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By next week, this presentation will be out of
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e MIS-C: Multi system
inflammatory syndrome in
children

 PMIS / PIMS: Pediatric
multisystem inflammatory
syndrome

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

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

e Erythematous macular rash
e Cough
e Diarrhea

e Body aches
e WADAO

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

 CBC WBC 15k with bandemia rest wnl
e CMP wnl

e CRP 30 mg/dl

e CK nl

e Resp panel nl

e Gl panel nl
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CASE CCMC Cardiac Work up

ECHO 5/12

e 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
e 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 ¢~ Portable
e Ddimer 3.66 S = -- Supine

e Cytokines
* |L-6 40
e Soluble IL-2 2850

* CRP 30
* TG WNL
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CASE 2 CCMC

* Transferred to COVID flooron 2102

* Transferred to PICU after increased 02 and low BP
e Intubated on 5/12 in pm

e Required milrinone and epinephrine for support

e Started on Remdesivir 5/13

W W N

CookChildren’s.


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 CCMC Treatment

e IVIG 110 g x 1 dose

* Anakinra 100 SQ 3 times daily

e Solumedrol 50mg IV every 8 hrs
e Remdesivir 100mg every 24hr IV

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

e Extubated 5/17 on 3L 02

Portable

* Milrinone decreased ' Supine
SID 40"

* Ddimer 1.6

e Ferritin 411

* CRP 20

e CBC WBC 29.27
e CMP wnl
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CASE CCMC Cardiac Labs Current

ECHO 5/15

e Normal left ventricle structure, size and function
* Normal LVEF= 61% by bullet method

 Normal right ventricular size and systolic function

e Atrial septum was not assessed on repeat echo
 Small pericardial effusion noted posterior to the LV.
* BNP 254 |

e Troponin 0.598 !
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Questions and Observations?

e Rapid clinical deterioration!!

* Ferritin not terribly high?
e Soluble IL-2 high
e |L -6 high
e No Cytopenias/Lymphopenia
e Definite Cardiac Dysfunction(Carditis)
* No aneurysms so far? Did not meet criteria for KD?

