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Abstract  A  new  paediatric  multisystem  inflammatory  syndrome,  linked  to  SARS-CoV-2  (MIS-

Paed), has  been  described.  The  clinical  picture  is variable  and  is associated  with  an  active  or

recent  infection  due  to  SARS-CoV-2.  A  review  of  the  existing  literature  by  a  multidisciplinary

group of  paediatric  specialists  is presented  in this  document.  Later,  they  make  recommendations

on the  stabilisation,  diagnosis,  and  treatment  of  this  syndrome.
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Documento  español  de consenso  sobre  diagnóstico,  estabilización  y tratamiento  del

síndrome  inflamatorio  multisistémico  pediátrico  vinculado  a  SARS-CoV-2  (SIM-PedS)

Resumen  Se  ha  descrito  un  nuevo  síndrome  inflamatorio  multisistémico  pediátrico  vinculado

a SARS-CoV-2  (SIM-PedS).  Este  cuadro  presenta  una expresividad  clínica  variable  y  se  asocia  a

infección activa  o reciente  por  SARS-CoV-2.  En  este  documento  se  revisa  la  literatura  existente

por parte  de  un  grupo  multidisciplinar  de  especialistas  pediátricos.  Posteriormente  se  realizan

recomendaciones  sobre  estabilización,  diagnóstico  y  tratamiento  de este  síndrome.

© 2020  Asociación Española de  Pediatŕıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un

art́ıculo Open  Access  bajo  la  licencia  CC BY-NC-ND  (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

It  is  known  infection  by  the  novel  coronavirus  (SARS-CoV-2)
in  the  paediatric  population  is  usually  mild.1,2 In  Spain,  pae-
diatric  patients  aged  less  than  15  years  account  for  0.4%  of
hospital  admissions,  0.7%  of  intensive  care  unit admissions
and  0.15‰ of deaths  to  date.1 However,  since  the beginning
of  May  2020,  a small  number  of  paediatric  patients  have
developed  a  hyperinflammatory  syndrome  with  a variable
presentation.3 This  syndrome  is  characterised  by  clinical
and  laboratory  features  similar  to  those  found  in Kawasaki
disease  (KD),  toxic  shock  syndrome  (TSS)  or  macrophage
activation  syndrome  (MAS).4---7 Official  health  agencies,  such
as  the  Centers  of  Disease  Prevention  and  Control  (CDC)  of
the  United  States,  the  World Health  Organization  or  the
Royal  College  of  Paediatrics  and  Child  Health  (RCPCH)  have
defined  its general  characteristics.5---7

This  novel  syndrome  seems  to  be  associated  with  active
or  recent  infection  by  SARS-CoV-2.  Most  affected  patients
have  positive  IgG antibody  tests  and  elevated  inflamma-
tory  markers,  which  suggests  immune  dysregulation  as
opposed  to a  direct  pathogenic  effect  of  the virus.6,7 In
this  document,  we  will use  the term  paediatric  multisys-
tem  inflammatory  syndrome  ---  temporally  associated  with
SARS-CoV-2  (PIMS-TS)  to  refer  to  this condition,  also  known
widely  as multisystem  inflammatory  syndrome  in  children
(MIS-C).

Definitions  and  differential  diagnosis

The  definition  of  PIMS-TS  differs  slightly  between  these
public  health  agencies  (Table 1).4---6 This  diagnosis  should
be contemplated  in  areas  with  a  current  or  recent  high
incidence  of  cases of  SARS-CoV-2  or  coronavirus  disease
2019  (COVID-19).8 It has  significant  overlap  with  the differ-
ent  clinical  forms  of  KD (complete  KD,  incomplete  KD,  KD
shock  syndrome  [KDSS]).  Therefore,  some  experts  recom-
mend  considering  PIMS-TS  in patients  meeting  the  diagnostic
criteria  for  any  of  the  forms  of  KD.9

The  following  features  are particularly  relevant  for
suspicion  of PIMS-TS:  diagnostic  criteria  for  complete  or
incomplete  KD  at  any  age,  presence  of  gastrointestinal  man-
ifestations  (vomiting,  nausea,  abdominal  pain,  diarrhoea),
elevation  of  acute  phase  reactants,  shock, hypotension,

myocardial  dysfunction,  lymphopenia,  anaemia  and throm-
bocytopenia  (Table  2).10

The  differential  diagnosis  should  always  include  the  fol-
lowing:

-  Bacterial  sepsis.
-  Other  viral  infections  (adenovirus,  enterovirus,  measles  in

unvaccinated  individuals).
-  Acute  abdomen.
-  Streptococcal  or  staphylococcal  TSS.
-  Myocarditis  caused  by  other  microorganisms.
-  KD  unrelated  to SARS-CoV-2.
-  Drug  hypersensitivity  reaction  (Stevens-Johnson  syn-

drome).
-  Other  systemic  rheumatic  disorders  (systemic  onset juve-

nile  idiopathic  arthritis  and  other  autoinflammatory  or
autoimmune  diseases).

