 mmol/l) UL1.7

• Hypofibrinogenaemia (<1.5 g/l) UL 3.9

• Hyperferritinaemia (>500ug/l) UL 114

• Low/ absent NKC

• Elevated soluble CD25 (soluble Il-2 receptor) 

and reduced perforin

Treatment
• Multi-organ support

• High dose steroids, etopside, cyclosporinA

• IVIG

• Cytokine targeted treatment: Anakinra

Other important points
Multiple well described genetic associations in 

pHLH and some in sHLH

Toxic shock 

syndrome

Clinical features
• Severe illness d/t GAS (throat/URTI/ peri-

menstrual) or Staph (skin lesion)

• Erythematous rash 

• GI symptoms (pain/ Diarrhoea/ vomiting)

• Shock, classically starting with vasodilated shock 

(toxic vasculopathy)

• Severe limb pain-Soft tissues necrosis esp

necrotising fasciitis, myositis or distal gangrene)

Laboratory findings
• Abnormal relevant microbiology

• Elevated CRP

• Renal impairment

• Coagulopathy with DIC (low plt, clotting deranged 

with elevated D- dimers)

• Transaminitis

• ARDS

Treatment

• Source control early

• Broad spectrum antibiotics & Clindamycin (Tissue 

penetration and immune modulation)

• IVIG 1g/kg over 2 days



PICU, all received noradrenaline
22 Cases

Shock
n = 21

Cardiac dysfunction

n = 19

Ventilated

n = 10

ECMO

n=2

No 
ECMO

n=8

HFNC

n = 3

Nil

n=6

Nil dysfunction

n =2 

Ventilated

n = 0

Nil

n = 2

Respiratory 
n = 1

Vent

n = 1

Alive

n=1

One death

Majority respond to 

immunsuppression+norad

19 cases excluding “possible” 

cases

14th - 28th April 
(1 case 14th March)



Demographics
Ethnicity

11/16 African

4/16 Middle east/ 

Indian

London ethnicity 

2007

Ethnic minority 

children completely 

over-represented in 

London cohort

Vast majority in 

group in higher 

weight centiles



6yo, Afro-caribbean

female

26kg (75th C)

Completely well

5 d fever & lethargy

Muscle pain, diarrhoea 

and conjunctivitis

oedematous

Local treatment

Ceftriaxone & 

Clindamycin

40ml/kg volume 

resuscitation

Referral STRS
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First blood 

testsWC 10.7

Lymphs 1

Hb 96

Plt 158

Fibrinogen 4.1

D dimers 9.95

Ferritn 924

Trop T 45

NT-

proBNP 9376

Alb 31

Typical presentation and course in first cohort- but management changing 

rapidly based on ID/ rheum advice



Biochemical findings

FBC:

Normal-High WBC 5-30

Lymphopaenic <1

Borderline low plt 100-140

Fibrinogen 

Elevated 5-10 g/l (N=1.9-3.7)

D Dimers

Elevated 5-20mg/l (N=0-0.5)

Ferritin
Elevated 500-5000mcg/l (N<100)

Hyponatraemic 125-135mmol/l

Hypoalbuminaemic 20-30g/l

Normal renal & Liver fxn

CRP very elevated 150-600mg/l

PCT slightly elevated (5-15)

Troponin elevated 40-1000 ng/l (N<12)

NT pro- BNP 5000-14 000 ng/l (N<400)

Vit D low <50, some very low <20nmol/l

Triglycerides high >2mmol/l fasting



Biochemical course of illness





Cardiac manifestations 

Echocardiogram: Parasternal short axis.

Showing origin and proximal course of left coronary artery.  There is 

aneurysmal dilatation of the left main and left anterior descending coronary 

artery.

Bright & dilated coronaries Development of coronary aneurysm

Vasoplegic shock, depressed longitudinal ventricular function, pancarditis, 

pericardial effusion, transient Wenckebach phenomenon, VF in one



Current management for critically ill children

• Steroids

• Methylprednisilone 10mg/kg (max 

1000mg) – 5 days, then wean 2 wks

• Non-shocked 1- 2mg/kg x 5 days

• Aspirin

• Low dose 3-5mg/kg, capped at 

75mg

• Then low molecular weight 

heparin

• IVIG

• 2g/kg if clinically stable/ no 

concern about volume overload

• Vit D

• 100 000 IU



Learning points

Completely under-evaluated (15yo 54kg sBP 59  Red eyes & dizziness)

Abdominal pain significant feature  (beware surgical mimics)

Many like toxic shock 

(beware some will be and will need source control, cover Ceftriaxone & clindamycin)

Most atypical KD- TSS cross over 

myocardial involvement totally under–evaluated without Echo; careful volume resuscitation, 

early milrinone & nor adrenaline

Very hyper-inflammatory, possibly vasculitic

Rash, leaky- pleural, pericardial, ascitic and generalised leak, peri-vascular enhancement)-

need aggressive anti-inflammatory control- aspirin, methylprednisolone 

Probably post-infection antibody/ cytokine mediated response?

No primary disease history, no acute infectious swabs positive, IgG positive- IVIG



Most NB

Team effort

Early involvement

– Immunology/ Infectious diseases

– Cardiology

– Rheumatology

Support of DGH

– When to refer

– What to look out for

– What blood tests

– Save serum!