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

Age;weight;  Clinical presentation Organ Pharmacological Imaging results Laboratory results Microbiology  PICU length
BMI; support  treatment regults of stay;
comorbidities outcome
Initial PICU referral
Fatient1 Lldyears 4dsys>40°C:  BPBOMO mmHg MV,RRT, Dopamine, RV dyshinction) Feritin 4220 jagfl: D-dirmeers.  SARS-CoV-2  Goiys;
{male, 95 kg Felays HE 120 beats/min;  VA-ECMD  noradrenaline, elevate RVSF; ileitis, 134 mg/L;troponin 675 ngfl;  positive (post  demise
Afro- BMI33 kgim®;  non-bloody RR 40 breaths par argipressin, adrenaline  GB oedema and proBNP =35,000; (RP martem) {right BMCA
Cari:hu.rl:l na diarrbwea; min; work af milrincne, dilated hii-:r'lrﬂ.-. Sﬁﬁmg,ﬂ_; and ACA
comorbidities  abdominal pain;  breathing: Sat02 hydraxicortisane, NG, ascites, bilsteral basal  procalcitonine100 poL; mchaermic
headache Bg% NCO2 ceftrimpnes, dindanmyein  hingcomoldstions  allwurin 20 gl plitelets inkasction)
and diffuse nodules 123=10°
Patient 2 Eyean; 3{”&5; Eda'g,u. =35 BPF 81/37 mrmHg; MY Moradrenalires, Mild biventric wlar Ferritin 277 psg/L; D-dirmers SARS-Col-2 4 d.u].-.l.;arrw
{male, BEMI 18 kgfm"; non-bloody HE 165 beats/min; adrenaline, G, dysfunction, 48 mg/L; troponin 25 ng/L;  negative; likely
Afro- na diarbioes; RE 40 breathsf irfliarmat, M.-u'l.-rel:.rrllat:d CRFP 255 rng_n'L;prnca]:itnnin COVID-15
Caribbean) comoarbidities  abdaminal pain; min; S¥1A methylprednisalone, coronarnies; mcites, 84 pg/L; albumin 18 g/L; expoiune frarm
conjunctivitis; rash ceftrianone, clindamycin - pleural effusions platelets 61« 10° mather
Patient 3 Ayears; 18 kg 4 days=30°C; BP 90/30 mmkg; MV Moradrenalires, Aucite, pleural Ferritinn 574 pg/L; D-dirmers Adenovires 4 dnys; alive
l:rn.'!]e, m'l?bg,l'm"; diarhoesand HR 170 beatsfrming adrenaline, MG effusions. 11-7 mgfl; tropinin 45 ngfl;  positive; HERV
Middle- 1o vomiting; RR 35 breaths) ceftriaane, clindamycin CRP 323 mglL; procakitonin positive
Eagtesrn) comorbidities H:d:rninﬂpﬂin.: min; SW1A 103 p.g_fL;.‘:umin]!lgﬂ.;
rash; conjunctivitis platelets 103 10"
Fatient 4  13years; G days =39°C; BP 77/41mmHg  HFMNC Moradrenalins, Moderate-severe LV Ferritin 631 pg/L; D-dimers SARS-CoV-2 G days; alive
(femals, 64 kg BMI nan-blaady HIE 127 baats/min; milrimane, IVIG, dysfunction; ascites 3.4 mo/L; troponin 250 noil;  negative
Afro- Ikg'm’ne  diarrhoes; RE 24 breaths) ceftrianone, clindamycin proBNF 13427 ng/L; CRP
Caribbean) comorbidities  sbdominal pain;  min; SW1A 307 moL; procalcitenin
conjunctivitis 121 pafL; alburmin X1 o'L;
platelets 146 « 10%
PatientS  Gyears; 22 kg 4 days »39°C; BF B85/43 mmHg: NIV Milrinane, IVIG, Dillated LV, AVVE, Ferritin 5.5I:I|.|.g_|l;[l-|:|im|:r!. SARS-CaV-2 4 days; alive
(male, BMI 14 kgfm";  adynophagia; HE 150 beats/min; methylprednisolone,  percoronary 111 mg/L; traopanin 47 ngfl;  positive; likely
Asian)  autism, ADHD  rash; RR 50 breathe) asgirin, ceftriaxmne hyperechogenicity  NT-praBNP 7004 ng/L;CRP COVID-19
conjunctivitis mir; S¥IA 183 mg/L; albumin 24 g/L; exprrune fram
platelets 165« 107 father
Patient & 'Enyean; Z‘E-I)g; Ed.a.:.rs.;-ﬂ.ﬂ't; BPF 7746 mmbg; NIV Dhopeairmiiraes, Mild 1w dyritbodic Ferritin 1023 jgiL; D-dirers  SARS-CaV-2 3d.u:.r:.;a]iw
(female, BMI 15 kgim®;  miyalgis; HE 120 beats/min; noradrenaline, impairment 99 mg/L; troponin 45 ngfl;  negative;
Alfro- na Jdayudiarthoea  RR 40 breaths) milrinone, IVIG, NT-praBNF 9376 ng/L; CRF confirmed
Carl:baa'l:l comorbidities a:dvnmiting: min; S¥W1A rned'rﬂ)red'lisdm:. rng.'LlﬁS; procakitonin CoOVID-19
conjunctivitis aspirin, ceftrizmone, 11-6 pg/L; albumin 25 g/L; exprrune fram
chindanmmycin platelets 158 grandfather
Patient 7 12 years; 4d.lﬁ =35 BPF B0/4R mmig MY Moradrenaline, Siovere biventricular  Ferritin EE.Bpg.I'L:D-{ﬁ'n:f SARS-CaV-2 -Id.lﬁ;lﬁ'u!
{mae,  SokgEMI  2daysdiarhoea  HE 125 bestsimin; adrenalive, miinons,  impairment; ileits, 245 mg/L; troponin negative
Afra- 20 kgfm; and vomiting RR 47 breaths/ G, ascites, plewrsl 813 ng/L; NT-proBNP
Caribbean Japu:i. .I:dbrninl|pﬂ.in; mir; Satds: G8%; rneﬂqﬁmad'ladut. effusions }ﬁﬂMngﬂ;Cﬁ?]ﬁlrrlgrL;
areata, rash; HFMC Fid: 0,35 heparnin, ceftriaone, procaletonin 715 pafL;
hayfewver adynophagia; dindarmyein, albumin 24 o/L; platelets
headache metronidazoke =it
Patient 8 Byears; G0 kg, 4 days =39°C; BPF B2/41 mmHg MY Droprarmire, Moderates LY Ferritinn 460 pg/L; D-dimers SARS-Col-2 7 days; alive
(femals, BMI 25 kg/m’;  adynophagia; HE 130 beats/min; moradmeraline, dysfunction 43 mg/L; troponin 120 ng/L;  negative; likely
Afro- ng .Id.a.:.r:.diarrlmm RE 35 breaths) rni|riru'|=.|".l'lﬁ.upirin, CRP 347 mg/L; procakitonin COVID-19
Caribbean) comorbidities  and vomiting: min; Satd: 97% ceftrianone, clindamycin 7-42 pgiL; albumin 22 giL; exporine fram
d:dumina|pﬂ.in KOO p|at=|=b2§5n1ﬂ' parent