-  Primary  or  secondary  haemophagocytic  lymphohistiocyto-
sis  (HLH).

Initial  stabilization  and  care

Initial  care and stabilization  will  follow  the  ABCDE  approach.
The  airway  is  usually  patent,  unless  the  patient  presents
with  altered  level of  consciousness.  Administer  supplemen-
tal  oxygen as  needed.  Monitor  the  oxygen  saturation  (SatO2),
along  with  the expired  carbon  dioxide  (EtCO2) when  pos-
sible.  Prepare  the  equipment  and  drugs needed  for  rapid
sequence  intubation.

Monitor  the  respiratory  rate  (RR).  Tachypnoea  without
breathing  difficulty  is  a possible  feature  in these  patients
(as  compensation  of  the metabolic  acidosis  associated  with
shock).  Rule  out lung  infection  or  cardiogenic  pulmonary
oedema.  Measure  and document  the blood  pressure  (BP),
heart  rate  (HR)  and  peripheral  perfusion  (capillary  refill
time,  skin  temperature  and  colour,  perfusion  index).  Estab-
lish  peripheral  vascular  access  (ideally,  2 lines).  In  case  it
cannot  be  establish,  consider  a  peripheral  catheter  (ide-
ally,  2).  If this  fails,  consider  placement  of  an intraosseous
catheter.  Fig.  1  presents  the recommended  algorithm  for
management  of  haemodynamic  support.  The  level  of  con-
sciousness,  pupillary  reflex,  glycaemia  and  severity  of  pain
must  be assessed  in  every  patient.  It is  also  necessary  to
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Haemodynamic support algorithm

Fluid resuscitation

Fluid-refractory shock

Catecholamine-resistant shock

Adequate protection against infection by SARS-CoV-2 (PPE)

Fluid resuscitation with 10-20 mL/kg (maximum 40 mL/kg) until target reached

Discontinue in case of clinical worsening or signs of fluid overload

Consider early echocardiographic assessment

Clinical goals: attain normal MAP (55 + 1.5 x age in years), HR, perfusion, level of

consciousness, diuresis + BE and lactate

Administer empiric antibiotherapy until sepsis is ruled out

A, B, C, D, E assessment

Identify shock/ perfusion changes/altered level of consciousness/PIMS-TS symptoms

Conventional oxygen with surgical mask if possible/non-rebreather bag mask/HFOT/establish

IV /intraosseous (IO) access 

Epinephrin at 0.05-0.3 µg/kg/min IV/IO

If signs of warm shock, administer

norepinephrine > 0.05 µg/kg/min

Consider intubation Consider

central venous catheter placement

Intubation, establishment of central arterial and venous access, if not done before

Advanced monitoring: cardiac index (CI) and resistance index (SVRI)

Consider corticosteroidsObjectives:

Clinical1.

2.

3. CI = 3.3-6 L/min/m and SVRI = 80 x (MAP – CVP)/CI = 800 – 1600

dyn • s/cm5/m2

MAP – CVP normal for age, SvCO2 > 70%

Normal BP cold shock

Despite epinephrine Myocardial

dysfunction/SvCO2 < 70%

with Hb > 10 g/dL
1. Add milrinone

2. If not responding, consider

levosimendan
3. If CI < 3.3 with high systemic

resistance: add nitroprusside

Low BP cold shock 

Despite epinephrine

SvCO2 < 70% with Hb > 10 g/dL

1. Add norepinephrine to attain

normal diastolic BP
2. If CI < 3.3/myocardial dysfunction:

add dobutamine, enoximone,

levosimendan or milrinone

Low BP warm shock 

SvCO2 < 70% despite optimizing

volume status and noradrenaline

1. Add vasopressin/terlipressin

2. If CI < 3.3/myocardial dysfunction,

add epinephrine, dobutamine,

milrinone or levosimendan

Refractory shock

Consider ECMO

Fig.  1  Algorithm  for  haemodynamic  support  in  patients  with  PIMS-TS.  BE,  base  excess;  CI, cardiac  index;  CVP,  central  venous

pressure; ECMO,  extracorporeal  membrane  oxygenation;  HFOT,  high-flow  oxygen  therapy;  HR,  heart  rate;  IV,  intravenous;  MAP,

mean arterial  pressure;  PPE,  personal  protective  equipment;  RR,  respiratory  rate;  SBP,  systolic  blood  pressure;  SvCO2,  central

venous oxygen  saturation;  SVRI,  systemic  vascular  resistance  index.

Adapted  from  the  American  College  of  Critical  Care Medicine  Clinical  Practice  Parameters  for  Hemodynamic  Support  of  Pediatric

and Neonatal  Septic  Shock.  Critical  Care  Medicine  2017;45:1062-1093.
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Table  1  Case  definition  of  PIMS-TS  of  the  World  Health  Organization  (WHO),  Centres  for  Disease  Control  and  Prevention  (CDC)

and Royal  College  of  Paediatrics  and  Child  Health  (RCPCH).

