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Plan,du,cours,

• Maladie(de(Kawasaki(

• Endocardite(infec4euse(

• Myocardite(



Maladie(de(Kawasaki(



Kawasaki – Les points clés 

•  Maladie(décrite(en(1967(–(seulement(50(ans(de(recul(!(
•  Vascularite, systémique, qui( touche( essen4ellement( les,

artères, de,moyen, calibre, avec( un( tropisme( élec4f( pour( les,
artères,coronaires,(gravité(de(la(maladie)((

•  Les(complica4ons(coronaires(surviennent(dans(15,à,25,%,des(
cas(chez(les(enfants(non(traités(

•  L'administra4on( précoce( d'immunoglobulines( humaines( par(
voie( intraveineuse( a( transformé( le( pronos4c( en, diminuant,
par,5,le(risque(d'anévrisme(coronaire(

•  Risque, de, mortalité, 0,015, %, (Japon),( surtout( entre( le(
15N45eme( jour( (thrombocytose( concomiQante( avec( la(
vascularite)(



Epidémiologie(
•  Première,cause,de,cardiopathie,acquise,de,l'enfant,dans,les,

pays,développés,
(
•  Tous,les,âges,pédiatriques,(80,%,des,cas,avant,5,ans)(
•  Les(pa4ents(de(moins,de,1,an,ou(de,plus,de,8,ans,sont(rares(

mais(ont(un(risque(plus(élevé(d'anévrisme(coronaire(

•  Formes,de,l'adulte:,première(fois(décrite(en(1977(
•  symptômes(majeurs(décrits(iden4ques(
(
•  Kawasaki,aOeint,chaque,année:,

–  265/100.00(enfants(<(5(ans(au(Japon(
–  extrapola4on(française:(600(nouveaux(cas(par(an(en(
France(

Newburger JACC 2016 



La,fièvre,de,plus,de,5,jours,et,au,moins,4,critères,suivants,
(
N (La(conjoncTvite(bulbaire(non(purulente(

N (L’aOeinte,muqueuse(:(la(pharyngite,(la(chéilite,(la(langue(framboisée,(la(stoma4te(

N (L'exanthème,polymorphe,du,tronc,

N (L'aOeinte,des,extrémités(:(un(érythème(des(paumes(des(mains(et/ou(des(plantes(
des(pieds,(l'œdème(palmoNplantaire,(la(desquama4on(palmoNplantaire(secondaire((

N (L'aOeinte,unilatérale,des,ganglions,cervicaux,(de(plus(de((
(1.5(cm(de(diamètre((
(

CaractérisTques,cliniques:,critères,majeurs,

Critères majeurs définis par l'American Heart Association Committee On Rheumatic Fever, Endocarditis, and Kawasaki Disease  





Faciès(typique(d’un(enfant(avec((
une(maladie(de(Kawasaki(



AQeinte(muqueuse(et(desquama4on(palmoNplantaire(



Formes(rares:(forme(psoriasiforme/(BCGite(



AQeinte(cardiovasculaire(

•  Pas,d’aOeinte,coronaire,dans,75%,des,cas,!,

•  Anomalie,ECG,ou,échocardiographique:,
–  DilataTon,des,artères,coronaires,(20%),
–  Anévrismes(coronaires(
–  Infarctus(
–  Myocardite(avec(possible(insuffisance(ventriculaire(gauche(
sévère(

–  Péricardite,(épanchement(péricardique(
–  Fuites(valvulaires(par(inflamma4on(des(valves(cardiaques(et(
par4culièrement(la(valve(mitrale((1(%)(

–  Troubles(conduc4fs(et(troubles(du(rythme(par(inflamma4on(
du(4ssu(de(conduc4on(



Les(anévrismes(coronaires(
(•  Entre,le,10ème,et,le,25ème,jour,d'évoluTon,

•  5(%(lorsque(le(traitement(est(fait(précocement((
(=(<(10(jours(du(début(des(symptômes(

•  Souvent(mul4ples(et(siègent(habituellement(dans(la(par4e(proximale(
des(artères(coronaires(

•  PronosTc,cardiaque,dépend,essenTellement,de,leur,taille.,,
•  Nouveauté(2016:(plus(la(taille(en(mm(mais(le(Z(score(!(

(
Selon(les(guideslines(américaines:(
Dilata4on(coronaire ( (Z,score,>,2,<,2,5,
Pe4t(anévrysme(coronaire( (Z,score,>,2,5,<5,
Anévrysme(coronaire(moyen (Z,score,5a10,
Anévrysme(géant( ( (Z,score,>,10,ou,>,8,mm,
(

Newburger JACC 2016 



Formes(atypiques(
Tableau,clinique,dominé,par,un,symptôme,inhabituel:(
(
«(convulsions,(œdème(pulmonaire,(diarrhée(sanglante,(ascite,(
obstruc4on(des(voies(aériennes(supérieures,(épiglonte,(
adénopathies(cervicales(compressives(ou(hémolyse(et(
défaillance(mul4Nviscérale,(syndrome(néphro4que,(
hyponatrémie….(»(
(
Formes,de,l'adulte,
•  ((Troubles(diges4fs,(aQeinte(hépa4que,(signes(

(ar4culaires(et(encéphalites(sont(plus(fréquent(



,

Pa4ents(ayant(eu(une(fièvre(depuis(au,moins,5,jours,et((
au(moins,deux,critères,cliniques,de,Kawasaki,(sans(cause(évidente,((
et(des(critères(biologiques(en(faveur(d'une(inflamma4on(systémique(
(
•  Différent,de,la,«,forme,atypique,»,
,
•  Manque(un(ou(plusieurs,des,cinq,critères,diagnos4ques(majeurs(
(,
•  Plus,fréquentes,chez,les,enfants,les,plus,jeunes,,à,risque,,
,,,,,d'anomalies,coronaires(

((

Les(formes(incomplètes(

Newburger JW et al., Circulation. 2004 

Diagramme(décisionnel(proposé(par(l'American(Academy((
of(Paediatrics(pour(aider(à(la(prescrip4on(d’IgG(dans(les(formes(
incomplètes((



Critères,cliniques,et,biologiques,supplémentaires,

D’après Newburger JW et al., Circulation. 2004 

Albumine(<(ou(égal(3g/dl(
Anémie(pour(l’âge(
PlaqueQes(≥(à(450(000/(mm³(à(J7(
Globules(blancs(≥(à(15(000(/(mm³((
ECBU(≥(à(10(globules(blancs/(champ(

Cardiovasculaires,:(dilata4on(des(artères(coronaires,(anévrismes(coronaires,(
infarctus,(myocardite(avec(possible(insuffisance(cardiaque(conges4ve,(péricardite,(
épanchement(péricardique,(fuites(valvulaires,(troubles(conduc4fs(et(troubles(du(
rythme,(anévrismes(des(vaisseaux(du(cou,(des(artères(rénales,(spléniques,(
hépa4ques,(pancréa4ques,(génitales,(gangrènes(distales(et(pseudoNRaynaud(
(

DigesTfs,:,diarrhées,(vomissements,(douleurs(abdominales,(hydrocholécyste,(
dysfonc4on(hépa4que(
(

Respiratoires(:(toux(et(rhinorrhée((
(

Neuroaméningés(:(troubles(de(la(conscience(avec(irritabilité,(apathie,(état(grognon,(
hypoacousie(
(

ArTculaires,:(arthrite,(arthralgies(
Autres,:(uvéite,(érythème(au(niveau(de(la(cicatrice(de(BCG,(desquama4on(de(l’aine(
(



19-1800 ! Maladie de Kawasaki

Critères cliniques majeurs associés à une fièvre de plus de 5 jours et une irritabilité quasi constante d’apparition brutale

Conjonctivite bilatérale bulbaire non purulente
Atteinte muqueuse : pharyngite, chéilite, langue framboisée, stomatite

Exanthème polymorphe
Atteinte des extrémités : érythème des paumes des mains et/ou des plantes des pieds, œdème palmoplantaire, desquamation palmoplantaire

secondaire en « doigt de gant »
Atteinte unilatérale des ganglions cervicaux, de plus de 1,5 cm de diamètre, ferme

Critères cliniques supplémentaires

Cardiovasculaires : myocardite, péricardite, état de choc,
fuites valvulaires, anomalie coronaire, anévrismes extra-
cardiaques de taille moyenne (vaisseaux du cou, artères

rénales, spléniques, hépatiques, pancréatiques, génitales),
gangrène, dilatation du culot aortique

Digestifs et urinaires : diarrhées, vomissements, douleurs
abdominales, hydrocholécyste, dysfonction hépatique,

ictère, pancréatite, urétrite/méatite, hydrocèle
Respiratoires : toux, infiltrat péribronchique et interstitiel,

nodules pulmonaires
Neuroméningés : troubles de la conscience avec irritabilité

extrême, méningite aseptique, paralysie faciale, hypoacousie
Articulaires : arthrite, arthralgies (hyperleucocytose du

liquide synovial)
Autres : uvéite, érythème au niveau de la cicatrice de BCG,

desquamation du siège, phlegmon rétropharyngé

Formes incomplètes

Fièvre de plus de 5 jours et 2 ou 3 critères cliniques
ou

 Fièvre de plus de 7 jours sans cause retrouvée (enfants ≤ 6 mois+++)

Faire un bilan biologique

CRP < 30 mg/l et VS < 40 mm/h

Réexaminer et contrôler le bilan
biologique si la fièvre persiste

Échocardiographie en cas de
desquamation en doigt de gant

typique

CRP ≥ 30 mg/l et/ou VS  ≥ 40 mm/h

Au moins 3 critères biologiques ou plus :

Anémie pour l’âge
Plaquettes  ≥ 450 000/mm3

Albumine  ≤ 30 g/l
ALAT augmentées

Globules blancs  ≥ 15 000/mm3

ECBU  ≥ 10 globules blancs/champ

ou

Échocardiographie positive

Description coronaire

Aucune atteinte coronaire : Z-score < 2 
Dilatation coronaire : 2  ≤ Z-score < 2,5

Anévrisme coronaire de petite taille : 2,5 ≤ Z-score < 5
Anévrisme coronaire de taille moyenne : 5 ≤ Z-score < 10 et valeur absolue < 8 mm

Anévrisme coronaire géant : Z-score ≥ 10 ou valeur absolue  ≥ 8 mm

Score de Kobayashi (risque coronaire élevé si score ≥ 5)

Âge ≤ 1 an (1 point)
Traitement dans les 4 premiers jours de fièvre (2 points)

Hyponatrémie < 130 mmol/l (2 points)
Plus de 80 % de polynucléaires neutrophiles (2 points)

Plaquettes   ≤ 300 ×109/l (1 point)
ASAT  ≥ 100 UI/l (1 point)
CRP ≥ 100 mg/l (1 point)

Exclusion des diagnostics différentiels

Origine virale : adénovirus, entérovirus, EBV, rougeole
Scarlatine

Syndrome d’épidermolyse staphylococcique
Syndrome du choc toxique
Adénopathie bactérienne

Hypersensibilité aux médicaments
Syndrome de Stevens-Johnson

Polyarthrite juvénile
Leptospirose

Traiter

Non

Oui

Échocardiographie positive

Z-score IVA ou CD ≥ 2,5
Ou anévrisme coronaire (Z-score ≥ 2,5)
Ou plus de 3 critères :
- dysfonction ventriculaire gauche
- fuite mitrale
- épanchement péricardique
- Z-score IVA ou CD compris entre 2 et 2,5

Figure 1. Diagnostic de la maladie de Kawasaki. CRP : protéine C réactive ; VS : vitesse de sédimentation ; BCG : bacille de Calmette et Guérin ; ALAT :
alanine aminotransférases ; ECBU : examen cytobactériologique des urines ; EBV : Epstein-Barr virus ; IVA : coronaire interventriculaire antérieure ; CD :
coronaire droite.

Japon  comme  un  signe  précoce  et  très  spécifique  de  la  maladie.  La
lésion peut  être  nodulaire  et  nécrotique.  Elle  guérit  en  général  en
deux semaines [28].

Des  lésions  bulleuses,  vésiculeuses  ou  à  type  de  rash  pétéchial
vont à  l’encontre  du  diagnostic  de  maladie  de  Kawasaki  et  doivent
faire rechercher  un  diagnostic  différentiel.