A= anterior cercbral arteng. ADHD=attention defict hypemctivity disorder. AVR=atnioventricular vahse requegitation. Bil=body mass index. BF=blood pressure. COVID- 19=connarirus. disease 2019, (AP =Creactie
protein. Fille=fraction of inspired meygen. HERV=human endogenous retrovines. HFNC=high- flos nasal canuda. HR=heart rate. IVIG=human intravenous immunoglobuling |=left vertricle. MC&=middle cerebral artery.
Wv=mechanical ventilation via endotracheal tube. NIV =non-imasive ventdatson. P U=paediatric intersie care unit. RA=room air. BR=respiratony rate. RET=renal replacement therapry. R=right ventricie. RVSP=right
ventrioular systalic presure. SARS: Cols 2=severe acute espimtony symdmme coronawinus 2 Satih=noygen sturation. SWlAs=selfventilating in air. Wi ECW O=veno-arterial extracorporeal membrane oioygenation.

Table: Demographics, dinical findings, imaging findings, treatment, and outeome from PRCU

‘CookChil

VW W N

dren’s.

warwthelancet com Published online May 6, 2020 https:/fdoi.org/10.1006/50140-6736{20)31094-1



10-patient series of PMIS from lItaly

Patient 1 Patient 2 Patient 3 Patient 4 Patient§ Patient 6 Patient7 Patient 8 Patient 9 Patient 10
Age, years 8.2 70 29 77 75 160 5-0 9.2 55 55
Sex Male Male Female Female Female Male Male Male Male Male
Type of Kawasaki disease Incomplete Incomplete Classic Incomplete  Incomplete  Classic Classic Incomplete  Classic Classic
Other symptom Diarrhoea, Diarrhoea,  Diarrhoea Diarrhoea ~ Meningeal  Diarrhoea Meningeal  Diarrhoea,
meningeal meningeal signs signs drowsiness
signs signs
MAS* Yes Yes Yes Yes Yes No No No No
Ferritin >684 ng/mL Yes (1183) Yes (893) Yes (1972) Yes(3213) Yes(2027) No(199) No (449) No (307) No (341)
Nasal swab for SARS-CoV-2 Negative Positive Negative Negative Positive Negative Negative Negative Negative Negative
Serology for SARS-CoV-2 (IgG, IgM) Negative, Positive, Positive, Positive, Positive, Negative, Positive, Positive, Positive, Positive,
negative negative negative positive positive negative® negative negative positive negative
Serology (days from onset) 30 18 16 11 11 10 8 7 4 6
Contact with suspected or confirmed  No Yes No No Yes No Yes No Yes Yes
case
Caregiver nasal swab for SARS-CoV-2 Positive Negative Negative Negative Negative Positive Negative Negative Positive
Treatment IVIG plus IVIG plus IVIG plus IVIG plus IVIG plus IVIG plus IVIG plus IVIG plus IVIG plus IVIG plus
aspirin mPDN mPDN mPDN mPDN mPDN aspirin mPDN mPDN mPDN
Inotropes No No No Yes Yes No No No No No
Response Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
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Multisystem inflammatory syndrome in Children in New York State
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B Covid-19 |l MIS-C == 7-Day average of Covid-19 cases
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Figure 2. Pediatric Cases of Coronavirus Disease 2019 (Covid-19) and of MIS-C.
All data are for patients younger than 21 years of age in New York State from March through May, 2020. Covid-19
was defined by a positive test for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

Dufort EM et al. N engl j med 383;4 nejm.org July 23, 2020
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Table 2. Demographic and Clinical Characteristics of the Patients at Hospital Admission, According to Age Group.™