WHO  Patient  aged  ≤ 19  years  with  fever  ≥  3  days

AND  at  least  2 of  the  following  criteria:

Rash,  bilateral  nonpurulent  conjunctivitis,  or  mucocutaneous  inflammation  signs  (oral, hands,  or  feet)

Hypotension or shock

Cardiac  dysfunction,  pericarditis,  valvulitis,  or  coronary  abnormalities  (including  echocardiographic

findings or  elevated  troponin/BNP)

Evidence  of  coagulopathy  (prolonged  PT  or  PTT;  elevated  D-dimer)

Acute gastrointestinal  symptoms  (diarrhoea,  vomiting,  or  abdominal  pain)

AND  elevated  markers  of  inflammation  (eg,  ESR,  CRP,  or  procalcitonin)

AND  no  other  obvious  microbial  cause  of  inflammation,  including  bacterial  sepsis  and

staphylococcal/streptococcal  toxic  shock  syndromes

AND  Evidence  of SARS-CoV-2  infection  (positive  SARS-CoV-2  RT-PCR,  serology,  antigen  test)  or  contact  with

an individual  with  COVID-19

CDC  Patient  aged  < 21  with  fever  >  24  h

AND  evidence  of  severe  disease  requiring  hospital  admission  with  involvement  of  more  than  2  organs  or

systems (cardiovascular,  respiratory,  haematologic,  gastrointestinal,  dermatologic  or  neurologic)

laboratory evidence  of  inflammation  (elevated  CPR,  ESR,  fibrinogen,  PCT,  D-dimer,  ferritin,  LDH  or  IL-6,

neutrophilia,  lymphopenia  or  hypoalbuminaemia)

AND  lack  of  alternative  plausible  diagnosis

AND  evidence  of  recent  or current  SARS-CoV-2  infection  or  exposure  (positive  SARS-CoV-2  RT-PCR,  serology,

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

RCPCH, UK  Persistent  fever

AND  signs  of inflammation  (neutrophilia,  elevated  CRP  and  lymphopenia)

AND  evidence  of  single  or  multiple  organ  dysfunction  (shock,  cardiac,  respiratory,  renal,  gastrointestinal  or

neurologic  disorders),  with  additional  features  (see  table  in the  case  definition).  It  may  include  children

fulfilling full  or  partial  criteria  for  Kawasaki  disease

Exclusion  of  any  other  microbial  cause,  including  bacterial  sepsis,  staphylococcal  or  streptococcal  shock

syndromes, infections  associated  with  myocarditis  such  as  enterovirus

SARS-CoV-2  PCR  testing  may  be  positive  or  negative

BNP, B-type natriuretic peptide; COVID, coronavirus disease; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL-6, inter-

leukin 6; LDH, lactate dehydrogenase; PCT, procalcitonin; PPT, partial prothrombin time; PT, prothrombin time; RT-PCR, reverse

transcription-polymerase chain reaction.

Table  2  Most  frequent  clinical  manifestations  and laboratory  findings.

Clinical  manifestations

Fever  (in  nearly  100%  of  cases);  fever  >  3 days  (a  shorter  duration  does  not  rule out  PIMS-TS)

Gastrointestinal  symptoms  (> 50%):  abdominal  pain,  vomiting,  diarrhoea

Rash  (scarlatiniform  rash,  erythroderma,  erythema  multiforme,  livedo  reticularis),  non-exudative  conjunctivitis,

mucosal  abnormalities,  peripheral  abnormalities  (>2/3  patients)

Shock, tachycardia,  hypotension,  hypoperfusion  (approximately  half  of  patients)

Headache,  meningism,  confusion  (10−20%)

Respiratory  symptoms:  cough,  dyspnoea  (30-60%)

Laboratory  findings

Complete  blood  count:  leucocytosis  with  lymphopenia,  neutrophilia  and  thrombocytopenia

Inflammatory  markers:  elevation  of  CRP,  ESR,  ferritin,  fibrinogen,  LDH,  IL-6.  Normal  or  elevated  PCT  normal  (in  absence

of bacterial  infection)

Coagulation:  fibrinogen,  D-dimer  elevation

Blood  chemistry:  hyponatremia,  hypoalbuminemia,  transaminase  elevation  (ALT,  AST)

Cardiac markers:  high  elevation  of  NT-proBNP  (> 200  ng/L),  elevation  of  cardiac  enzymes  (troponin-I,  CK-MB)

ALT, alanine aminotransferase; AST, aspartate transaminase; CK-MB: creatine kinase myocardial band; CPR, C-reactive protein; ESR,

erythrocyte sedimentation rate; IL-6, interleukin 6; LDH, lactate dehydrogenase; NT-proBNP, N-terminal pro-B-type natriuretic peptide;

PCT, procalcitonin; PPT, partial prothrombin time; PT, prothrombin time.

116.e4
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Table  3  Recommended  diagnostic  tests  and  most  frequent  abnormalities.