Atteinte  des  extrémités
L’atteinte  des  extrémités  se  présente  comme  un  érythème  des

paumes  des  mains  et/ou  des  plantes  des  pieds  vers  le  cinquième
jour (fuite  capillaire),  ou  une  éruption  des  faces  dorsales  des  extré-
mités.  L’œdème  palmoplantaire,  plus  rare,  apparaît  en  moyenne
le septième  jour  et  peut  être  localisé  sur  les  faces  dorsales  des

extrémités.  La  desquamation  en  « doigt  de  gant  » des  doigts
et des  orteils,  survenant  au  cours  de  la  troisième  semaine,  peut
s’associer  à  une  desquamation  palmoplantaire [23].  Sa  présence
doit faire  évoquer,  a  posteriori,  le  diagnostic  de  maladie  de  Kawa-
saki et  nécessite  la  prescription  d’une  échographie  cardiaque  à  la
recherche  d’anévrisme.

Atteinte  des  ganglions  cervicaux
L’atteinte  des  ganglions  cervicaux  est  plus  rare  et  réalise  une

tuméfaction  ganglionnaire  volumineuse,  souvent  unilatérale  de
plus de  1,5  cm,  tendue,  ferme,  régressant  en  quelques  jours
sans jamais  suppurer  (diagnostic  différentiel).  Chez  un  petit
nombre  de  patients,  l’atteinte  ganglionnaire  peut  être  la  seule

4 EMC - Angéiologie

Bajolle et al. 2018 EMC 



(
1°)(La(phase(aiguë((J0NJ10)(:(aOeinte,cardiaque,rare,
(
2°)(La(phase(subaiguë((J10NJ20)(:(diagnosTc,de,complicaTon,
coronaire,
(
3°)(La(phase(de(convalescence((J20NJ70)(:(constataTon,d’anévrysmes,
et,de,sténoses,cicatricielles,en(cas(de(complica4on(coronaire(à(la(
deuxième(phase(

Evolu4on(naturelle(



Exemples(d’aQeinte(coronaires(



Dilata4on(anévrysmale(des(artères(coronaires(

IVA =6.9 mm Aorte 
Thrombus  
dans l’IVA Aorte 

(A)(IVA=interventriculaire(antérieure(
(B)(thrombus(dans(l’IVA(



Dysfonc4on(ventriculaire(gauche(sévère(en(
échographie(

VG 
dilaté 

VG 
dilaté 

Etat de choc dans 7% des cas de maladie de Kawasaki 



Dilata4on(anévrysmale(des(artères(
coronaires(au(scanner(

Aorte 

IVA =6.9 mm 

CD =4.7 mm 



Chapelet anévrysmal 

Dilata4on(anévrysmale(de(l’IVA(en(
chapelet(au(scanner(

Aorte 

Chapelet anévrysmal 

Aorte 



Anévrysme(coronaire(avec(sténose(
coronaire(au(cathétérisme(cardiaque(

Sténose  
coronaire 

Anévrysmes et sténoses 
multiples des coronaires 



AQeinte(diffuse(des(axes(vasculaires(

Aorte 

Dilatation  
fusiforme 

Foie 

A B 

(A)(épaississement(pariétal(hyperéchogène(de(l’aorte,(de(l’artère(mésentérique(supérieure(et(du(tronc(
coeliaque(en(échographie((
(B)(dilata4on(fusiforme(de(l’artère(mésentérique(supérieure,(du(tronc(caeliaque(au(scanner(



Le(traitement(de(1ère(inten4on(

Immunoglobulines,intraveineuses:(
•  2g/kg(en(8(à(12(heures,(à(posologie(progressive(
(
En,associaTon(à(de(l’acide,acétylsalicylique,(AAS),:,
•  à( fortes( doses( pour( ses( effets( an4Ninflammatoires( et( an4N

thrombo4ques((30a50,mg/kg/j,en,4,fois),à(la(phase(aiguë((
•  puis(à(dose,anTaaggrégante,plaqueOaire, rapidement(48N72(h(

après(l’apyrexie((3N5(mg/kg/jour)(

De Graeff et al 2019, Newburger 2016 



result in luminal narrowing and consequent myo-
cardial ischemia. A prominent feature of the late his-
tology of aneurysms is the almost universal finding
of layered thrombus in the aneurysms associated
with calcification that can be detected by computed
tomography (CT) calcium score (38).

It is important to note that only the most severe
forms of vascular and myocardial pathology have
been characterized, as the histological description of
KD is largely on the basis of autopsies of individuals
who died of complications of their vasculitis.

Coronary artery histology in individuals with a his-
tory of KD who died of unrelated causes has not been
systematically studied. These data are needed to
allow accurate counseling of patients about potential
future cardiovascular complications.

EVALUATION IN ACUTE PHASE OF ILLNESS

In the absence of a pathognomonic laboratory test,
the diagnosis of KD depends on recognition of clinical
criteria (2). The most important elements in timely

CENTRAL ILLUSTRATION Management of Kawasaki Disease

Anti-in!ammatory therapy with intravenous immunoglobulin (IVIG) and ASA (acetylsalicylic acid or aspirin).
Echocardiogram to assess coronary arteries and determine Z score.

Defervescence with no coronary dilation (Z score <2) Persistent/recrudescent fever 36 hrs after IVIG and/or Z score ≥2.5

Additional anti-in!ammatory therapy

Diagnosis of Kawasaki disease according to American Heart Association criteria*

Risk level

1   Normal coronary 
arteries

2  Transient dilation

3  Small aneurysm

4  Medium aneurysm

5  Large or giant 
aneurysm

Management

Antiplatelet therapy 4–6 weeks and cardiac counseling.
No invasive cardiac tests are warranted.

Same as risk level 1

Low-dose aspirin beyond #rst 6 weeks

Z score

<2

2 to <2.5

≥2.5 to <5

≥5 to <10

≥10 or 
absolute
dimension 
≥8mm

Long-term antiplatelet therapy

Long-term antiplatelet plus
anticoagulation therapy, 
+/– beta blockers

Coronary risk strati!cation

Life-long surveillance tailored
to coronary artery status and age:
• Echocardiography (serial)
• Angiography (CT, CMR, invasive)
• Stress-testing for inducible myocardial ischemia
• Coronary intervention

- Catheter
- Surgical

•  Counseling
- Exercise recommendations
- Reproductive counseling
- CV risk management

Repeat echocardiograms until dimensions stabilize

Newburger, J.W. et al. J Am Coll Cardiol. 2016;67(14):1738–49.

*Fever for at least 5 days plus rash, bilateral nonexudative conjunctivitis, oral changes (red, cracked lips, strawberry tongue, erythema of the oropharynx);
extremity changes (swollen hands and feet, erythema of the palms and soles, and/or subungual desquamation at 2 weeks); cervical lymphadenopathy
($1.5 cm, usually unilateral) or fever plus fewer criteria with coronary aneurysms. ASA ¼ acetylsalicylic acid; CMR ¼ cardiac magnetic resonance;
CT ¼ computed tomography; CV ¼ cardiovascular; IVIG ¼ intravenous immunoglobulin.

Newburger et al. J A C C V O L . 6 7 , N O . 1 4 , 2 0 1 6

Kawasaki Disease A P R I L 1 2 , 2 0 1 6 : 1 7 3 8 – 4 9

1740



The progression of aneurysm formation in some
patients, despite timely diagnosis and treatment, has
fueled the search for more effective therapies.
Rational selection of the optimal rescue therapy for
IVIG-resistant patients would benefit from improved
understanding of the mechanisms of resistance (54).
One study has suggested differences in host protein
sialylation as a potential mechanism (55). Genetic
studies are being conducted to shed light on the
mechanisms of IVIG-resistance (56). Treatment al-
ternatives for this group of patients currently in-
clude a second infusion of IVIG, either alone or
in combination with steroids and infliximab. In a
2-center, retrospective study of either second IVIG
infusion or infliximab as the first retreatment, pa-
tients with IVIG resistance who were treated with
infliximab had more rapid resolution of fever and
inflammatory markers, fewer days in hospital, and
lower costs of care (57). However, coronary artery
outcomes were similar between groups. The efficacy
of cyclosporine has been suggested by case series and
supported by basic research suggesting that therapy
directed at the calcium signaling pathway may pre-
vent T-cell destruction of the coronary arterial wall
(34,35). The cytotoxic agent cyclophosphamide,
often in conjunction with corticosteroids, is used on
rare occasions in the patient with severe progressive
aneurysms refractory to other treatments (58).
Enrollment of patients with evolving aneurysms is
currently ongoing in a trial of the IL-1 receptor
antagonist anakinra (Anakinra in Infants and Chil-
dren With Coronary Artery Abnormalities in Acute
Kawasaki Disease; NCT02179853), and a phase I/IIa
trial is exploring whether statin therapy (Pharmaco-
kinetics [PK]/Safety Study of Atorvastatin in

Children With Kawasaki Disease and Coronary Artery
Abnormalities; NCT01431105) can inhibit endothelial
to mesenchymal transition and promote T-cell
regulation. Finally, clinical trials are needed to refine
the approach to KD treatment in resource-limited
settings (59).

In the setting of severe inflammation, patients
developing giant aneurysms have a high risk of coro-
nary artery thrombosis; improved outcomes have been
associated with aggressive systemic anticoagulation
and antiplatelet therapy (60,61). One single-center
observational series suggested that arterial remodel-
ing was superior with low-molecular-weight heparin
compared with warfarin (62). Levels of antithrombin
III may be low, necessitating antithrombin supple-
mentation to facilitate efficacy of heparin or use of
direct thrombin inhibitors (63). Administration of
dual antiplatelet therapy is reasonable in children
with moderate-sized aneurysms (z-scores of 5
to <10 mm).

NATURAL HISTORY

Risk factors for development of CAA include both
demographic variables and those related to the
severity of vasculitis on presentation (2,64,65). Even
adjusting for their higher incidence of KD, boys
are more likely than girls to develop aneurysms. In-
fants younger than 6 months of age have the highest
incidence of CAA and are most likely to present with
incomplete criteria; those older than 8 years of age
also have high risk. Laboratory tests indicating worse
systemic inflammation (e.g., higher C-reactive pro-
tein, worse anemia, lower platelet count, higher per-
centage of neutrophils, and lower serum sodium) are

TABLE 1 Principles in Acute Management of KD

1. The goal of therapy is to reduce systemic and tissue-level inflammation as rapidly as possible. For this reason, patients should be treated as soon as
diagnosis can be confidently established.

2. All patients within the first 10 days of fever onset should be treated with IVIG. Patients diagnosed after 10 days should receive IVIG treatment if
they are still febrile, have markedly elevated inflammatory parameters, or have coronary artery dilation.

3. Recrudescent fever at least 36 h after the end of IVIG infusion without other explanation is a marker for persistent inflammation and should prompt
immediate and aggressive anti-inflammatory therapy

a. Antibody-mediated hemolysis has become common in KD patients who have received IVIG retreatment and have type A or B blood; rescue
therapies other than IVIG (e.g., infliximab, corticosteroids) should be considered.

4. Patients with coronary artery dilation (z-score >2.0) should be followed with a repeat echocardiogram at least twice a week until dimensions
stabilize; additional anti-inflammatory therapy should be considered.

5. Patients with giant aneurysms should have frequent echocardiograms in the first 3 months of illness for thrombus surveillance, even after
dimensions stabilize.

6. Infants under 6 months of age are at extremely high risk of aneurysm formation, even with timely therapy. They require echocardiograms every few
days until dimensions have stabilized.

7. Patients with giant CAA (z-score $10) are at highest risk for thrombosis during the first 3 months after fever onset

a. Systemic anticoagulation together with an antiplatelet agent should be administered until coronary dimensions improve.

b. Low-molecular-weight heparin is easier to regulate than warfarin in infants, as well as in patients of any age, during the acute phase of illness or
until hsCRP normalizes.

CAA ¼ coronary artery aneurysm; hsCRP ¼ high-sensitivity C-reactive protein; IVIG ¼ intravenous immunoglobulin; KD ¼ Kawasaki disease.