Owverall 05 Years 6-12 Years 13—20 Years
Characteristic (N=99) (N=31) (N=42) (N=286)
Positivity for SARS-CoV-2 — no_[total no. (%)
'On RT-PLR assay 50,38 (51) 15731 [48) 19741 (48) 16/26 (62)
On serclogic assay for IgG antibodies TEYTT (99) 24725 (96) 33733 {100) 19/19 (100)
Male sex — no. (96) 53 (54) 20 (65) 18 (43) 15 (58)
Race — no._ftotal no. (&)
White 29,78 (37) 1027 (37) 1334 (38) 6/17 (35)
Black 31,78 (40) 1327 (48) 1234 (35) 6/17 (35)
Asian 4/78 (5) 0y27 2/34 (6) 2/17 (12)
Othert 1478 (18) 4727 (15) 7/34 (21) 3/17 (18)
Ethnic group — no_Jtotal no. (%) 1
Hispanic 31/85 (36) 12,28 (43) 1135 (31) 8/22 (36)
Mot Hispanic 5485 (64) 16/28 (57) 2435 (69) 14/22 (54)
Coexisting conditions — no. (36)§
Any 36 (36) 10 (32) 14 (33) 12 (46)
Chronic lung diseas=9 14 (1L4) 2 (6} s (12) 7 (27)
Obesity 29 (29) 10 (32) 11 (26) &(31)
Symptomns at admission — no. (%)
Constitutional: fever or chills 99 (100) 31 (100) 42 (100} 26 (100)
Cardiovascular: chest pain 11 (11) 1(3) 37 T(27)
Any gastrointestinal 79 [(E0) 23 (74) 35 (83) 21 (E1)
Abdominal pain 60 (61} 18 (58) 29 (69) 13 (50)
Mausea or vomiting 57 (58) 16 (52) 25 {60) 16 (62)
Diarrhea 49 (43) 13 (42) 23 (55) 13 (50)
Any dermatalogic 61 (62) 24 (77) 25 (60) 12 (46)
Rash 59 (60} 23 (74) 25 (60} 11 (42)
Swollen hands or feet 9 (9) 6 (19) 1(2) 2(8)
Any gastrointestinal and any dermatologic 48 (48) 17 (55) 21 {50} 10 (38)
Any mucocutaneous 60 (51) 22 (71) 25 (60) 13 (50)
Conjunctivitis 55 (56) 71 (68) 23 (55) 11 (42)
Mucosal changes 27 (27) 15 [48) g (19) 4 (15)
Any gastrointestinal and any muco- 48 [48) 16 (52) 21 (50) 11 (42)
cutaneous
Any neurologic 30 (30) 4(13) 16 (38) 10 (38)
Headache 29 (29) 4 (13) 15 (36) 10 (38)
Altered mental status or confusion 2(2) o 1(2) 1(4)
Lymphadenopathy 6 (6) 4 (13) 2(5) o
Any musculoskeletal 20 (20) 2 (6) 9 (21) F (35)
Muscle aches or myalgias 17 {17) 1(3) g (19) 8 (31)
Joint pain 4 (4) 1(3) 142) 2 (8)
Upper respiratory 27 {27) 12 (39) 9 {21) & (23)
Congestion 13 (13) 8 (26) 2(s) 3(12)
Table 2. (Continued.)
Owverall 0-5 Years 6-12 Years 13-20 Years
Characteristic (M=53) [{N=31) (M=42) {N=26)
Sore throat 16 (16) 5 (16) 8 (19) 3{12)
Lower respiratory 40 (40) 13 (42) 14 (33) 13 (50)
Cough 31(31) 11 (35) 11 (26) 9 (35)
Shertness of breath 19 (19} 5 (1) 6 (14) 8(31)
Wheezing 1{1) 1(3) o 0

Dufort EM et al. N engl j med 383;4 nejm.org July 23, 2020



Multisystem inflammatory syndrome in Children

in New York State

Table 4. Clinical Course and Outcomes, According to Age Group.®

Overall 0-5 Years 6-12 Years 13-20 Years
Variable (M=99) (N=31) [(N=42) [N =26)
Median time from symptom onset to hospital 4 (3-6) 4 (3-6) 5 (4-5) 4 (3-8)
admission (IQR) — days

ICU admission — no. (5] 79 (B0 19 [61) 35 (50) 22 (85)
Median time to ICU entry {IQR) — days 0 (0-1) 0 (0-2) 0 (0-1) 0 (0-1)
Median length of stay (IQR) — days

Overall 6.0(4.0-9.0) 60(3.0-80) 60(40-100) &5 (6.0-10.0)

Among those discharged 6.0(40-80) 50(3.0-7.0) 4.0 (40-8.0) 6.0 (5.0-10.0)
Therapy — no. (3]

BiPAP or CPAPT 7(7 1(3) 3 (7) 31(12)

High-flow nasal cannulaj 16 (16) 1(3) 10 (24) 5(19)

Mechanical ventilationt 1010 3 {10) {7 4 (15)

ECMO 4 (4) 1(3) 2 (5) 1(4)

Vasopressor support 61 (B2) 15 [48) 29 (89) 17 (&85)

Systemic glucocorticoids 63 (64) 16 (52) 30 (71) 17 [65)