Test  Abnormalities

Complete  blood  count  Leucocytosis  (usually  < 20  000/mm3) with  lymphopenia

Anaemia  variable

Mild  thrombocytopenia  (normally  > 50  000/mm3)

Electrolyte  panel  Hyponatraemia

Liver  panel  and  albumin  Transaminase  elevation

Hypoalbuminemia

Cardiac  markersa Elevation  of  pro-BNP  (>  35  pg/mL)  or  NT-proBNP  (> 125 pg/mL)  and  ultrasensitive

troponin  (> 14  ng/L)

Blood gases Metabolic/respiratory  acidosis,  depending  on  clinical  condition

Inflammatory  markersa Elevated  CPR  (> 20  mg/L),  PCT  (> 0.5  �g/mL),  IL-6  (> 8.5  pg/mL)  and ferritin  (>

120 mg/dL)

Coagulation  study  Increased  fibrinogen  (> 400  mg/dL)

Significant  D-dimer  elevation  D (>  500  ng/mL)

Abnormal  PT/PPT

Blood culture  Usually  negative

Other Coinfections

[0,1---2]  Urine  culture

[0,1---2]  PCR  respiratory  panel  in nasal  aspirate  sample

[0,1---2] Stool  culture/PCR  for  detection  of  pathogens  in  stool

CPR, C-reactive protein; IL-6,  interleukin 6; PCT, procalcitonin; PPT, partial prothrombin time; PT, prothrombin time.
a Suggested values, consider the  reference values used at  the hospital.

assess for  the  presence  of exanthema  and  petechiae  and
measure  the temperature.11

Any  patient  with  suspected  PIMS-TS  should  be trans-
ferred  to  a  hospital  allowing  multidisciplinary  management.
In  severe  cases,  transfer  to  a hospital  with  a  paediatric
intensive  care  unit  (PICU)  is  recommended.4---6,12

Diagnostic  tests unrelated  to SARS-CoV-2

Alternative  infectious  agents  that  could  be  causing  the  dis-
ease  must  be  ruled  out.  Table  3 details  the recommended
diagnostic  tests  and the most  frequent  abnormalities  found
in  patients  with  suspected  PIMS-TS.10---13 Patients  with
shock  may  present  with  lymphopenia,  anaemia  and  throm-
bocytopenia  and  increased  levels  of  ferritin,  LDH  and
D-dimer  D  (DD).10 Patients  with  coronary  aneurysms  may
present  with even  lower  white  blood  cell and lympho-
cyte  counts  associated  with  elevation  of C-reactive  protein
(CPR).10---13,14

Compared  to  KD or  TSS,  PIMS-TS  usually  presents  with
a  greater  elevation  of  inflammatory  markers.10 Specifi-
cally,  compared  to  complete  KD,  PIMS-TS  is associated  with
higher  levels  of  CRP,  ferritin,  inflammatory  cytokines  and
N-terminal  pro b-type  natriuretic  peptide  (NT-proBNP)  and
a  higher  frequency  of lymphopenia  and  thrombocytopenia,
with  no  differences  in DD  levels.14---17

Another  frequent  feature  is  an increased  neutrophil-
lymphocyte  ratio.  There  is  a decrease  in the CD4+,  CD8+  and
natural  killer  (NK)  T  cell  counts.  This  phenomenon  could  be
associated  with  the  infiltration  of  the extracellular  space  by
these  innate  immune  system  lymphocytes.18 When  it comes
to  the  cytokines,  PIMS-TS  manifests  with  elevation  of  inter-
leukin  (IL)-1  in its  soluble  form  (IL-1�) and IL-6.19---21

Diagnostic  tests  related  to SARS-CoV-2

Most  patients  with  PIMS-TS  have positive  results  in one or
more  diagnostic  tests  for detection  of  acute  or  past  infec-
tion  by  SARS-CoV-2.  In  every patient  with  suspected  PIMS-TS,
at  least  1  respiratory  sample  should  be  obtained  to perform
a  reverse-transcriptase  polymerase  chain  reaction  (RT-PCR)
test. It is  widely  accepted  that the samples  that  offer  the
highest  sensitivity  for detection  of  SARS-CoV-2  infection  are
bronchoalveolar  lavage  or  endotracheal  aspirate  samples.
Nasal  swab,  throat swab or  nasal  wash  samples  are  also
acceptable.22,23 If the RT-PCR  test is  negative  and  the  clini-
cal  suspicion  is  high,  we  recommend  repetition  of the test  in
the  next  24---48  hours.  In  case  of  clinical  worsening  requiring
invasive  mechanical  ventilation,  we  recommend  collection
of  an endotracheal  aspirate  sample.22