Ongoing management questions

Right dose steroids?......started too high, major side effects, reduced/ stratified

Aspirin….started too high, lower dose. Important in recovery phase with 

thrombocytosis

When to escalate treatment/ de-escalate?

When to use targeted biological antibody management?

– Which one better?

• Infliximab

• Tocilizumab

• Anakinra

Predictors of severity?....Cardiac involvement



https://www.rcpch.ac.uk/resources/guidance

• Public Health England alert

• NHS England alert

• Royal College of Paediatrics

• Paediatric intensive care society

• ELCH PIMS-TS resource



Unanswered questions

What are the predictors of critical care disease severity

– ?Trop/ BNP

Is there a specific genetic predisposition similar to SLE, 

SARS,MERS, KD?

Is the adult disease that has been identified as sHLH/ 

cytokine storm just a spectrum of the same pathology in children

– Pulmonary embolus, stroke in young adults?



Follow up

Over 60 children in Evelina since mid-April

2nd follow up clinic

“All 8 children seen looked really well, 

cardiac function either stable or significant improvement. 

Few readmissions amongst whole group-ongoing carditis with depressed function

Bloods all good. 

The cohort were mostly from the week when …were on, week before last (3 

weeks ago)

All had been through PICU. Many of the families said how much they had valued the 

care they received whilst on PICU”



Multisystem Inflammatory Syndrome 

in Children temporally related to 

COVID at ACH

Susa Benseler, Rheumatology



Infection           immune response

immune dysregulation/hyperinflammation

Cytokine release

• Systemic inflammation 

(fever, malaise)

• Vessel inflammation 

(hyperemia, rashes, 

vascular leakage, LN, 

dilatations/aneurysms)

• Inflammatory shock 

(hypotension, myocardial 

dysfunction/myocarditis)

https://www.mirror.co.uk/news/u

k-news/mum-details-kawasaki-

disease-symptoms-22045811

https://www.mirror.co.uk/news/uk-news/mum-details-kawasaki-disease-symptoms-22045811


WHO: Preliminary Case Definition

Multisystem Inflammatory Syndrome in Children 

temporally related to COVID

Children 0-19 years of age with Fever >3 days

AND one/two of the following:

a) Rash or bilateral non-purulent conjunctivitis or muco-cutaneous inflammation signs (oral, hands 

or feet)

b) Hypotension or shock, or features of myocardial dysfunction, or pericarditis, or valvulitis, or 

coronary abnormalities (ECHO findings or elevated Troponin/NT-proBNP)

c) Acute gastrointestinal problems (diarrhoea, vomiting, or abdominal pain)

AND

Elevated markers of inflammation such as ESR, C-reactive protein or procalcitonin

AND

No other obvious microbial cause of inflammation, including bacterial sepsis, staphylococcal or 

streptococcal shock syndromes

AND

Evidence of Covid (RT-PCR test positive or serology), or likely contact with patients with COVID



Kawasaki and Coronavirus 



Kids with hyperinflammation at ACH 



Clinical features 

• Typical clinical features: fevers, fatigue, malaise/crankiness

• KD features: red eyes, cracked lips, swollen lymph nodes, puffy 

hands/feet, rash

• COVID in kids phenotypes: 

• GI symptoms (abdominal pain, nausea/vomiting, diarrhea)  

• Loss of smell/taste, headaches, neck pain, chilblain-like rashes 
toes

• Inflammatory shock: hypotension, tachycardia, myocardial 

dysfunction, HSM, non-responsiveness to fluid recussitation

Laboratory and other tests

• Blood/urine: 

• Inflammation: CRP, ferritin, D-Dimers, CBC – lymphopenia, platelets low 

normal, low albumin, (high procalcitonin)

• Heart/vessels/coags: troponin, BNP, PTT, INR, fibrinogen 

• Organ function: LFTs including bili, LDH, creatinine, urine, electrolytes

• COVID: PCRs NPS, stool, blood

• Chest x-rays, ECG

• Cytokines and receptors * (IL1/6/18, CXCL10, macrophage markers)

* APL permission needed 

Diagnosing hyperinflammation



Multidisciplinary team, early testing

• ED/ICU/Hospital Paediatrics, Infectious Diseases, Cardiology, 

Rheumatology/Immunology, others as appropriate (GI, Neurology)

• Include peds COVID study coordinator, commitment to peds COVID studies

• Rapid completion of testing (store serum/plasma for further testing)

• Early ECHO, early repeat

Treatment of hyperinflammation 

• Shock management, early start of vasopressors 

• IVIG 2g/kg for KD management

• Antithrombotic therapy 

• High dose ASA for KD, low dose when afebrile

• Escalation to heparin, if coronary aneurysms

• Corticosteroid pulses (30mg/kg) x 3 days

• Biologic therapies – options IL-1 inhibition (anakinra) or IL-6 inhibition 

(tocilizumab) after team considerations (high risk child, failure to other 

immunosuppression) or anti-TNFa (advanced coronary artery disease)

* being hired 

**APL permission needed 

Managing hyperinflammation





Thank you 

On behalf of the ACH 

COVID team 