IVIG 69 (70) 26 (84) 30 (71) 13 (50)

Systemic glucocorticoids and IVIG 48 (48) 15 [48) 25 [80) 3 (31)
Diagnoses — no. (%) 1

Kawasaki's disease or atypical Kewasaki's 35 (36) 15 (48) 18 (43) 3(12)

disease

Myocarditis 52 (53) 12 (39) 21 (50) 19 (73)

Shock 10 (10) 4 (13) 5 (12) 1 {4)

Coronary-artery aneurysm 99 4 [13) 4 (10) 1 (4}

Acute kidney injury 10 {10) 3 (10) 4 [10) 3 (12)

p—— I Death — no. (%) 2(2) 1(3) 1(2) 0

‘CookChildren’s*
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Multisystem Inflammatory Syndrome
Children (MIS-C) Associated with
Coronavirus Disease 2019 (COVID-19)

I This is an official
CDC

~ HEALTH ADVISORY

Distributed via the CDC Health Alert Network
May 14, 2020, 4:45 PM ET
CDCHAN-00432
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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.

e Variety of symptoms that affect different organs.

 Many children present with symptoms resembling TSS or KD
Gl symptoms

Kidney injury

Neurological symptoms

Heart inflammation

Coagulopathy

* Most children recover well with careful observation and treatment
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Epidemiology

e Rare

* Incidence of SARS CoV2 in < 21 year old: 322 per 100.000
* Incidence of MIS-C: 2 per 100.000

e Older children and adolescent

e >>> Black and Hispanics

e 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
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MIS-C cases (7 day moving Average)

Covid in the U.S.: Latest Map and Case Count
By The New York Times Updated September 24, 2020, 9:39 PM. E.T. MI S _ C Cases (7 _ ]:)a,y Moving Average)

Numbers in the country:
-935 patients

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

151

TOTAL REPORTED ON SEPT. 23 14-DAY CHANGE

Cases /7.0 million+ 41,566 +14% —
Deaths 202,704 1,091  +1%—>

101

MIS-C cases (7 day moving average)

0

Mar 16 Apr 01 Apr 16 May 01 May 16 Jun 01 Jun 16 Jul 01 Jul 16 Aug 01 Aug 16 Sep 01
Date of onset
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COVID-19 Disease Course

SARS-CoV-2 Respiratory Tract Viral Load

5.1 days (median)

MIS-C presentation

Days - weeks

Incubation Period AcuWild\Qase * ARDS/Pro-inflammatory Phase

Recovery

t,

0.20
Symptom onset

0,154

0.10

Relative Frequency

0.054

0.00 , . :
0 7 14 21

Days from Infection to Symptom Onset

Pan Lancet ID 2020 https://doi.org/10.1016/51473-3099(20)30113-4
Zou NEJM 2020 DOI: 10.1056/NEIMc2001737

Zhou Lancet 2020 https://doi.org/10.1016/50140-6736(20)30566-3
Li NEJM 2020 DOI: 10.1056/NEIM0a2001316

Hallmarks: dyspnea, tachypnea, hypoxemia

* Acute Mild Phase: nonspecific symptoms. Most
commonly fevers, cough, myalgias, fatigue. Nausea,
diarrhea reported <50% of the time

Wang JAMA 2020 doi:10.1001/jama.2020.1585
Siddiqi JHLT 2020 d0i:10.1016/j.healun.2020.03.012




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

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

e Myocardial injury
e Systemic inflammation
e Acute myocarditis
* Hypoxia
e Stress
Cardiomyopathy
Ischemia due to Coronary artery inflammation
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Presentation

 Daily call for Infectious Disease teams in the world

* Along the lines of other illnesses that we see in the ID service
e COVID19 in the community long enough (more than 1 month)
e Age: 8-10 year old, some young adults with similar symptoms

e Fever

* Gl category
e KD, TSS
* Neurological involvement: ataxia, headache, confusion, headache, focal signs

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

VW W N
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Pediatric Post-COVID-19 Inflammatory Syndrome

Patients presenting with this inflammatory syndrome may have had a preceeding iliness
consistent with COVID-19, or had a COVID-19 sick contact.