We  also  recommend  serologic  testing  of all  patients,
independently  of  RT-PCR  test  performance  or  results.  The
yield  of  serology  is  greater  after a minimum  of  10  days  from
the  onset  of  symptoms.  In  patients  with  negative  results  of
both  RT-PCR  and  serology  with  a high  clinical  suspicion,  we
recommend  repetition  of  serologic  testing  3---4  weeks  after
admission.  Previous  studies  have  reported  that  26  to  55%
of  patients  with  PIMS-TS  have  positive  RT-PCR  tests  and  up
to  90%  have  positive  for IgG  antibody  tests.10---17 Antibodies
can  be  detected  from  10  to  15  days  after  infection,  and
cumulative  seroconversion  peaks  at about 16---21 days.22,23

Imaging  tests

Performance  of plain  chest  radiograph  or  a  lung  ultrasound
scan  is  indicated  in patients  with  respiratory  symptoms  or
to  assess  placement  of  indwelling  devices  (endotracheal
tube  or  central  lines).24 The  chest  radiograph  can  detect
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HOSPITAL MANAGEMENT OF PATIENTS WITH PIMS-TS
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Fig.  2 Hospital  management  and  treatment  of  PIMS-TS.

abnormalities  in  a  high  percentage  of cases.8---25 Some  of
the  radiographic  features  reported  in the literature  included
pulmonary  infiltration,  patchy  consolidation,  ground  glass
opacities  or  interstitial  changes,  atelectasis  and  pleural
effusion.  The  lung  ultrasound  scan  can  detect  patterns
compatible  with  pneumonia  or  a buildup  of  fluid in the
lungs.  Routine  performance  of  a  thoracic  computed  tomog-
raphy  (CT)  scan  is  not  recommended,  except  in patients  with
complicated  pneumonia,  significant  worsening  or  who  are
immunocompromised.

An  abdominal  ultrasound  or  CT  scan  is  indicated  in
patients  with  manifestations  suggestive  of acute  abdomen
to  detect  potential  complications  and assess  the need  of
surgery.  Ileocolitis  has  been  described  in  some patients  with
PIMS-TS.

Cardiac  function  tests

We  recommend  performance  of  an echocardiographic  study
in all  patients  with  PIMS-TS.  Echocardiographic  abnormal-
ities  are  not  usually  found  in patients  with  mild  forms.
The  abnormalities  described  in patients  with  more  severe
disease  include  left  ventricular  systolic  dysfunction,  right
ventricular  dysfunction,  mitral  valve  insufficiency,  peri-
cardial  effusion  and coronary  artery  (CA)  dilatations  or
aneurysms.13 The  assessment  of  the  CAs  includes  calculation
of  CA  size  z-scores  and  classification  based  on  the  National
Consensus  Document  on  Kawasaki  Disease.26 A high  propor-
tion  of  patients  exhibit  elevation  of  troponin  I or  T  (55-68%)
and  BNP/NT-proBNP  (83-100%),  with  significantly  higher  val-
ues  compared  to  patients  with  shock.3,10---19

The  electrocardiographic  features  are generally  non-
specific.  Patients  with  PIMS-TS  may  exhibit  abnormalities
suggestive  of  myocardial  involvement,  such  as  low voltage,
ST  segment  abnormalities  and prolongation  of  the  T  wave  or
the  QT  interval.  Different  degrees  of  atrioventricular  block
and  supraventricular  and  ventricular  arrhythmias  have  also

been  reported.9---13 Cardiovascular  magnetic  resonance  imag-
ing  (MRI)  is  not  indicated  during  the acute  phase  of  disease.
Performance  of MRI  should  be contemplated  based  on the
suspicion  of  cardiac involvement,  patient  safety  during  the
test  and availability  of  MRI in the  hospital.

Hospital  admission  and care

All patients  with  suspected  PIMS-TS  should  be  admitted  to
the  ward  for  observation  and  treatment,  if applicable.  All
efforts  must  be made  to  keep  the  staff  that  enters  in  contact
with  the  patient  to  the  minimum  necessary.  The  staff  in
contact  with  a patient  with  PIMS-TS  must  wear,  at minimum,
a FFP2 mask,  disposable  gowns,  gloves  and eye  protection
until  the patient  has at  least  2  negative  RT-PCR  test  results.
A high  percentage  of  patients  will  have  negative  RT-PCR
results.  This  is  indicative  of a low or  no risk  of transmis-
sion.  In patients  with  potential  active  infection  despite  a
negative  RT-PCR  test,  a second  RT-PCR  test  must  be done.
Fig.  2 summarizes  the  recommendations  on  isolation  mea-
sures,  monitoring  and  treatment.

Critical  patients

If admission  to  PICU  is  necessary,  the patient  should  be
placed  in an isolation  room,  preferably  one  with  negative
pressure.27 If performance  of aerosol-generating  proce-
dures  is  necessary,  the  care  staff  will  wear  FFP3  masks,  a
full-face  powered-air-purifying  respirator,  eye  goggles,  dis-
posable  coveralls  or  caps,  a water-resistant  disposable  gown
or,  if the  gown  is  not water-resistant,  a  water-resistant
apron,  and gloves.  If  intubation  is  required,  use  double
gloves.