Newburger et al. J A C C V O L . 6 7 , N O . 1 4 , 2 0 1 6

Kawasaki Disease A P R I L 1 2 , 2 0 1 6 : 1 7 3 8 – 4 9

1742

Recommanda4ons(américaines(

Newburger JACC 2016 



Surveillance(à(court(terme((
Pour,les,paTents,sans,complicaTon,coronaire:,
•  1(echo(entre(1N2(semaines(et(1(echo(entre(4N6(semaines((Classe(1)(

Pour,les,paTents,avec,Z,score,coronaire,>,2,0,à,la,phase,aigue:,
•  2(echos(par(semaines(jusqu’à(l’arret(de(la(progression(
(

Pour,les,paTents,avec,anévrismes,géants:,
•  2(échos(par(semaine(tant(que(les(lésions(progressent(
•  1(écho/sem(pdt(45(jours(puis(
•  1(écho/mois(pendant(3(mois((Casse(IIA)(

Newburger JACC 2016 



An4agréga4on(et(an4coagula4on(
PaTents,sans,aOeinte,coronaire:,
•  Aspirine(pendant(6(semaines((Cl(1)(
(
PaTents,avec,aOeinte,coronaire,d’aggravaTon,rapide:,
•  Hospitalisa4on(pour(mise(sous(heparine((An4Xa(0,5N1)(
•  Arret(si(stabilisa4on;(Z(score(<(10(ou(8(mm(
•  Aspirine(12(mois(
(
PaTents,avec,anévrysmes,géants:,
•  Hospitalisa4on(pour(Heparine(et(relais(AVK((INR(2N3)(
•  Aspirine(à(vie(



Que(faire(en(cas(de(persistance(de(la(fièvre(
après(une(première(cure(d’IgIV?(

•  Résistants:,15(à(20(%(des(cas(
•  Associée(à(un(risque(plus(élevé(d'aQeinte(coronaire(

•  Deuxième(dose(d’IVG((
•  associée(à(un(bolus(de(cor4coides((20N30(mg/kg/jour(IV(

methylprednisolone)(

•  Discuter:,prednisolone(p.o.(plus(prolongé(2N3(semaines(
•  Alterna4ve:(infliximab(
•  En(cas(d’échec:(ciclosporine(

Egami&K&et&al.,&J&Pediatr&2006&

Newburger(JW(et(al.,(Circula4on.(2004(



Comment identifier les résistants ? 
Qui sont les patients à haut risque?

• Score issu de la littérature de patients japonais!!

Shohai O et al., Pediatrics 2011; Egami K et al., J Pediatr 2006 ; Chen  S, et al. JAMA 2016; Mc Crindle Circ 2017 

Score d’Egami (2006) Score de Kobayashi (2006) Score de Sano (2007)

Age ≤ 6 mois (2 points) Age ≤ 12 mois (1 point) Bilirubine totale ≥ 0.9mg/dL (1

point)

≤ 4 jours de fièvre (1 point) Traitement dans les 4 premiers

jours de fièvre (2 points)

CRP ≥ 7mg/dL (1 point)

Plaquettes ≤ 300.109/L (1

point)

Plaquettes ≤ 300.109/L (1

point)

ASAT ≥ 200 U/L (1 point)

CRP ≥ 8mg/dL(1 point) CRP ≥ 10mg/dL (1 point)

ALAT > 100 U/L (1 point) ASAT ≥ 100 U/L (1 point)

≥ 80% neutrophiles (2 points)

Na+ ≤ 133 mmol/L (2 points)

Haut risque si ≥ 3 points Haut risque si ≥ 5 points Haut risque si ≥ 2 points

Scores issus de la population japonaise, spécifique mais non sensible 
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Abstract

Objectives. The European Single Hub and Access point for paediatric Rheumatology in Europe initiative aimed to
optimize care for children with rheumatic diseases. Kawasaki disease (KD) is the most common cause of acquired heart
disease in children and an important cause of long-term cardiac disease into adulthood. Prompt diagnosis and treatment
of KD is difficult due to the heterogeneity of the disease but is crucial for improving outcome. To date, there are no
European internationally agreed, evidence-based guidelines concerning the diagnosis and treatment of KD in children.
Accordingly, treatment regimens differ widely. The aim of this study is to provide consensus-based, European-wide
evidence-informed recommendations for diagnosis and treatment of children with KD.

Methods. Recommendations were developed using the EULAR’s standard operating procedures. An extensive sys-
tematic literature search was performed, and evidence-based recommendations were extrapolated from the included
papers. These were evaluated by a panel of international experts via online surveys and subsequently discussed in three
consensus meetings, using nominal group technique. Recommendations were accepted when 580% agreed.

Results. In total, 17 recommendations for diagnosis and 14 for treatment of KD in children were accepted. Diagnostic
recommendations included laboratory and imaging workup for complete as well as incomplete KD. Treatment recom-
mendations included the importance of early treatment in both complete and incomplete KD, use of intravenous im-
munoglobulin, aspirin, corticosteroids for high-risk cases, and other treatment options for those with resistant disease.

Conclusion. The Single Hub and Access point for paediatric Rheumatology in Europe initiative provides international
evidence-based recommendations for diagnosing and treating KD in children, facilitating improvement and uniformity
of care.
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North America [49!51]. Although therapeutic delay is a
major contributing factor to these poor outcomes, some
authors speculate that IVIG response may vary across
populations [48], perhaps due to genetic differences
such as Fc gamma-receptor polymorphisms [3], empha-
sizing the need for adjunctive primary treatment in some
patients. While it is also possible that improved echocar-
diographic technology has resulted in better detection of
CAA and hence seemingly poorer coronary outcomes as
compared with historical studies [52], an emerging overall

theme is that diagnostic delay remains an important con-
cern in relation to outcome.

While significant equipoise remains regarding the use of
corticosteroids for unselected KD patients, the use of cor-
ticosteroids as primary adjunctive treatment of patients
with severe KD [53], has an increasingly compelling evi-
dence base [37, 45, 46, 54!57]. Meta-analysis of 16 com-
parative studies involving 2746 KD patients demonstrated
that early addition of corticosteroids to conventional IVIG
therapy is associated with reduced risk of CAA compared

TABLE 3 SHARE recommendations for the treatment of KD

KD recommendations ! treatment LoE SoR

1. As soon as a patient is diagnosed with KD, treatment should be initiateda. This applies to both complete
and incomplete KD.

1A A

2. Treatment of KD should include IVIG at a dose of 2 g/kg as a single infusion. 1A A
3. In non-Japanese patients, the Kobayashi criteria may indicate risk of IVIG resistance if ‘positive’ (score
54) but may not reliably exclude IVIG resistance if ‘negative’ (score <4).

2A C

4. All patients diagnosed with KD who are treated with IVIG should be treated with aspirin at a dose of
30!50 mg/kg/day until fever has settled for 48 h, clinical features are improving, and CRP levels are
falling.

2A C

5. The dose of aspirin should subsequently be reduced to an antiplatelet dose of 3!5 mg/kg once daily
when fever and inflammation have subsided.

3 D

6. If aneurysms persist in the convalescent phase of KD, antiplatelet therapy in the form of low-dose aspirin
(3!5 mg/kg) should be continued long-term, at least until the aneurysms resolve.

3 D

7. In patients with CAA that resolve, long-term aspirin (3!5 mg/kg/day) should be considered, taking into
account the risk!benefit ratio for individual patients.

4 D

8. Corticosteroid treatment should be given to patients with severe KDa:

(a) Who are IVIG resistant, that is, with ongoing fever and/or persistent inflammation or clinical signs
548 h after receiving IVIG as a single dose of 2 g/kg. A second dose of IVIG is at the discretion
of the treating physician.

(b) Kobayashi score 55 (see Supplementary Table S5, available at Rheumatology online)
(c) With features of HLH
(d) With features of shock
(e) Who are under the age of 1 year
(f) Who present with coronary and/or peripheral aneurysms

1Ab

1A
3
4
4
4
4

A

C
C
D
D
D
D

9. If corticosteroids are indicated, the following regimens would be reasonable:

Regimen 1: methylprednisolone 0.8 mg/kg BD i.v. for 5!7 days or until CRP normalizes; then convert to
oral prednisone/prednisolone 2 mg/kg/day and wean off over next 2!3 weeks.
Regimen 2: methylprednisolone 10!30 mg/kg (up to maximum of 1g/day) once daily for 3 days followed
by oral prednisone/prednisolone 2 mg/kg per day until day 7 or until CRP normalizes; then wean over
next 2!3 weeks.

2A B

10. TNF-alpha blockade (e.g. infliximab) should be considered in KD patients with persistent inflammation
despite IVIG, aspirin and corticosteroid treatment, after consultation with a specialist unit.

2A C

11. The use of DMARDs such as ciclosporin, cyclophosphamide and methotrexate, along with anakinra
and plasma exchange, cannot be recommended, except on an individual basis after consultation with
a specialist unit.

4 D

12. In the presence of giant aneurysms (internal diameter 58 mm, or Z-score 510, and/or coronary artery
stenosis) warfarin should be administered (in addition to aspirin), after initial heparinization; heparin can
be stopped when a stable INR between 2 and 3 is reached. Low molecular weight heparin is a suitable
alternative, particularly in young infants where safe warfarinization can be challenging.

2B C

13. If symptoms of ischaemia or obstruction occur in a patient with KD, a paediatric cardiologist/cardiac
surgeon/interventional radiologist (depending on local expertise available) should be consulted
immediately

4 D

14. Immunization with all vaccines should be deferred for at least 6 months following an episode of KD
treated with IVIG.

4 D

aTreatment should not be delayed while awaiting echocardiography. bLevel of evidence 1A and strength of recommendation A
for this overall statement in relation to severe KD. CAA: coronary artery aneurysms; HLH: haemophagocytic lymphohistiocy-
tosis; IVIG: intravenous immunoglobulin; KD: Kawasaki disease; LoE: level of evidence; SHARE: Single Hub and Access point
for paediatric Rheumatology in Europe; 1A: meta-analysis of randomized controlled trials; 1B: randomized controlled study;
2A: controlled study without randomization; 2B: quasi-experimental study; 3: descriptive study; 4: expert opinion; SoR:
strength of recommendation; A: based on level 1 evidence; B: based on level 2 or extrapolated from level 1; C: based on
level 3 or extrapolated from level 1 or 2; D: based on level 4 or extrapolated from level 3 or 4 expert opinion.
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Nouveauté 2019: corticoides IV puis p.o. en phase aigue  
pour les patients à risque élévé d’emblée ou avec résistance 



Quelle,est,l’histoire,naturelle,des,complicaTons,
coronaires,de,la,MK?,
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also predictors of CAA. Patients whose coronary di-
mensions are small at the time of presentation are
less likely to develop CAA (66). Finally, resistance to
IVIG portends much higher risk of aneurysm devel-
opment (65).

The architecture of CAA evolves dynamically over
time (Figure 1) (67). Aneurysms may increase in size
over the first 2 months of illness. Regression of an-
eurysms to normal lumen diameter generally occurs
by 2 years after disease onset, whereas stenosis is
progressive over many years (67,68). The natural
history of aneurysms is highly related to the greatest
degree of coronary enlargement in early months after
illness onset, as well as to the number of coronary
arteries involved (67,69,70).

The largest aneurysms, so-called giant aneurysms
(Figure 2), historically have been defined as having an

internal lumen dimension $8 mm; most natural his-
tory series performed in Japan have relied on this
definition. North American investigators have rede-
fined large or giant aneurysms as having a z-score $10
(43). The discrepancy between body surface area–
adjusted and absolute criteria may explain why more
than one-half of aneurysms >6 mm developed ste-
nosis by 15 years of follow-up in 1 Japanese series (71).
Virtually all of the morbidity and mortality associated
with KD occurs in patients with giant aneurysms (72).
In arterial segments affected by such aneurysms,
LMP, as well as layering of mural thrombus, may
reduce the internal lumen of aneurysms (Figure 3).
These mechanisms pose a double-edged sword that
also can cause progressive coronary stenosis, partic-
ularly at the entrance or exit of an aneurysm, or even
complete occlusion (32). The low prevalence of

FIGURE 1 Natural History of Coronary Artery Architecture in Kawasaki Disease

Adapted with permission from Newburger et al. (99).
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19-1800 ! Maladie de Kawasaki

Immunoglobulines IV à 2 g/kg sur 12 h
Aspirine à dose anti-inflammatoire 60 mg/kg/j jusqu’à disparition de la fièvre

Puis relais par AAP 3–5 mg/kg/j

75 % 20 %

Coronaires
normales

Z-score < 2
AAP 6 semaines
Cs à 6 semaines

Arrêt
aspirine
Clôture

du
dossier

Normali-
sation
Arrêt

aspirine
Clôture du

dossier

Si
persistance

Maintien
aspirine
Cs/2–5

ans

Normali-
sation
Arrêt

aspirine
Cs/1–3 ans

Si
persistance

Maintien
aspirine

 Cs/an

Même
si

normalisation
Aspirine à vie

± double
AAP

Cs/an

Prévention des FDRCV pour tous !