s =

O Rash - reticular, morbilliform, O Headache

0/_QNo J o/ _G0O°
30%-80% p”rp””'lzl : O Altered Mental Status 30%-60%
O Lip Swelling / Cracking O Meningismus
O Strawberry Tongue O Focal Deficits
O Extremity Swelling / Peeling O Seizure
O Conjunctivitis
O Blisters / Erosions
(0] o)
CARDIOPULMONARY 20%-60%
O Respiratory Distress
SYSTEMIC INFLAMMATION O Chest Pain
E ?"V*:\'gia‘-"d, l GASTROINTESTINAL
achycardia
O Hypotension O Nausea /Vomiting 60%-100%
O Hypoperfusion or Hyperperfusion 0 Diarrhea
O Lymphadenopathy / Lymphadenitis O Abdominal Pain
1L
Creators: Arielle Valdez-Sinon, Ph.D, MS3 @ariellevaldez, Reviewers : Pradip Kamat, MD, @pradipsedation
Kerri Andre, MS3 @andre_kerri Rahul Damania, MD, @hyquruprep
Shubham Patel, MS3 e e s
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Cook Children’s Medical Center Guidelines

|CDC Case Definition for MIS-C from May 2020

This statement derived from the Centers for Disease Control.

As described in the Health Advisory, “Multisystem Inflammatory Syndrome in Children {MIS-C) Associated with
Coronavirus Disease 2019 (COVID-19),” the case definition for MIS-C is:

O Anindividual aged <21 years presenting with fever®, laboratory evidence of inflammation®*, and evidence of
clinically severe illness requiring hospitalization, with multisystem (>2) organ involvement (cardiac, renal,
respiratory, hematologic, gastrointestinal, dermatologic or neurological); AND

O No alternative plausible diagnoses; AND

O Positive for current or recent SARS-CoV-2 infection by RT-PCR, serology, or antigen test; or exposure to a suspected
or confirmed COVID-19 case within the 4 weeks prior to the onset of symptoms.

*Fever > 38.0°C for = 24 hours, or report of subjective fever lasting = 24 hours
**Including, but not limited to, one or more of the following: an elevated C-reactive protein (CRP), erythrocyte

sedimentation rate (ESR), fibrinogen, procalcitonin, d-dimer, ferritin, lactic acid dehydrogenase (LDH), or interleukin @ (IL-
6), elevated neutrophils, reduced lymphocytes and low albumin

Additional comments:

o Some individuals may fulfill full or partial criteria for Kawasaki disease but should be reported if they meet the case
definition for MIS-C.

o Consider MIS-C in any pediatric death with evidence of SARS-CoV-2 infection.

VW W N

L
2
Adapted for use by Cook Children’s Medical Center, 2020 ‘COOkChlldren S»»



EMORY INTERNMAL MEDICINE RESIDEMNCY: COVID-19 VISUAL SERIES An Emory educational initiative in partnership with Baylor Infectiouws Disease

CDC Defines New Syndrome: Multisystem Inflammatory Syndrome in Children (MIS-C)
MIS-C should be diagnosed and reported in a patient <21 years old with all of the following:

Fever Hospitalized with involvement of 1.f|c:|n=nce of Inflammation
= 2 of the following organ systems

g organ sys » Lymphocytes

E'EH + Albumin

IL-&
Neutrophils  *Only need one
D-Dimer of these lab
Procalcitonin  values or other
Ferritin lab evidence of

LDH inflammation
Fibrinogen

38°C or subjective fever

for = 24 hours
SARS-CoV-2 ‘nﬂ’ !
Positive Renal Meurologic

RT-PCR Serology or
Antigen test or

COVID-19 exposure m .

within 4 weeks Y Gastrointestinal :
alle, — Mo alternative

o - Hematologic Cardiac Dermatologic plausible .;ﬁ..gm

LR

All patients meeting MI5-C criteria should | Where to report: hitps:.//www.naccho org/membership/lhd-directory
be diagnosed and reported to the local, | 24-hour support:

state, or territorial health department » Local Health Department Phone Numbers: hitps//resources. cste org/epiaftachours
(even if also meeting Kawasaki criteria). * CDC Emergency Operations Center: 770-488-7100

Refarence hitpsfemerpenoy od powhan! 2020 hand01F 210 7] EMORY Editors: Tyler Daugherty, M54, @%vierdau
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Evaluation

* Physical exam
 |f ill appearing: broad differential diagnosis and extensive work up

e Labs:

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

VW W N
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Cook

Admitting Labs and Imaging Work Up

0O 0do o

U

SARS-CoV-2 PCR swab

Respiratory pathogen panel

CBC with differential, C reactive protein, erythrocyte
sedimentation rate, ferritin, procalcitonin, D-dimer, LDH,
PT/PTT, fibrinogen, BNP, troponin, CK-MB, renal panel, liver
function test, triglycerides

Urinalysis, urine culture, blood culture

CxR

EKG on admission and qd48h

Echo—on the indication, note “concern for Kawasaki
Disease”