The  patient  will  be accompanied  by  one  family  member
or  caregiver  that  will  adhere  to  the isolation  and  hygiene
measures  as  directed  by  staff  and  will  wear,  at  minimum,
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a  surgical  mask,  gown  and  gloves.  If  the RT-PCR  is  nega-
tive,  modification  of  the  required  protective  measures  will
be  considered,  always  maintaining  contact  and droplet  pre-
cautions.

Patients  admitted  to  the PICU  will  be  monitored  per  pro-
tocol  according  to  their  condition  and  disease  severity.  In
severe  cases,  consider  early  establishment  of  central  arte-
rial  and  venous  access.28

Respiratory  support

Respiratory  distress occurs  in 70%  of  cases,  and the need  of
respiratory  support  is  usually  associated  with  cardiovascu-
lar  involvement  or  haemodynamic  instability.24 Administer
supplemental  oxygen  through  nasal  prongs  under  a surgical
mask  to  maintain  the  SatO2 in  the  94  to  98%  range.  If this
is  not  sufficient  due  to the condition  of  the patient  or  the
arterial  blood  gas  values,  consider  high-flow  oxygen  therapy
(HFOT)  or  non-invasive  ventilation  (NIV).  Respiratory  sup-
port must  always  be  provided  while  maintaining  isolation
and  protective  measures.

In  case  of  hypoxaemia  in  absence  of  hypercapnia,  con-
sider  initiation  of  HFOT.

If  HFOT  is  ineffective  or  as  an alternative  option,  initiate
NIV  with  continuous  positive  airway  pressure  (CPAP)  with  an
oronasal  mask,  full-face  mask  or  helmet  (the  latter  provides
the  best  seal).  If the patient  also  has  hypercapnia,  consider
bilevel  positive  airway  pressure  (BIPAP).29

If there  is  no  clear  improvement  in  clinical  parameters
(HR,  RR,  respiratory  distress)  and  oxygenation  (PaO2/FiO2,
SatO2/FiO2)  within  a  few hours,  we  recommend  early
intubation.  Early  intubation  should also  be  considered  in
case  of altered  level of  consciousness  or  fluid-refractory
or  catecholamine-resistant  shock.29 We  recommend  the
following  initial  settings for  respiratory  support:  tidal
volume  of  4 to  8  mL/kg,  identification  of  the optimal
positive  end-expiratory  pressure  to  achieve  adequate  alve-
olar  recruitment,  plateau  pressures  of  less  than  30  cmH2O
and  a  driving  pressure  of  less  than  15  cmH2O.22 If  the
patient  develops  moderate-to-severe  acute  respiratory  dis-
tress,  follow  the recommendations  for  lung  protection  with
permissive  hypercapnia,  use  of the prone  position  and neu-
romuscular  blockade.  Nitric  oxide  is  reserved  for  patients
with  refractory  hypoxaemia,  especially  if it is  associated
with  pulmonary  hypertension.30

Haemodynamic  support

Haemodynamic  instability  is  usually  associated  with  vaso-
plegic  syndrome  or  heart  failure.5,31 Fig. 1  summarises  the
recommendations  for  haemodynamic  support  and  its  goals.11

In  patients  with  heart  failure  administer  epinephrine  and
consider  addition  of  milrinone  or,  in case  of  moderate  to
severe  heart  failure,  levosimendan.

Pharmacotherapy

Immunomodulatory  therapy  will  be  given  with  a stepwise
approach,  starting  with  intravenous  immunoglobulin  (IVIG)

or  corticosteroids  as  first-line  treatment.24---32 In severe  or
refractory  cases,  we  recommend  combining  both.

Immunomodulatory  therapy

Intravenous  immunoglobulin

Intravenous  immunoglobulin  should  be given  at  a  dose  of
2  g/kg,  especially  in patients  meeting  the  criteria  for  KD
or  TSS.12---17 Haemodynamic  instability  can  be  treated  with
1  g/kg/day  for  2  days.  If  the  fever  persists,  consider  admin-
istration  of  a  second  dose  36  h  after  the  first.17---31

Systemic  corticosteroid  therapy

Intravenous  corticosteroid  therapy  is  indicated  both  as  the
first  step  of  treatment  and  in patients  that  do not  respond
to  the initial  dose  of  IVIG.  Early  administration  should  be
considered  in  patients  with  risk  factors  for  development  of
coronary  aneurysms  or  laboratory  results  compatible  with
MAS.20---26

- Mild-moderate  disease:  intravenous  methylprednisolone
at  1−2  mg/kg/day  for 3−5  days  followed  by  discon-
tinuation  of  methylprednisolone.  In  patients  requiring
treatment  for  6  or  more  days  or  with  persistent  symp-
toms  or  elevation  of inflammatory  markers,  step up  to  oral
prednisone  with  tapering  off  over  2---3  weeks.

-  Severe  disease (shock,  especially  in  patients  requir-
ing  high  doses  of  inotropes/vasopressors):  intravenous
methylprednisolone  at 1−2 mg/kg/day  for  3−5  days  or
intravenous  methylprednisolone  at 30 mg/kg/day  for  1---3
days  (maximum  of  1 g).  If  the patient  responds  well,  con-
tinue  treatment  with  oral  prednisone  at 1−2  mg/kg/day
with  tapering  of  the  dose  until  the  inflammatory  markers
normalize.