Si
persistance

Aspirine
à vie

± double
AAP

Cs/an

Normali-
sation

Aspirine
à vie

± double
AAP

Cs/an

Si
persistance

Aspirine à vie
Maintien AVK
± double AAP

± BB
Cs/6 mois

Dilatation
2 ≤ Z-score < 2,5
AAP 6 semaines
Cs à 6 semaines

Petit anévrisme
2,5 ≤ Z-score < 5

AAP 1 an
Cs à M3, M6, M12

Coroscanner à 1 an

Anévrisme moyen
5 ≤ Z-score < 10

AAP à vie
Cs à M3, M6, M12

Coroscanner à 1 an

Anévrisme géant
Z-score ≥ 10 ou  ≥ 8 mm

AAP à vie 
AVK pour INR 2-3

Cs à M1, M2, M3, M6, M9, M12
Coronarographie à 1 an

4 % 1 %

Figure 2. Arbre décisionnel. Prise en charge proposée par le centre de référence Malformations Cardiaques Congénitales Complexes (M3C) Necker. IV : par
voie intraveineuse ; AAP : aspirine à dose antiagrégante plaquettaire ; Cs : consultation ; AVK : antivitamine K ; INR : international normalized ratio ; FDRCV :
facteurs de risques cardiovasculaires.

!  Formes  incomplètes
Lorsqu’on  a  une  forme  incomplète  de  maladie  de  Kawasaki

(fièvre d’au  moins  cinq  jours  associée  à  deux  ou  trois  critères  cli-
niques,  majeurs  ou  supplémentaires,  ou  fièvre  de  plus  de  sept  jours
sans cause  retrouvée,  surtout  chez  l’enfant  de  moins  de  6  mois),
on doit  réaliser  un  bilan  biologique  :  une  CRP  et  une  VS.
• Si  la  CRP  et  la  VS  sont  négatives,  il  faut  réexaminer  l’enfant

et contrôler  le  bilan  si  la  fièvre  persiste.  On  peut  demander
une échocardiographie  s’il  existe  une  desquamation  en  doigt
de gant  typique.

• Si  la  CRP  est  ≥  0  mg/l  ou  si  la  VS  est  ≥  0  mm/h,  il  faut  analyser
les taux  d’hémoglobine,  de  plaquettes,  d’albumine,  d’ALAT,  de
leucocytes,  et  l’ECBU  et  on  peut  demander  une  échographie
cardiaque.
◦ On  traitera  l’enfant  par  IgIV  s’il  a  au  moins  trois  critères  bio-

logiques  positifs  (ou  plus)  ou  s’il  a  une  échocardiographie
positive  (qui  ne  sera  demandée  que  lorsqu’il  n’y  a  pas  les
trois critères  biologiques  suffisants  pour  traiter).  Les  critères
biologiques  positifs  sont  :  une  anémie  pour  l’âge,  des  pla-
quettes  ≥  450  000/mm3,  une  albumine  ≤  30  g/L,  des  ALAT
augmentés,  des  leucocytes  ≥  15  000/mm3 et  un  ECBU  ≥  10
globules  blancs/champ.  Les  critères  échographiques  positifs
sont un  Z-score  IVA  ou  CD  ≥  à  2,5  ou  la  présence  d’un
anévrisme  coronaire  (Z-score  ≥  2,5)  ou  plus  de  trois  cri-
tères parmi  ceux-ci  :  dysfonction  ventriculaire  gauche,  fuite
mitrale,  épanchement  péricardique  et  Z-score  IVA  ou  CD
compris  entre  2  et  2,5.

◦ On  ne  traitera  pas  l’enfant  si  la  CRP  et  la  VS  sont  positives
mais  que  le  bilan  biologique  et  l’échographie  sont  négatifs.
Dans ce  cas,  il  faut  réexaminer  l’enfant  et  recontrôler  le  bilan
si la  fièvre  persiste.  On  peut  demander  une  échocardiographie
s’il existe  une  desquamation  en  doigt  de  gant  typique  (Fig.  1).

!  Traitement
Traitement à la phase aiguë

Le  traitement  recommandé  repose  sur  les  immunoglobulines
humaines  intraveineuses  en  une  dose  unique  de  2  g/kg,  le  plus
rapidement  possible  après  le  diagnostic,  idéalement  dans  les  dix
premiers  jours  de  la  maladie [4].  La  tolérance  des  immunoglobu-

lines  est  le  plus  souvent  excellente.  La  recommandation  est  une
perfusion  lente  de  12  heures  pour  éviter  tout  effet  secondaire
(flush, hypertension,  malaise,  hypotension,  etc.).  Les  immuno-
globulines  humaines  sont  des  médicaments  dérivés  du  sang.  À
ce titre,  leur  prescription  doit  être  notée  dans  le  dossier  transfu-
sionnel  comme  dans  le  carnet  de  santé  de  l’enfant.  Le  mécanisme
d’action  n’est  pas  clairement  élucidé,  mais  les  Ig  paraissent  avoir
un effet  anti-inflammatoire  global [45].  Les  mécanismes  hypothé-
tiques sont  une  modulation  de  la  production  de  cytokines,  une
neutralisation  de  toxines  ou  d’agents  pathogènes,  une  augmenta-
tion des  cellules  T  régulatrices,  et  une  suppression  de  la  synthèse
d’anticorps.  Il  est  raisonnable  d’administrer  des  IgIV  chez  des
enfants même  après  dix  jours  d’évolution  (retard  de  diagnostic)
s’ils ont  des  signes  d’inflammation  systémique  (VS  ou  CRP  élevées)
et une  fièvre  persistante  sans  autre  explication  ou  des  anomalies
des artères  coronaires  (Z-score  >  2,5).  Les  effets  secondaires  sont
rares,  mais  récemment  ont  été  rapportés  des  cas  d’anémie  hémo-
lytique  Coombs  positif,  en  particulier  chez  des  patients  du  groupe
sanguin  AB,  mais  aussi  des  méningites  aseptiques  résolutives  sans
séquelle.  Il  est  à  noter  qu’il  est  préférable  de  différer  la  vaccination
contre la  rougeole  et  les  oreillons,  ainsi  que  la  varicelle  si  elle  doit
être faite,  de  11  mois  après  avoir  reçu  le  traitement  par  Ig [3, 46].

Pendant  la  phase  aiguë  de  la  maladie,  l’administration  des
immunoglobulines  doit  être  associée  à  la  prise  d’aspirine  à  dose
anti-inflammatoire  :  30  à  100  mg/kg  par  jour  en  quatre  prises,
soit en  moyenne  60  mg/kg  par  jour.  La  durée  de  prescription  à
dose anti-inflammatoire  varie  selon  les  institutions,  la  plupart
des centres  réduisent  la  dose  d’aspirine  après  48  à  72  heures
d’apyrexie.  L’aspirine  est  ensuite  donnée  à  dose  antiagrégante  (3
à 5  mg/kg/j)  durant  six  semaines  s’il  n’y  a  pas  d’atteinte  coronaire
ou seulement  une  dilatation  se  normalisant  dans  les  six  semaines.
Si la  dilatation  persiste,  il  faut  continuer  l’aspirine  jusqu’à  norma-
lisation.  S’il  y  a  un  anévrisme  coronaire  de  petite  taille,  il  faut
maintenir  l’antiagrégation  plaquettaire  avec  possibilité  d’arrêt  en
cas de  normalisation.  Si  l’anévrisme  est  d’au  moins  de  moyenne
taille, il  faut  continuer  l’aspirine  à  dose  antiagrégante  à  vie  (Fig.  2,
Tableau  2).  Le  syndrome  de  Reye,  risque  décrit  chez  les  enfants
prenant  des  dérivés  salicylés  durant  une  varicelle  ou  une  grippe,
a aussi  été  rapporté  chez  des  patients  prenant  de  l’aspirine  à  dose
anti-inflammatoire  durant  une  période  prolongée  après  un  Kawa-
saki.  Ainsi,  un  patient  se  présentant  avec  un  Kawasaki  associé  à
une grippe,  devrait  être  traité  avec  des  IgIV  sans  aspirine,  un  usage
alternatif  d’antipyrétique  et  un  autre  antiagrégant  plaquettaire
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high risk in the period from 15 to 45 days after disease
onset (75). Intravascular clot formation and degrada-
tion is a consequence of severe vascular inflammation
during the early illness and altered hemodynamics in
the aneurysm (76). Although the risk of MI appears to
fall after 1 to 2 years, cases continue to occur, and
adults can present with MI several decades after KD
onset (77,78). Indeed, in a recent study in San Diego
County, 5% of patients younger than age 40 years of
age who presented with acute coronary syndromes
had aneurysms secondary to KD in childhood (79). In
a multicenter survey of Japanese patients with giant
aneurysms, by 30 years, 26% had suffered at least 1
acute MI (unilateral aneurysms 15%, bilateral 3%)
(72). Among 60 subjects with MI, survival was 79% at
20 years, and 50% of survivors had ventricular
tachycardia (80).

Regression to normal internal lumen diameter is
common in children with moderate or small aneu-
rysms, but has been associated with late myointimal
thickening of the coronary arterial wall on intravas-
cular ultrasound (81) and optical coherence tomog-
raphy (82). In such arterial segments, coronary
vascular reactivity is impaired (83), and myocardial
blood flow and coronary flow reserve may be
decreased (84).

In the current era, the majority of children treated
with IVIG in the acute phase of illness never develop
coronary artery abnormalities. Some studies have
raised concerns, even in this “always normal” group.
Myocardial blood flow and coronary flow reserve with
adenosine were diminished in 1 study (85), and some
studies performed in Asia have suggested impaired
brachial artery reactivity (86) and arterial stiffness
(87). However, peripheral vascular studies in North
America have not detected long-term changes in pe-
ripheral vascular function (88,89). Moreover, reas-
surance can be derived from the absence of late
coronary artery calcification (38), clinical manifesta-
tions, or increased mortality in those with always-
normal coronary arteries with more than 30 years of
follow-up in Japan (90).

LONG-TERM MANAGEMENT

All patients with a history of CAA require lifelong
surveillance. Goals of long-term management are to
prevent coronary thrombosis and treat myocardial
ischemia and associated complications (Table 2).
There are few evidence-based studies to guide the
optimal frequency and types of cardiovascular testing
after KD. Thus, long-term management is based upon
first principles and evidence in adults with athero-
sclerotic coronary artery disease. Because the arterial

wall may be abnormal in remodeled coronaries, even
when the internal lumen diameter measures in the
normal range, both the current status of aneurysms
and the worst-ever coronary artery dimension or
z-score, must be considered in devising a plan for
long-term management. Types and intervals for
testing should be tailored to the severity of coronary
involvement (2).

With respect to cardiovascular testing during long-
term follow-up, echocardiographic measurements of
the coronary artery lumen become progressively less
reliable as children grow and the chest wall thickens.
Echocardiography is also less reliable for detection
of vascular stenosis or thrombosis than for dilation.
For these reasons, advanced imaging techniques,
including computerized tomographic angiography
(CTA) and magnetic resonance angiography, are used
with increasing frequency (91,92). As currently prac-
ticed at most centers, CTA provides greater detail of
vascular structures (Figure 4), whereas cardiac mag-
netic resonance (CMR)/magnetic resonance angiog-
raphy is superior for cardiovascular function and
assessment of wall motion and myocardial fibrosis.
The role of CT calcium scoring in the context of KD is
still being defined, but preliminary data suggest that
this low-radiation technique can be used to screen
patients with a history of KD and an unclear history of
echocardiographic abnormalities, as only young
adults with aneurysms had a positive score (38).