Consider after specialist consultation: ANA, C3, C4, cytokine

panel

Special Considerations in the Work-Up

Call a Stroke Alert as usual for patients who meet criteria.
The 2" Floor iiRI will be used for suspected COVID-19
patients.
For patients presenting with a rash:

0 Add pictures to the patient’s chart in EPIC

O HsV and VZV PCR of erosion, blister, or varicella-like

lesions

Obtain before giving IVIG or FFP:

O Quantitative Immunoglobulins, Fibrinogen
Consider obtaining before giving IVIG or FFP:

O COVID ELISA serology testing

O Double stranded DNA, Smith Antibody, lupus anti-

coagulant panel

O viral serologies



AMERICAN COLLEGE

of RHEUMATOLOGY
Empﬂumﬂg R.ﬁrumm&rﬂ Hﬂ_ﬁmiﬂuir

Does the child have ALL of the following?
1) Fewer =38°C
7} Epidemiclogic Enkte SARS-CoV.-2°
3) A% lamst 2 suggestive clinical fastures®
- Raszh
«  Gastraintesinal symploms
+ Edema of hands/feat
= Oral mucosal changes
= Conunctratis
+  Lymphadenopathy
*  Meumlpgic symptoms

Continue a diagnostic
evaluathon as per standard of
care and monitor for MIS-C

Have other causes that could
explain the presentation been
considared in the evaluation?

Consider child under
investigation for MIS.C.

Empowering rheumatology professionals to excel in their specialty

2200 Lake Boulevard NE, Atlanta, GA 30319
Phone: (404) 633-3777 - Fax (404) 633-1870 - www.rheumatology.org

i e Start tiered diagnostic
etiology? evaluation for MIS.C,
Yas

k4

Sand Tier 1 Scraaning
Evaluation:

CBC, CMP? ESR, CRP, &
SARS-CoV-2 PCR andfor

serclogEs

|

Complete full diagnostic
evaluation [Tier 1 & 2)
fioor MIIS-C.

D thie results show ALL of the following?
1) CRP 25 mgfdL or ESH =40 mm'hr
2) Al l=ast 1 suggestrve |aboratony fealue

Teatures, particularly if there
is an epidemiologic link to
SARS CoV-2.
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Mo + AL =1,0000L
+  Plaielat count <150 000/l
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= Meutraphiha
+  Hypoalbuminamia

l_ Yes

Send Tier 2Complete
Evaluation:

BMP, traponin T, procabsibonin®,
feriten, PT, PTT, D-dirner
Ebrincgen, LDH, wa, cytoking
paned®, tnghycendas, SARS-Col-2
seqology®, EKG, echocardiogram
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_ First phase

More
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Classic Presentation

e Clinical picture e Elevated BNP

e Labs: e Elevated troponin
* Lymphocytopenia
* Anemia
e Thrombocytopenia
e Elevated CRP
e +/- ESR
e Elevated D-dimer
e Elevated ferritin
e Elevated fibrinogen
* Elevated procalcitonin
e Elevated IL-6

e Echocardiogram
e LV dysfunction
e Decreased Ejection fraction
e Abnormal coronaries

* EKG

. o A
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Cardiovascular

work up

CookChil
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ms Echocardiogram

e Predictor of disease severity

e Function: Left ventricular
function, ejection fraction (EF)

e Coronary arteries




How do you distinguish KD from MIS-C?
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Differential Diagnosis

* Phenotypic overlap with MIS-C andKD

e 40-50 % patients meets criteria for complete/incomplete KD

e MIS-C older children and adolescents vs younger children

e MIS-C affect mostly black and Hispanic versus Asian

e MIS-C with Gl symptoms >> than in KD

e MIS-C with more myocardial dysfunction and shock presentation
e MIS-C with higher inflammatory markers (CRP, Ferritin, D-Dimer)
e MIS-C: >> LV dysfunction, >>cardiac markers

e KD: >> coronary changes, Less Gl sx

e COVID 19 exposure

VW W N
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Previously reported possible coronavirus-
Kawasaki disease association

Table 1. Clinical and laboratory features of children with Kawasaki disease.