-  Kawasaki-like  disease:  combine  corticosteroids  and  IVIG
in  patients  at  high  risk  of  IVIG  resistance  (male,  age  <  12
months,  CPR  >  100  mg/L,  platelet  count  < 300  000/mm3,
alanine  aminotransferase  >  100  IU/L,  neutrophil  count  >
80%,  sodium  < 133  mmol/L).9

Interleukin-1  inhibitors

An  IL-1  receptor  antagonist  (anakinra)  has  been  used
successfully  in patients  with  severe  pneumonia  and  hyperin-
flammation  associated  with  SARS-CoV-2  infection,33 MAS  and
KD  refractory  to  IVIG/corticosteroid  therapy.  Thus,  it may  be
beneficial  to  patients  with  PIMS-TS.  It  is  considered  a safe
drug  on  account  of  its  short  half-life,  quick  action  and infre-
quent  association  with  bacterial  superinfections.  Although  it
is distributed  in  syringes  for  subcutaneous  administration,  it
has  been  delivered  intravenously  in  severely  ill  patients.5---10

The  duration  of  treatment  would  be  of  5---14 days  depending
on the clinical  response  (Table 4).

Tumour  necrosis  factor alpha  inhibitors

Infliximab  has  been  proposed  as  an  alternative  treatment  in
patients  with  IVIG-resistant  KD,  but  in clinical  trials,  while  it
achieved  quicker  improvement  of  symptoms  and  laboratory
parameters,  it did  not  improve  long-term  cardiovascular
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Table  4  Dosage,  precautions  and route  of  administration  of  immunomodulator  drugs.

Drug  Dose  Dilution  Adverse  effects  Precautions

Anti-  IL-1  Anakinra  Subcutaneous

2  mg/kg/day  with

progressive  increase  to

8  mg/kg/day  every12  h

(maximum  of  400  mg/day)

Intravenous

2  options:

1)  similar  to  subcutaneous

2)  continuous  infusion

<  20  kg:  single  2 mg/kg

dose,  followed  by

0.02  ml/kg/h

>  20  kg:  single  2 mg/kg

dose,  followed  by

0.01  mL/kg/h

Maximum  dose  400  mg/day

If  intravenous,

dilute  with  PS to

concentration  of

4−36  mg/mL

Local  reaction  at

injection  site,

flu-like  illness,

neutropenia,

headache,  myalgia,

higher  vulnerability

to infection

Local  cooling  at

injection  site.

Monitor  transaminase

levels

Anti-TNF-� Infliximab  5  mg/kg  Dilute  the

reconstituted  dose

in  250 mL  of

normal  saline.

Administer  over  2

h

Anaphylaxis,

infection

Consider

premedication  with

antihistamine  and

corticosteroid  to

prevent  infusion

reaction

Anti- IL-6 Tocilizumab  Single  dose

<  30  kg:  12  mg/kg

>  30  kg:  8  mg/kg

(maximum  of  800  mg)

<  30  kg:  dilute  in

50 mL  of  normal

saline

> 30  kg:  dilute  in

100 mL  of  normal

saline

Administer  over  1

h

Neutropenia,

thrombocytopenia,

hypertransami-

nasaemia,

infections,

intestinal

perforation

Close  monitoring  of

concurrent  infections

(prevent  CPR

elevation)

Do not  use  if  platelets

<  100  000,  neutrophils

< 500  or  AST/ALT  > 3

times  the  baseline

aIf the dose of anakinra is > 100 mg/day, administer every 8-12 h  or as  continuous infusion.
bThe intravenous route is preferred for doses > 100 mg/day or in patients with a platelet count < 20 000, haemorrhagic complications or

severe oedema.

outcomes.10,11 There  are few  data  on  its  use  in patients  with
PIMS-TS  (Table  4).

Interleukin-6  inhibitors

Tocilizumab  is  approved  for treatment  of  CAR  T-cell-
associated  cytokine  release  syndrome  and  several  trials  are
currently  underway  of  its  use  in patients  with  SARS-CoV-2
pneumonia.  It  has been  used  in select  cases  of  PIMS-TS,  but
the  use  of tocilizumab  in patients  with  KD  could  accelerate
the development  of  coronary  aneurysms34,35 (Table  4).