Tests for inducible ischemia are chosen according
to the patient’s age and institutional practice and
are helpful in determining the need for coronary in-
terventions. Wherever possible, the mode of stress
testing should minimize risks of anesthesia and
ionizing radiation. Children too young to exercise

TABLE 2 Principles in the Long-Term Management of Patients With KD

1. On the basis of available data, patients with no demonstrated coronary artery
dilation by echocardiogram with excellent visualization of all arterial segments
during the first weeks of illness appear to have normal cardiovascular status in
early adulthood.

2. Remodeling (so-called regression) of aneurysms, especially if moderate or large,
to normal internal lumen diameter is often accompanied by luminal
myofibroblastic proliferation and abnormal vascular reactivity.

3. Patients with persistent CAA are at lifelong risk of progressive coronary artery
stenosis or occlusion and worsening ischemia.

4. Patients with CAA documented at any stage require lifelong cardiovascular
surveillance tailored to disease severity and age.

5. Testing should minimize exposure to ionizing radiation whenever possible.

6. Sedentary life-style should be avoided.

7. Women with coronary aneurysms can carry pregnancy successfully, but should
have reproductive counseling.

8. Monitoring and counseling regarding traditional CV risk factors is appropriate to
reduce the likelihood of later atherosclerosis.

CV ¼ cardiovascular; other abbreviations as in Table 1.
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- Bonne hygiène dentaire quotidienne 
-  Consultation dentaire tous les 6 mois 

  Indispensable pour diminuer le risque d’endocardite 
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34 279 enfants avec CC suivis de 0 à 18 ans  

Incidence annualisée = 4.1 / 10 000 pt-année 

Rushani et al. Circulation 
2013 

POPULATION CONGENITALE(N(ENFANTS(



Kuijpers et al. Eur Heart Jour 
2017 

POPULATION CONGENITALE(N(ADULTES(

Registre CONCOR (14 224 patients>18 ans) 

Incidence EI : 1.33/1000 pt-years 

Prothèse valvulaire: HR=3.57(2.58–5.36)  



INCIDENCES(COMPARATIVES(

Miranda et al. Eur Heart Jour 2016 
Wang et al. JAMA 2007 

Rushani et al. Circulation 2013 
Habib et al. Eur Heart Jour 2015 

Dayer et al. Lancet 2015 
Population générale : 30 -100/ million pt-année  

Valves Ao/mitrale chir : 0.3 – 1.2% pt-année 

Patients avec CC: 0.4 – 1.33 / 1000 pt-année  

TAVI: 0.67 – 2.1% pt-année 

Valve Melody : 0.8 – 3% pt-année 

Valves/conduits pulmonaire chir : 0.5 - 3% pt-année 

Dispositifs electroniques implantables : 1.9/1000,deviceaannée,,
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Lluri et al. CCI 2017 

p=0.1
3 

134 chir et 208 percut (33 Sapien)  

Incidence IE: 0.5 vs 1.5 %pt/années  

VALVES(PERCUTANÉES(VS(CHIRURGICALES(

195 chir et 93 percut (0 Sapien)  

Incidence IE: 1.2 vs 3.9 %pt/années  
 

Malekzadeh-Milani et al. JTCS 2014 Van(Dijck(et(al.(Heart(2014(

631 chir et 107 percut (0 Sapien)  

Incidence IE: 0.8 vs 2.7 vs 3% %pt/années  
 



Author Year n Substrate EI 
Cumulative 
incidence 

EI Annualized 
Incidence 
(% pt-year) 

Median 
Follow-up 

(years) 

Albanesi, 2014 12/106 Contegra 11.3 7.6 

Malekzadeh 2014 5/190 Homografts 
Contegra 

2.6 1.2 2  

Ramanan 2015 6/115 Freestyle 5.4 - 4.3 

Mery 2016 23/586 Homograft 
Contegra 

Porcine valve 

4 - 7 

Ugaki 2016 21/298 Contegra 
Homograft 

7 - 3.4 

Albanesi(et(al.(EJCTS(2014(
Ramanan et al. Ann Thorac Surg 

2015 
Ugaki et al. Ann Thorac Surg 2016(

Mery(et(al.(JTCS(2016(

Tous les dispositifs valvulaires sont susceptibles d’être le 
siège d’une EI 

Avec une incidence variable mais significative 

SUBSTRAT(VALVULAIRE(



MalekzadehNMilani(et(al.(JTCS(2014(
Van(Dijck(et(al.(Heart(2014(

•  EI plus fréquente chez les patients avec VJB  

•  Quelle que soit la techniqued’implantation (i.e. Contegra et Melody) 

•  Comparés aux homogreffes RR=8.7 and 9.7 pour Melody et Contegra 

(Mery  et(al.(JTCS(2016(
Ugaki(et(al.(Ann Thorac Surg 2015  
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Sharma et al. JACC Int. 2017 

Méta-analyse sur IE chez les patients avec RVP chirurgical ou 

percutané 

7063 patients 

Incidence cumulative globale = 2.5% 

VJB vs autres substituts : 5.4% vs 1.2%; p < 0.0001  
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Cases of IE within 1 year after PPVI were classified as
early IE and other cases as late IE (21).

OUTCOMES. Outcomes were assessed in June 2016.
Information was obtained from our local database

and from phone calls to the patients and to their
cardiologists and general practitioners. For cases of
IE, every effort was made to obtain information on
the Duke criteria, clinical and microbiological details,
medical and surgical strategies, and outcome.

STATISTICAL ANALYSIS. Statistical analyses were
performed using Stata 11.2 software (StataCorp, Col-
lege Station, Texas). Continuous data were described
as mean ! SD if normally distributed and as median
(interquartile range [IQR]) otherwise. Categorical
variables were described as number (%). Bivariate
analyses with calculation of standardized differences
were performed to compare variables between the
two valve types and between patients with versus
without IE during follow-up.

Kaplan-Meier curves of the cumulative IE inci-
dence were plotted using the date of PPVI as the entry
date and the time since PPVI as the time scale. The
right censor was the date of IE, valve replacement,
heart transplantation, death, or follow-up comple-
tion. Differences in incidence were evaluated using
the log-rank test. The Kaplan-Meier method was also
used to assess the cumulative incidences of pulmo-
nary valve replacement and of death, with the date of
PPVI as the entry date and the time since PPVI as the
time scale and with the right censor set as the date of
valve replacement, heart transplantation, death, or
end of follow-up. Differences in incidence were
determined using the log-rank test.

RESULTS

POPULATION. We included 79 patients, 48 men and
31 women, with a median age of 25.0 years (IQR: 18.1
to 35.0 years) (Table 1). Among them, 3 (3.8%) had a
history of IE before PPVI (Melody valve: n ¼ 2; and
Sapien valve: n ¼ 1). The most common diagnoses
were conotruncal defect (73.4%) and congenital aortic
valve disease with Ross surgery (16.5%). A right-
ventricle-to-pulmonary-artery tube had been inser-
ted in 36.7% and a homograft or bioprosthesis
implanted in 29.1% and 17.7% of patients, respec-
tively. PPVI was performed on the native patched
RVOT in 16.5% of patients.

Age was younger and body weight lower at PPVI in
the Melody group than in the Sapien group. The Sa-
pien group had a higher proportion of patients with
their native RVOT compared with the Melody group
(25.5% and 3.1%, respectively). Implantation dates
were December 2008 to July 2014 for Melody and
December 2011 to May 2016 for Sapien.

PROCEDURES. Most patients underwent 1-stage PPVI
(69 of 79; 87.4%) and pre-stenting of the landing zone

TABLE 1 Patient Demographics, Procedural Data, and Post-Procedural Outcomes

PPVI With
Melody Valve

(n ¼ 32)

PPVI With
Sapien Valve

(n ¼ 47)
Standardized
Difference

Age (yrs) 19.9 (15.8–28.9) 26.3 (18.9–39.9) 0.58*

Weight (kg) 56.5 ! 13.5 65.8 ! 17.6 0.59*

Male (%) 53.1 66.0 0.26

Genetic syndrome (%) 18.8 10.6 -0.23

History of severe infectious
disease (%)

9.4 8.5 -0.03

History of endocarditis (%) 6.3 2.1 -0.20

Pacemaker/defibrillator (%) 6.3 10.6 0.16

Congenital heart diseases (%)

Conotruncal malformation 81.3 68.1

Ross procedure 9.4 21.3

TGA 3.1 0.0

PA-IVS/PVS 3.1 4.3

DORV 3.1 6.4

RVOT (%)

Native RVOT 3.1 25.5

Bioprosthesis 9.4 23.4

Homograft 25.0 31.9

Conduits 62.5 19.2

RVOT lesion (%)

Stenosis 84.4 50.0

Regurgitation 0.0 35.7

Mixed 15.6 14.3

Pre-stenting (%) 90.6 93.6 0.11

1-stage PPVI (%) 87.5 87.2 0.01

No. of stents (%)

0 9.4 6.4

1 90.6 85.1

2 0.0 6.4

4 0.0 2.1

Type of stent (%)

EV3 Intrastent LD MAX 62.1 68.2

Andrastent XXL 3.5 6.8

Cheatham-Platinum stent 34.5 22.7

Sinus XL 0.0 2.3

Valve diameter (%)

18 mm 21.9

20 mm 53.1 4.2

22 mm 25.0

23 mm 2.1

26 mm 63.8

29 mm 25.5

Valve post-dilation (%) 46.9 8.5 -0.94*

Procedure duration (min) 83 (71–118) 95 (79–121) 0.21

Fluoroscopy time (min) 20.4 (17.4–28.8) 30 (22.7–40.9) 0.45

Dose–length product
(mGy$m2)

7,895 (3,573–13,535) 11,647 (7,353–26,749) 0.55

Severe procedural
complications (%)

0.0 4.3 -0.30

Continued on the next page
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Infective Endocarditis Risk After
Percutaneous Pulmonary Valve
Implantation With the Melody
and Sapien Valves
Sebastien Hascoet, MD,a Lucia Mauri, MD,a Caroline Claude, MD,a Emmanuelle Fournier, MD,a Julie Lourtet, MD,b

Jean-Yves Riou, MD,c Philippe Brenot, MD,c Jérôme Petit, MDa

ABSTRACT

OBJECTIVES This study compared the risk of infective endocarditis (IE) after percutaneous pulmonary valve

implantation (PPVI) with the Sapien and Melody valves.

BACKGROUND The incidence of IE after PPVI is estimated at 3% per year with the Melody valve. The Sapien valve is a

more recently marketed valve used for PPVI.

METHODS We retrospectively included consecutive patients who underwent PPVI at a single center between 2008 and
2016. IE was diagnosed using the modified DUKE criteria.

RESULTS PPVI was performed in 79 patients (Melody valve, 40.5%; Sapien valve, 59.5%). Median age was 24.9 years

(range 18.1 to 34.6). IE occurred in 8 patients (10.1%) at a median of 1.8 years (minimum: 1.0; maximum: 5.6) after

surgery. Causative organisms were methicillin-sensitive Staphylococcus aureus (n ¼ 3), Staphylococcus epidermidis (n ¼ 1),

Streptococcus mitis (n ¼ 1), Aerococcus viridans (n ¼ 1), Corynebacterium striatum (n ¼ 1), and Haemophilus influenzae

(n ¼ 1). All 8 cases occurred after Melody PPVI (25.0% vs. 0.0%). The incidence of IE was 5.7% (95% confidence interval:

2.9% to 11.4%) per person-year after Melody PPVI. The Kaplan-Meier cumulative incidence of IE with Melody PPVI was

24.0% (95% confidence interval: 12.2% to 43.9%) after 4 years and 30.1% (95% confidence interval: 15.8% to 52.5%)
after 6 years, compared with 0.0% with the Sapien PPVI after 4 years (p < 0.04 by log-rank test). There was a trend

toward a higher incidence of IE in the first 20 patients with Melody PPVI (who received prophylactic antibiotics during the

procedure only) and in patients who had percutaneous interventions, dental care, or noncardiac surgery after PPVI.

CONCLUSIONS IE after PPVI may be less common with the Sapien compared with the Melody valve.

(J Am Coll Cardiol Intv 2017;10:510–7) © 2017 by the American College of Cardiology Foundation.