Erythema
Erythema or edema
Age (month/year Interval,” Bilateral of the mouth Polymorphous of the hands No. of Echocardiographic HCoV-NH
Case subject’ (sex) of diagnosis), months  days  conjunctivitis or pharynx rash or feet Lymphadenopathy® criteria® result® by PCR
17 (M) 6 (2/02) 4 + + + % - 4 CA-D +
2 (M) 8 (1/04) 6 + - + - + 3 CAD +
3 (M) 12 (4/03) 5 + + + + - 4 Normal +
4 (M) 15 (1/04) 4 + + + - - 3 CA-D +
5 (F) 21 (3/04) 5 + + + = + 4 Normal +
6 (F) 27 (2/04) 10 + + + + - 4 Normal +
7 (M) 60 (4/04) 5 + + + - + 4 Normal® +
8 (M) 67 (3/04) g + + + - - 3 CA-abnl +
9 (M) 2 (11/02) 5 - + + - + 3 CA-abnl -
10 (M) 15 (1/03) 13 - + + - 3 Normal -
11 (M) 34 (12/02) 7 + + - + 4 Normal -
Note. —, negative; +, positive; CA-abnl, abnormal echogenicity of the coronary arteries without evidence of dilation; CA-D, abnormal echogenicity of the coronary arteries with evidence of dilation; F

female; HCoV-NH, New Haven coronavirus; M, male; PCR, polymerase chain reaction.
@ All case subjects had fever for >5 days.
® Between onset of fever and the date the specimen was collected.
€ Cervical lymph node enlargement with at least 1 node >1.5 cm.
9 No. of diagnostic criteria met (in addition to fever).
® Echocardiograms were obtained at the time of diagnosis of Kawasaki disease.
" First case identified.
9 Subsequent echocardiogram revealed dilation of the origin of the left coronary artery.

VW W N
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Other DDx?
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Other DDx

e Toxic shock syndrome
* Sepsis

e Appendicitis

e Other viral illnesses

e HLH

e SLE

 Vasculitis

CookChil
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Treatment

1. IVIG or not?
e 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

VW W N
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Cook Children’s Medical Center Guidelines

|Ir1itia| Inpatient Consults

& |Infectious Disease, Rheumatology, Hematology

* Consult Cardiology if any abnormality noted on echo or initial cardiac labs

= Consult Oncology for suspected HLH

Management Guidelines

MANAGEMENT BY CLINICAL SEVERITY

Therapeutic Category # Mild Moderate Severe

IVIG Consider Yes Yes

Remdesivir

Consider for positive Cowvid-19
PCR

Consider for positive Covid-19 PCR

Consider for positive
Cowid-19 PCR

Immunomodulation

Consider

Anakinra + solumedrol

Anakinra + solumedrol

Gl prophylaxis

Indicated when receiving solumedrol

Anticoagulation Recommendations per Hematoloagy

Broad-spectrum antibiotics see Other Management Considerations @ for specific guidance

PATIENTS WITH GI SYMPTOMS: These patients have a higher risk of bowel perforation with pulse steroids. Consider risk/benefit of therapy in

these patients.

VW W N
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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

e Off label use for MIS-C during this pandemic
* Less side effects that anti IL-6

 Reduces mortality in sepsis patients

e Relatively safe

VW W N
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Classification of Clinical Severity

* Mild
* No vasoactive requirement, minimal or no respiratory support, minimal organ
injury
 Moderate
e 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.

VW W N
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Management

 [f hemodynamically unstable?
e Aggressive approach
e Antibiotics, IVF,
* Treat as MIS-c

VW W N
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Isolation

* SARS CoV2 PCR
* |f positive, COVID19 isolation and admission to COVID19 unit

* |f negative on admission, will repeat in 24 hours,
* |f negative- No isolation even if positive IGG for COVID19
e Consider family members

VW W N
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Follow up

e Cardiac monitoring
e Symptoms can get worse with no therapy

e Serial labs

e CRP is very helpful
 BNP if elevated

* Follow up echo, if abnormal repeat every 48 hours

* EKG repeat every 48 hours

VW W N
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Discharge and outpatient F/U

e “Most do well” e 2 weeks follow up echo and EKG
e Quick turn around * 6 weeks follow up echo and EKG
e No need to be back to baseline * If arrhythmia- Holter follow up
100% e If cardiac dysfunction: stress echo,
e Afebrile for 24 hours cardiac MRI
e KD signs improving * Echo 1 year after presentation if
cardiac abnormalities in the acute

 Cardiac function improving phase

* If neurology symptoms, in e ASA low dose for at least 6 weeks

resolution ( :
Long consequences remain to be
determined”
VW W N
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Summary

e Different names

e Temporal association with COVID19

 Time and comprehensive evaluation will help to understand pathogenesis
e Clinical findings overlap with KD, TSS, MAS- this is distinct syndrome

e Varied symptoms

e Lab characteristics

e Echo with decreased LV

 Treatment with best practice evolving

e A lot of unknowns.
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