Antiviral  therapy

At the  time  of  this  writing,  there  is  no  evidence  on  the
efficacy  or  safety  of  any  antiviral  used  for  treatment  of
SARS-CoV-2  infection  in  children.  We recommend  against  the
use  of  hydroxychloroquine36,37 or  hydroxychloroquine  com-
bined  with  azitromicin.37,38 While  the role  of  SARS-CoV-2
in the  development  of PIMS-TS  remains  unclear,  treatment
with  remdesivir  should  be  contemplated  in case  of  active
infection,  high  suspicion  of SARS-CoV-2  or severe  disease

(Table  5). Remdesivir  can  be  administered  to  paediatric
patients  in the  context  of  a clinical  trial  or  after  obtaining
authorization  for  expanded  access.39

Antithrombotic  and antiaggregant  therapy

Indications  for low  molecular  weight  heparin

Consider  prophylaxis  with  low molecular  weight  heparin  in
the  following  cases39:

a)  DD  ≥  6 times  the upper  limit  of normal.
b)  Immobilized  patient.
c)  Presence  of  giant  aneurysms.
d)  Severe  left ventricular  dysfunction  (ejection  fraction  <

30%).
e)  Personal  or  family  history  of thromboembolism.
f)  Personal  history  of arterial  ischaemia  (peripheral,  coro-

nary  or  cerebrovascular).

Administer  subcutaneous  enoxaparin  at 1 mg/kg/day  (in
case  of  renal  insufficiency  with  a  glomerular  filtration
rate  < 30 mL/min/m2,  dose  of  0.25  mg/kg/12  h). Measure
anti-factor  Xa  levels  at  48−72  h  (recommended  range,
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Table  5  Dosage  and  adverse  effects  of  antiviral  therapy.

Drug  Indication  Dose  Adverse  effects  Monitoring

Remdesivir

(intra-

venous)

Clinical  trial/

compassion-

ate

use

Weight:  2.5-40  kg

Loading  dose:  5 mg/kg/24  h  (1

bolus)

Maintenance  dose:

2.5  mg/kg/24  h

Weight  ≥ 40  kg

Loading  dose:  200 mg/24  h (1

bolus)

Maintenance  dose:

100  mg/24  h

Hypertransaminasaemia

Altered  renal

function

Transaminases

Renal  function

0.3−0.49).  Continue  until  symptoms  resolve  and DD  levels
have  normalized  based on the reference  values  used  at the
specific  hospital.

In patients  with  thromboembolism  or  suspected  deep
vein  thrombosis,  administer  enoxaparin  at a dose  of  1 mg/kg
every  12 h  delivered  subcutaneously.  When  given  in anti-
coagulant  doses  (0.5---1  anti-Xa),  measure  anti-Xa  at  48  h
(adjust  dose  based  on  reference  value).  Maintain  throughout
the  hospital  stay  and consult  with  haematology  department
prior  to  discharge.

Acetylsalicylic  acid

There  are  2  possible  indications:

-  Anti-inflammatory:  patients  with  PIMS-TS  meeting  the  cri-
teria  for  complete  or  incomplete  KD.  Prescribe  along  with
IVIG. Start  treatment  with  oral acetylsalicylic  acid (ASA)  at
a  dose  of  30−50  mg/kg/day  given  at 6  -h  intervals  until  the
patient  is  afebrile  for  48 h.  At  this  time,  reduce  to  a dose
appropriate  for  antiaggregant  therapy  of  3−5  mg/kg/day,
also  by  the  oral  route.  Maintain  this dose  until  6---8  weeks
from  the  onset  of  symptoms  and  after verifying  normaliza-
tion  of  the  platelet  count,  levels  of acute  phase  reactants
and  echocardiographic  parameters.26

-  Antiaggregant:  in patients  with  PIMS-TS  that  are  severely
ill,  have  aneurysms,  with  clinical  or  laboratory  find-
ings  indicative  of  inflammation  or  thrombocytosis  with  a
platelet  count  greater  than  700  000/mm3, consider  admin-
istration  of  ASA at  an antiaggregant  dose  for  6  weeks
(confirm  normalization  of  echocardiographic  findings  at
the  end  of  this  period).  This  recommendation  is based  on
the  description  of  coronary  abnormalities  in patients  that
do  not  meet  the criteria  for complete  or  incomplete  KD.10

Rescue  therapy  with  ECMO

Patients  with  PIMS-TS  may  be  eligible  for  extracorporeal
membrane  oxygenation  if  they  fail  to respond  to  maximal
conventional  therapies,  their  condition  is  deemed  reversible
and  they  have  no  absolute  contraindications  for  ECMO.40

These  patients  must  be  referred  before  their  condition
precludes  conventional  transport.  When  the  latter  occurs,
consider  transport  under ECMO  with  cannulation  at  the
referring  hospital  performed  by  qualified  staff.

Discharge and  followup

Assess  the  potential  risk  of  transmission  of  SARS-CoV-2  in
the  household.  Patients  with  a negative  RT-PCR  test and a
positive  IgG test  are  not  considered  infectious.  Also,  posi-
tive  detection  of  IgG antibodies  combined  with  a positive
RT-PCR  test  or  seroconversion  after  negative  PCR  results  is
currently  interpreted  as  detection  of  dead  viral  remnants
that  are  not infectious.  We  recommend  followup  by  a  multi-
disciplinary  team  at the outpatient  level,  with  involvement
of  the primary  care  paediatrician  (Fig.  2).
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