P ercutaneous pulmonary valve implantation
(PPVI) has emerged as an alternative to sur-
gery for reconstructing the right ventricular

outflow tract (RVOT). PPVI was first described in
2000 (1) and since then many studies have supported
its efficacy (2–13) The Melody valve (Medtronic Inc.,
Minneapolis, Minnesota) was the first valve inserted
percutaneously in humans and received European

certification in 2006 and Food and Drug Administra-
tion approval in 2010 for PPVI. The Sapien valve
(Edwards SAPIEN pulmonic transcatheter heart valve,
Edwards Lifesciences, Irvine, California) was used
initially for transcatheter aortic valve replacement
and subsequently licensed for PPVI (Europe, 2010;
and Food and Drug Administration, 2016). However,
although hemodynamic outcomes and device
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(73 of 79; 92.4%). A single stent was sufficient in all
Melody group patients, whereas in the Sapien group 4
patients required 2 to 4 stents. Pre-stenting was not
performed in 6 patients with valve-in-valve implan-
tation. Balloon post-dilation was performed in 19 of
79 patients (24.1%) and was more common in the
Melody group (46.9% vs. 6.5%, respectively). Pro-
cedure duration, fluoroscopy time, and irradiation
were higher in the Sapien valve group.

Severe procedural complications occurred in 2 pa-
tients (2.5%). One patient died of massive hemo-
thorax due to perforation of a distal pulmonary
branch during Sapien valve PPVI over a Lunderquist
guidewire. In the other patient, who had a mechanical
aortic valve, a large femoral hematoma developed

FIGURE 1 Kaplan-Meier Cumulative Incidences of Death and Pulmonary Valve Replacement and Kaplan-Meier Cumulative Incidences of Infective Endocarditis

Kaplan-Meier cumulative incidences of death and pulmonary valve replacement among patients with versus without infective endocarditis during follow-up (A) and
among patients without infective endocarditis (IE) during follow-up (B). Kaplan-Meier cumulative incidence of IE in patients with the Melody and Sapien valves
(C). Kaplan-Meier cumulative incidence of IE in patients with the Melody valve stratified per period of implantation (D) (period 1, before April 2010; period 2, after
April 2010). PPVI ¼ percutaneous pulmonary valve implantation; pulm. ¼ pulmonary.

TABLE 1 Continued

PPVI With
Melody Valve

(n ¼ 32)

PPVI With
Sapien Valve

(n ¼ 47)
Standardized
Difference

Infective endocarditis during
follow-up (%)

25.0 0.0 -0.80*

Pulmonary valve replacement
during follow-up (%)

25.0 4.3 -0.59*

Percutaneous 3.1 2.1 -0.06

Surgical 21.9 2.1 -0.63*

Death during follow-up (%) 3.1 2.1 -0.06

Values are median [interquartile range] or %. Standardized difference computed as the difference in means or
proportions divided by the SE. *Significant imbalance.

DORV ¼ double-outlet right ventricle; PA-IVS ¼ pulmonary atresia with intact ventricular septum; PPVI ¼
percutaneous pulmonary valve implantation; PVS ¼ pulmonary valve stenosis; RVOT ¼ right ventricle outflow
tract; TGA ¼ transposition of the great arteries.
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Edwards SAPIEN XT Transcatheter Heart Valve with the NovaFlex1Deliv- 
ery System. Vol. 2016.  https://www.accessdata.fda. gov/cdrh_docs/pdf13/
p130009s037d.pdf.  
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CLINICAL STATEM
ENTS  

AND GUIDELINES

the annual prevalence worldwide was ≈22 cases per 
100 000 patients.100 In a study of >500 000 military 
male recruits, 98 cases were documented.101 As many 
as 5% of patients who have objective evidence for an 
acute viral infection may have some form of myocar-
ditis.98,102 In an autopsy series from Japan, nonspecific 
myocarditis was reported in 0.11%.103 Asymptomatic 
elevations in cTn are not uncommon in vaccination 
programs104; myocarditis, with or without pericarditis, 
in smallpox vaccination programs has been reported to 
be 5 to 6 per 10 000 vaccines.105 In retrospective series 
of patients who present with dilated cardiomyopathy, 
myocarditis was implicated in 9% to 10%.8 Viral infec-
tion, defined as a detectable viral genome by reverse 
transcription–polymerase chain reaction or polymerase 
chain reaction, is likely the most common cause of lym-
phocytic myocarditis and can be found in 30% to 40% 
of cases (Figure 5).87,98,99 Viral association with myocar-
ditis may include direct myocardial infection or a cross-
reactive immunological reaction as a result of the virus, 
so-called molecular mimicry.

Clinical presentations vary widely and may include 
more nonspecific (eg, shortness of breath) to more dra-
matic (eg, sudden death) presentation observed in all 
myocarditis subtypes. (The Appendix provides further 
details on the microbiology and immunology of lym-
phocytic myocarditis.)

Treatment of lymphocytic myocarditis has been fo-
cused primarily on the myocardial consequences of the 
inflammatory injury. Various reports and case series have 
described the spontaneous recovery of LV dysfunction 
while the patient is supported on MCS.106,107; overall sur-
vival is improved if end-organ function is simultaneously 
maintained with pharmacological support or MCS. A 
number of cytokines can depress myocardial function in 
experimental models, and these may have a role in the 
pathogenesis of acute myocardial pump failure in hu-
man myocarditis. However, anti–tumor necrosis factor 
treatments did not improve outcome in acute cardio-
myopathy. The role of specific anti-inflammatory agents 
targeting interleukin-17 and interleukin-1 is under in-
vestigation. Heart transplantation can be successful for 

Figure 5. Causes of lymphocytic myocarditis. 
Diagram demonstrating the primary causes and associated subcategories of lymphocytic myocarditis. GCM indicates giant cell myocarditis; IBD, inflammatory 
bowel disease; RA, rheumatoid arthritis; and SLE, systemic lupus erythematosus. Reprinted from Trachtenberg and Hare.99 Copyright © 2017, American Heart 
Association, Inc.
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EMB, CORONARY ANGIOGRAPHY, 
AND INVASIVE HEMODYNAMICS
In the setting of cardiogenic shock, right-sided heart 
catheterization and coronary angiography are essential to 
guide management strategies. The decision to perform 
an EMB at the time of right- and left-sided heart catheter-
ization is more nuanced and depends on clinical suspicion 
for myocarditis, operator experience, and pretreatment 
with anticoagulants, antiplatelet agents, and lytic therapy. 
According to a joint statement from the AHA, American 
College of Cardiology, and ESC in 2007, there are 2 situ-
ations in which EMB should be performed (Class I indica-
tion). The first is unexplained, new-onset heart failure of 
<2 weeks’ duration that is associated with hemodynamic 
compromise, and the second is in the setting of unex-
plained new-onset heart failure between 2 weeks’ and 3 
months’ duration that is associated with a dilated LV and 
new bradyarrhythmia (Mobitz II or complete heart block), 
new ventricular arrhythmias, or a failure to respond to 
standard care within 1 to 2 weeks of diagnosis.76

In 2013, the ESC Working Group on Myocardial 
and Pericardial Disease recommended that coronary 
angiography and EMB should be considered in all pa-
tients with clinically suspected myocarditis.77 In 2016 
an AHA scientific statement confirmed and expanded 
the 2007 joint statement from the AHA, American Col-
lege of Cardiology, and ESC, stating that EMB may be 
considered in heart failure that is rapidly progressing 
when there is a high suspicion that the cause can be 
confirmed only by myocardial histology. Moreover, it 
assumes that therapy is available and effective for this 
diagnosis.3 EMB is limited by sampling error, which can 
be improved by using imaging to direct the site of the 
biopsy. Some clinicians recommend screening CMR im-
aging for evidence of myocardial edema, infiltration, 
or scarring and proceeding to EMB only if the mag-
netic resonance imaging is abnormal; LGE may persist 

despite normalization of cardiac enzymes and biomark-
ers.78 EMB can be considered the primary diagnostic 
strategy76,79 when magnetic resonance imaging is not 
possible (eg, shock, presence of metal devices) if expe-
rienced operators and cardiac pathologists are readily 
available. According to guidelines, however, indications 
for EMB would be present for most patients presenting 
with FM and are given in Figure 3.3 Further precision 
may be achieved by the use of viral genome analysis, 
immunohistology, or transcriptomic biomarkers when 
diagnostic uncertainty exists despite histology.80

EARLY INITIAL MANAGEMENT AND 
STABILIZATION AMONG PATIENTS 
WITH FM
Among patients with FM, the initial presentation is of-
ten one of cardiogenic shock. The recognition and man-
agement of this syndrome with vasoactive drugs and 
mechanical support have been reviewed extensively in 
other comprehensive reviews and scientific statements, 
including the recent document published in Circulation, 
“Contemporary Management of Cardiogenic Shock: A 
Scientific Statement From the American Heart Associa-
tion.”81–86 Figure  4 illustrates the general approach to 
the initial support of patients in cardiogenic shock. Car-
diogenic shock in FM is often accompanied by arrhyth-
mias, including atrial and ventricular tachyarrhythmias, 
bradyarrhythmia caused by heart block, syncope, and 
sudden cardiac death.87 Eighteen percent of patients 
with suspected myocarditis in the European Study of 
Epidemiology and Treatment of Inflammatory Heart 
Disease had an arrhythmia.4 Bradyarrhythmias are less 
common than tachyarrhythmias unless the myocarditis 
is caused by sarcoidosis, Chagas disease, or a systemic 
autoimmune disease.88 Exercise can trigger these ar-
rhythmias; thus, the current AHA scientific statement 

Figure 3. Indications for endomyocardial 
biopsy (EMB). 
Guideline-based algorithm for whether EMB 
is indicated. COR indicates Class of Recom-
mendation; LOE, Level of Evidence; and MRI, 
magnetic resonance imaging. *Usually a dilated 
cardiomyopathy. Fulminant myocarditis may 
have normal end-diastolic diameter with mildly 
thickened walls. Exclude ischemic, hemodynam-
ic (valvular, hypertensive), metabolic, and toxic 
causes of cardiomyopathy as indicated clinically. 
Reprinted from Bozkurt et al.3 Copyright © 
2016, American Heart Association, Inc.
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(0.03%).� Deckers� et� al� (20)� prospectively� recorded� compli-
cations from 546 consecutive right heart biopsy procedures in
patients with new-onset unexplained cardiomyopathy. These
are� the�most� reliable�data� in� the� literature� (20);� the� compli-
cation rates of sheath insertion and biopsy procedure were
reported�as�2.7%�and�3.3%,�as�noted�in�Table�1.

The death rate associated with EMB is a result of perfora-
tion�with�pericardial�tamponade�(20).�Patients�with�increased
right ventricular systolic pressures, bleeding diathesis, recent
receipt of heparin, or right ventricular enlargement seem to be
at higher risk. Echocardiography is used to confirm myocar-
dial perforation and should be done in any patient in whom
the operator believes perforation may have occurred, even
without cardiovascular collapse, before central venous access
is removed or the patient leaves the catheterization labora-
tory. Immediate pericardiocentesis and the capability to
surgically evacuate the pericardial space should be available
at centers that perform EMB.

Careful attention to technique can minimize procedural
risks. The risk of pneumothorax can be minimized by taking
a relatively high internal jugular approach and avoiding the
immediate supra-clavicular location. Patients with preexistent
left bundle-branch block may develop complete heart block
when any catheter is placed into the right ventricle and
presses� against� the� intraventricular� septum� (20).� If� this� oc-
curs, the bioptome and/or sheath must be removed, and the
patient may require temporary ventricular pacing. Rarely, the
heart block may be permanent. Lidocaine in the jugular
venous and carotid sheath may result in Horner syndrome,
vocal paresis, and, infrequently, weakness of the diaphragm.
These complications last only for the duration of the lidocaine
effect, unless permanent damage has been done by trauma
from the needle itself.

The risks of EMB depend on the clinical state of the
patient, the experience of the operator, and the availability of
expertise in cardiac pathology. If a patient with an indication
for EMB presents at a medical center where expertise in EMB
and cardiac pathology is unavailable, transfer of the patient to
a medical center with such experience should be seriously
considered. Additionally, patients with cardiogenic shock or
unstable ventricular arrhythmias may require the care of
specialists in medical and surgical management of heart

failure, including ventricular assist device placement and
potentially heart transplantation.

Analysis of EMB Tissue

EMB Processing
Samples should be obtained from !1 region of the right
ventricular septum. The number of samples obtained should
range from 5 to 10, depending on the studies to be performed,
and each sample should be 1 to 2 mm3 in size. The sample
must be handled carefully to minimize artifacts and trans-
ferred from the bioptome to fixative (10% neutral buffered
formalin) by use of a sterile needle and not with forceps
(21,22).� The� fixative� should� be� at� room� temperature� to
prevent�contraction�band�artifacts�(23).

The clinical reason for the biopsy determines how many
samples are removed and how they are fixed. In general, at
least 4 to 5 samples are submitted for light microscopic
examination, but more may be submitted for transmission
electron microscopy if the clinical question is anthracycline
cardiotoxicity�(22,24,25).�Transmission�electron�microscopy
may also be helpful for the assessment of suspected infiltra-
tive disorders such as amyloidosis, glycogen storage diseases,
lysosomal storage diseases, and occasionally viral myocardi-
tis. For transmission electron microscopy, pieces are fixed in
4% glutaraldehyde at room temperature at the time of EMB
(22).�One�or�more�pieces�may�be�frozen�for�molecular�studies,
immunofluorescence, or immunohistochemistry that may be
required for suspected myocarditis, storage diseases, tumor
typing,�amyloid�classification,�or�viral�genome�analysis�(26).
Pieces of myocardium can be snap-frozen in OCT-embedding
medium and stored at "80°F for immunohistochemical or
liquid nitrogen molecular studies. Flash-freezing is suitable
for culture, polymerase chain reaction (PCR), or reverse
transcriptase PCR (rtPCR) for the identification of viruses,
but flash-freezing is not ideal for standard histological prep-
aration because of ice crystal artifacts and cell culture.

Light Microscopic Examination and Stains
For routine light microscopy examination, EMB tissue is
embedded in paraffin, and serial sections are obtained and
sequentially�numbered�(23).�For�suspected�myocarditis,�many
laboratories will stain every third piece for hematoxylin and
eosin and the middle 2 pieces for Movat or elastic trichrome
stain to visualize collagen and elastic tissue. Many laborato-
ries also routinely stain 1 slide for iron on men and all
postmenopausal women, regardless of the indication for EMB
(23).�Congo�red�staining�may�be�performed�on�10-�to�15-!m
sections to rule out amyloidosis. The remaining slides are
usually preserved for immunohistochemistry.

Molecular Biological Detection of Viral
Genomes
Recent advances in quantitative (qPCR) and qualitative
(nested PCR) molecular techniques can detect fewer than 10
gene copies of viral pathogens in the myocardium. These
highly sensitive techniques provide both challenges and
opportunities. The clinical impact on prognosis and treatment

Table 1. Risks Associated With Endomyocardial Biopsy in
546 Procedures

Overall 33 complications (6%)

Sheath insertion 15 (2.7%)

12 (2.0%) arterial puncture during local anesthesia

2 (0.4%) vasovagal reaction

1 (0.2%) prolonged venous oozing after sheath removal

Biopsy procedure 18 (3.3%)

6 (1.1%) arrhythmia

5 (1.0%) conduction abnormalities

4 (0.7%) possible perforation (pain)

3 (0.5%) definite perforation (pericardial fluid)

2 of 3 patients with definite perforation died

Data�derived� from�Deckers�et�al� (20).

1916 Cooper et al. JACC Vol. 50, No. 19, 2007
Endomyocardial Biopsy in Cardiovascular Disease November 6, 2007:1914–31
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EMB, CORONARY ANGIOGRAPHY, 
AND INVASIVE HEMODYNAMICS
In the setting of cardiogenic shock, right-sided heart 
catheterization and coronary angiography are essential to 
guide management strategies. The decision to perform 
an EMB at the time of right- and left-sided heart catheter-
ization is more nuanced and depends on clinical suspicion 
for myocarditis, operator experience, and pretreatment 
with anticoagulants, antiplatelet agents, and lytic therapy. 
According to a joint statement from the AHA, American 
College of Cardiology, and ESC in 2007, there are 2 situ-
ations in which EMB should be performed (Class I indica-
tion). The first is unexplained, new-onset heart failure of 
<2 weeks’ duration that is associated with hemodynamic 
compromise, and the second is in the setting of unex-
plained new-onset heart failure between 2 weeks’ and 3 
months’ duration that is associated with a dilated LV and 
new bradyarrhythmia (Mobitz II or complete heart block), 
new ventricular arrhythmias, or a failure to respond to 
standard care within 1 to 2 weeks of diagnosis.76

In 2013, the ESC Working Group on Myocardial 
and Pericardial Disease recommended that coronary 
angiography and EMB should be considered in all pa-
tients with clinically suspected myocarditis.77 In 2016 
an AHA scientific statement confirmed and expanded 
the 2007 joint statement from the AHA, American Col-
lege of Cardiology, and ESC, stating that EMB may be 
considered in heart failure that is rapidly progressing 
when there is a high suspicion that the cause can be 
confirmed only by myocardial histology. Moreover, it 
assumes that therapy is available and effective for this 
diagnosis.3 EMB is limited by sampling error, which can 
be improved by using imaging to direct the site of the 
biopsy. Some clinicians recommend screening CMR im-
aging for evidence of myocardial edema, infiltration, 
or scarring and proceeding to EMB only if the mag-
netic resonance imaging is abnormal; LGE may persist 

despite normalization of cardiac enzymes and biomark-
ers.78 EMB can be considered the primary diagnostic 
strategy76,79 when magnetic resonance imaging is not 
possible (eg, shock, presence of metal devices) if expe-
rienced operators and cardiac pathologists are readily 
available. According to guidelines, however, indications 
for EMB would be present for most patients presenting 
with FM and are given in Figure 3.3 Further precision 
may be achieved by the use of viral genome analysis, 
immunohistology, or transcriptomic biomarkers when 
diagnostic uncertainty exists despite histology.80

EARLY INITIAL MANAGEMENT AND 
STABILIZATION AMONG PATIENTS 
WITH FM
Among patients with FM, the initial presentation is of-
ten one of cardiogenic shock. The recognition and man-
agement of this syndrome with vasoactive drugs and 
mechanical support have been reviewed extensively in 
other comprehensive reviews and scientific statements, 
including the recent document published in Circulation, 
“Contemporary Management of Cardiogenic Shock: A 
Scientific Statement From the American Heart Associa-
tion.”81–86 Figure  4 illustrates the general approach to 
the initial support of patients in cardiogenic shock. Car-
diogenic shock in FM is often accompanied by arrhyth-
mias, including atrial and ventricular tachyarrhythmias, 
bradyarrhythmia caused by heart block, syncope, and 
sudden cardiac death.87 Eighteen percent of patients 
with suspected myocarditis in the European Study of 
Epidemiology and Treatment of Inflammatory Heart 
Disease had an arrhythmia.4 Bradyarrhythmias are less 
common than tachyarrhythmias unless the myocarditis 
is caused by sarcoidosis, Chagas disease, or a systemic 
autoimmune disease.88 Exercise can trigger these ar-
rhythmias; thus, the current AHA scientific statement 

Figure 3. Indications for endomyocardial 
biopsy (EMB). 
Guideline-based algorithm for whether EMB 
is indicated. COR indicates Class of Recom-
mendation; LOE, Level of Evidence; and MRI, 
magnetic resonance imaging. *Usually a dilated 
cardiomyopathy. Fulminant myocarditis may 
have normal end-diastolic diameter with mildly 
thickened walls. Exclude ischemic, hemodynam-
ic (valvular, hypertensive), metabolic, and toxic 
causes of cardiomyopathy as indicated clinically. 
Reprinted from Bozkurt et al.3 Copyright © 
2016, American Heart Association, Inc.
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EMB, CORONARY ANGIOGRAPHY, 
AND INVASIVE HEMODYNAMICS
In the setting of cardiogenic shock, right-sided heart 
catheterization and coronary angiography are essential to 
guide management strategies. The decision to perform 
an EMB at the time of right- and left-sided heart catheter-
ization is more nuanced and depends on clinical suspicion 
for myocarditis, operator experience, and pretreatment 
with anticoagulants, antiplatelet agents, and lytic therapy. 
According to a joint statement from the AHA, American 
College of Cardiology, and ESC in 2007, there are 2 situ-
ations in which EMB should be performed (Class I indica-
tion). The first is unexplained, new-onset heart failure of 
<2 weeks’ duration that is associated with hemodynamic 
compromise, and the second is in the setting of unex-
plained new-onset heart failure between 2 weeks’ and 3 
months’ duration that is associated with a dilated LV and 
new bradyarrhythmia (Mobitz II or complete heart block), 
new ventricular arrhythmias, or a failure to respond to 
standard care within 1 to 2 weeks of diagnosis.76

In 2013, the ESC Working Group on Myocardial 
and Pericardial Disease recommended that coronary 
angiography and EMB should be considered in all pa-
tients with clinically suspected myocarditis.77 In 2016 
an AHA scientific statement confirmed and expanded 
the 2007 joint statement from the AHA, American Col-
lege of Cardiology, and ESC, stating that EMB may be 
considered in heart failure that is rapidly progressing 
when there is a high suspicion that the cause can be 
confirmed only by myocardial histology. Moreover, it 
assumes that therapy is available and effective for this 
diagnosis.3 EMB is limited by sampling error, which can 
be improved by using imaging to direct the site of the 
biopsy. Some clinicians recommend screening CMR im-
aging for evidence of myocardial edema, infiltration, 
or scarring and proceeding to EMB only if the mag-
netic resonance imaging is abnormal; LGE may persist 

despite normalization of cardiac enzymes and biomark-
ers.78 EMB can be considered the primary diagnostic 
strategy76,79 when magnetic resonance imaging is not 
possible (eg, shock, presence of metal devices) if expe-
rienced operators and cardiac pathologists are readily 
available. According to guidelines, however, indications 
for EMB would be present for most patients presenting 
with FM and are given in Figure 3.3 Further precision 
may be achieved by the use of viral genome analysis, 
immunohistology, or transcriptomic biomarkers when 
diagnostic uncertainty exists despite histology.80

EARLY INITIAL MANAGEMENT AND 
STABILIZATION AMONG PATIENTS 
WITH FM
Among patients with FM, the initial presentation is of-
ten one of cardiogenic shock. The recognition and man-
agement of this syndrome with vasoactive drugs and 
mechanical support have been reviewed extensively in 
other comprehensive reviews and scientific statements, 
including the recent document published in Circulation, 
“Contemporary Management of Cardiogenic Shock: A 
Scientific Statement From the American Heart Associa-
tion.”81–86 Figure  4 illustrates the general approach to 
the initial support of patients in cardiogenic shock. Car-
diogenic shock in FM is often accompanied by arrhyth-
mias, including atrial and ventricular tachyarrhythmias, 
bradyarrhythmia caused by heart block, syncope, and 
sudden cardiac death.87 Eighteen percent of patients 
with suspected myocarditis in the European Study of 
Epidemiology and Treatment of Inflammatory Heart 
Disease had an arrhythmia.4 Bradyarrhythmias are less 
common than tachyarrhythmias unless the myocarditis 
is caused by sarcoidosis, Chagas disease, or a systemic 
autoimmune disease.88 Exercise can trigger these ar-
rhythmias; thus, the current AHA scientific statement 

Figure 3. Indications for endomyocardial 
biopsy (EMB). 
Guideline-based algorithm for whether EMB 
is indicated. COR indicates Class of Recom-
mendation; LOE, Level of Evidence; and MRI, 
magnetic resonance imaging. *Usually a dilated 
cardiomyopathy. Fulminant myocarditis may 
have normal end-diastolic diameter with mildly 
thickened walls. Exclude ischemic, hemodynam-
ic (valvular, hypertensive), metabolic, and toxic 
causes of cardiomyopathy as indicated clinically. 
Reprinted from Bozkurt et al.3 Copyright © 
2016, American Heart Association, Inc.
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and ESC position statement15 recommend that patients 
with acute myocarditis do not participate in competitive 
sports in the setting of ongoing inflammation. Arrhyth-
mias in these patients can be the result of edema or 
scar, and most studies suggest that patients with LGE on 
CMR are more likely to have ventricular arrhythmias.89–91

Patients may present in an unstable condition, brought 
in by emergency medical services from home or in trans-
fer from another facility. For patients who are in cardiac 
arrest or a pulseless arrhythmia, initial management fol-
lows the current AHA guidelines for advanced cardiac 
life support, beginning with a focus on circulation, air-
way, and breathing. Guidelines recently have consistent-
ly focused on high-quality chest compressions.83 In the 
emergency department setting, management is geared 
toward resuscitation and stabilization as a definitive di-
agnosis is simultaneously explored. For institutions with-
out advanced heart failure surgical and medical man-
agement capabilities, including expertise in myocarditis 
management, consideration for transfer from the emer-
gency department directly to a tertiary referral hospital 

is warranted. Initial stabilization requires hemodynamic 
and, if needed, respiratory support to maintain adequate 
tissue perfusion and end-organ oxygen delivery. Thus, 
sufficient stabilization, including mechanical circulatory 
support (MCS) devices or extracorporeal life support 
(ECLS), may be needed. Initial ancillary testing in the 
emergency department is summarized in Table 2. Testing 
should include a venous blood gas for pH, lactate (which 
can be run rapidly and offers a snapshot of the patient’s 
perfusion and ventilation status), complete blood count, 
and basic metabolic panel, as well as total and frac-
tionated bilirubin, alanine transaminase, and aspartate 
transaminase, for early signs of right-sided heart failure. 
Cardiac biomarkers minimally including cTn and BNP (B-
type natriuretic peptide) or NT-proBNP (N-terminal pro-
BNP) should be sent to confirm the presence of increased 
myocardial wall stress and evidence of myonecrosis.

The emergency department staff should be aware 
of hospital resources and consider transfer to a tertiary 
facility with expertise in advanced circulatory support 
and transplantation if early signs of circulatory failure 

Figure 4. General approach to initial stabilization of patients in cardiogenic shock. 
ACS indicates acute coronary syndrome; CABG, coronary artery bypass grafting procedure; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic bal-
loon pump; MCS, mechanical circulatory support; PCI, percutaneous coronary intervention; and VAD, ventricular assist device. Reprinted from van Diepen et al.86 
Copyright © 2017, American Heart Association, Inc.

D
ow

nloaded from
 http://ahajournals.org by on January 8, 2020

Circ 2020 



Traitement(
ce(qui(est(discuté(…(

((
Immunoglobulines(
An4(inflammatoires(

An4viraux(
Immunosuppresseurs(

(



SYSTEMATIC REVIEW
published: 15 November 2019
doi: 10.3389/fped.2019.00430

Frontiers in Pediatrics | www.frontiersin.org 1 November 2019 | Volume 7 | Article 430

Edited by:

Giuseppe Limongelli,

Second University of Naples, Italy

Reviewed by:

Marco Merlo,

University of Trieste, Italy

Meena Nathan,

Harvard Medical School,

United States

*Correspondence:

Bing He

hb0701@sina.com

Specialty section:

This article was submitted to

Pediatric Cardiology,

a section of the journal

Frontiers in Pediatrics

Received: 22 May 2019

Accepted: 07 October 2019

Published: 15 November 2019

Citation:

He B, Li X and Li D (2019)

Immunosuppressive Treatment for

Myocarditis in the Pediatric

Population: A Meta-Analysis.

Front. Pediatr. 7:430.

doi: 10.3389/fped.2019.00430

Immunosuppressive Treatment for
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The use of immunosuppressants in the treatment of myocarditis in children remains

controversial. The aim of this meta-analysis is to summarize the current empirical

evidence for immunosuppressive treatment for myocarditis in the pediatric population.

We searched PubMed, MEDLINE, and Embase for articles to identify studies analyzing

the efficiency of immunosuppressive treatment in the pediatric population. Pooled

estimates were generated using fixed- or random-effect models. Heterogeneity within

studies was assessed using Cochran’s Q and I2 statistics. Funnel plots and Begg’s rank

correlation method were constructed to evaluate publication bias. Sensitivity analyses

were also conducted to evaluate the potential sources of heterogeneity. After a detailed

screening of 159 studies, six separate studies were identified, with 181 patients in the

immunosuppressive treatment group, and 199 in the conventional treatment group. The

immunosuppressive treatment group showed a significant improvement in left ventricular

ejection fraction (LVEF) [mean difference 1.10; 95% CI: 0.41, 1.79] and significantly

decreased left ventricular end-diastolic dimension (LVEDD) [mean difference −0.77mm,

95% CI: −1.35 to −0.20mm] when compared to the conventional treatment group.

Furthermore, the risk of death and heart transplant in conventional treatment was

significantly higher than in the immunosuppressive treatment group [relative risk (RR):

4.74; 95% CI: 2.69, 8.35]. No significant heterogeneity across the studies was observed.

There was no evidence of publication bias when assessed by Begg’s test.

Conclusions: There may be a possible benefit, in the short term, to the

addition of immunosuppressive therapy in the management of myocarditis in the

pediatric population. However, further prospective investigation is warranted to validate

this finding.

Keywords: immunosuppressive treatment, myocarditis, pediatric, cardiac function, meta-analysis

INTRODUCTION

Acute myocarditis is an inflammatory cardiac disease in children. Acute myocarditis is common in
the developing countries (1), with about 20% of children admitted to hospital with heart failure due
to acute myocarditis (2).

The mortality of myocarditis was reported to be about 23–50% (3). The pathogenesis of viral
myocarditis is now recognized to have three distinct phases (4). Among the three distinct phases,
the autoimmune phase is believed to play a major role in the pathogenesis of viral myocarditis, and
the use of immunosuppressive agents may be useful in myocarditis.
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TABLE 1 | Characteristics of studies included in the meta-analysis.

Study N Age Study

methodology

IMSA IMSA dosage, time of

IMSA start

Follow-up Observed

variables

Inclusion criteria

Camargo et al.

(9)

50 5 months−15

years

PNCT P, CyA P & A: 2.5 mg/kg/d, 1

week; 2.0 mg/kg/d, 3

weeks; 1.5 mg/kg/d, 4

weeks

Cy: 1.5 mg/kg/d, 1 week;

1.0 mg/kg/d, 7 weeks;

0.5 mg/kg/d, 1 week

8.4±1.2 months LVEDD, LVEF,

PWP, CI, HR

Active myocarditis based

on EMB findings

Aziz et al. (6) 68 3.7 ± 2.9

years

RCT P 2 mg/kg/d, 1 month 15.1±9.2

months

LVEDD, LVESD,

LVEF

Duration of symptoms

for<3 months and

continued LV failure and

reduced EF

Drucker et al. (7) 46 – CCT IVIG 2,000 mg/kg 24 h; 1,000

mg/kg/d, 1 weeks

10.5±2.1

months

LVFS, LVEDD,

death

Acute (<3 months) onset

of congestive heart failure

and echocardiographic

documentation of

diminished LV function

and EMB

Bhatt et al. (8) 83 4.4 ± 3.2

years

PNCT IVIG 400 mg/kg/d, 5 days - LVEF, death Had viral infection with

fever of < 2 weeks’

duration; developed acute

and severe heart failure

after this illness; evidence

of LV dysfunction on

echocardiography EF<

40%; no previous or family

history of cardiomyopathy

Gagliardi et al.

(10)

114 36.6 ± 42.8

months

CCT P, Cy P: 2 mg/kg/d, 1 month;

0.5 mg/kg/d, 6 months;

Cy: 6–8 mg/kg/d until

blood concentration

reached 170–210 ng/cm3

13 years LVEF, LVEDV,

death

Congestive heart failure

patients received right

cardiac characterization

and EMB

Camargo et al.

(11)

10 42.1 ± 18.9

months

CCT P, A 2.5 mg/kg, 4 weeks; 1.5

mg/kg, 4 weeks (both

drugs)

9 months LVEF, CI, death Patients presenting with

dilated cardiomyopathy

who were clinically stable,

under ambulatory care,

with LVEF between 15

and 30%

PNCT, prospective non-controlled trial; RCT, randomized controlled trial; CCT, case–control study (including historical controls); IMSA, immunosuppressive agent; P, prednisolone; CyA,

cyclosporine; A, azathioprine; IVIG, intravenous immunoglobulin G; LVEF, left ventricular ejection fraction; LVEDD, left ventricular diastolic dimension diameter; LVESD, left ventricular

systolic dimension diameter; PWP, pulmonary wedge pressure; HR, heart rate; LVFS, left ventricular fractional shortening; CI, cardiac index, EMB, endomyocardial biopsy.

group was significantly higher than in the immunosuppressive
treatment group (RR: 4.74; 95% CI: 2.69, 8.35). The was no
heterogeneity among these studies (Q test; I2 = 0.0%, p = 0.965)
(Figure 4), and a fixed-effects model was used. There was no
evidence of publication bias when assessed by Begg’s test (p =
0.256; Table 3).

Sensitivity Analyses
The sensitivity analysis results suggested that no individual
studies significantly affected the pooled effect of the association
between immunosuppressive treatment and the LVEF, LVEDD,
and risk of death and heart transplantation, indicating our
statistically robust results.

Endomyocardial Biopsy
EMB is the gold standard for the diagnosis of myocarditis. We
tried to do subanalysis separately for diagnosis using EMB and

diagnosis based on symptoms and LVEF. Only three included
studies diagnosed myocarditis with EMB (7, 9, 10). As shown
in Figure 5A, LVEF increase was significantly higher in the
group with diagnosis based on EMB (mean difference 1.10; 95%
CI: 0.41, 1.79). LVEDD significantly decreased in the group
with diagnosis based on EMB (mean difference −0.98, 95% CI:
−1.67, −0.30 vs. mean difference −0.27, 95% CI: −1.33, 0.79;
Figure 5B). Moreover, the risk of death or heart transplantation
in the group with diagnosis based on EMBwas significantly lower
than in the diagnosis based on symptoms (RR: 4.57, 95% CI: 2.57,
8.12 vs. RR: 5.93, 95% CI: 0.82, 42.96; Figure 5C).

DISCUSSION

This meta-analysis focused on the efficiency of
immunosuppressive treatment in the pediatric population with
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The use of immunosuppressants in the treatment of myocarditis in children remains

controversial. The aim of this meta-analysis is to summarize the current empirical

evidence for immunosuppressive treatment for myocarditis in the pediatric population.

We searched PubMed, MEDLINE, and Embase for articles to identify studies analyzing

the efficiency of immunosuppressive treatment in the pediatric population. Pooled

estimates were generated using fixed- or random-effect models. Heterogeneity within

studies was assessed using Cochran’s Q and I2 statistics. Funnel plots and Begg’s rank

correlation method were constructed to evaluate publication bias. Sensitivity analyses

were also conducted to evaluate the potential sources of heterogeneity. After a detailed

screening of 159 studies, six separate studies were identified, with 181 patients in the

immunosuppressive treatment group, and 199 in the conventional treatment group. The

immunosuppressive treatment group showed a significant improvement in left ventricular

ejection fraction (LVEF) [mean difference 1.10; 95% CI: 0.41, 1.79] and significantly

decreased left ventricular end-diastolic dimension (LVEDD) [mean difference −0.77mm,

95% CI: −1.35 to −0.20mm] when compared to the conventional treatment group.

Furthermore, the risk of death and heart transplant in conventional treatment was

significantly higher than in the immunosuppressive treatment group [relative risk (RR):

4.74; 95% CI: 2.69, 8.35]. No significant heterogeneity across the studies was observed.

There was no evidence of publication bias when assessed by Begg’s test.

Conclusions: There may be a possible benefit, in the short term, to the

addition of immunosuppressive therapy in the management of myocarditis in the

pediatric population. However, further prospective investigation is warranted to validate

this finding.
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INTRODUCTION

Acute myocarditis is an inflammatory cardiac disease in children. Acute myocarditis is common in
the developing countries (1), with about 20% of children admitted to hospital with heart failure due
to acute myocarditis (2).

The mortality of myocarditis was reported to be about 23–50% (3). The pathogenesis of viral
myocarditis is now recognized to have three distinct phases (4). Among the three distinct phases,
the autoimmune phase is believed to play a major role in the pathogenesis of viral myocarditis, and
the use of immunosuppressive agents may be useful in myocarditis.

•  Groupe d’enfants avec immunosuppresseurs 
amélioration significative: 
–  Fraction d’éjection VG 
–  Diamètre télédiastolique VG 
–  Diminution décès et transplantation 

•  MAIS: 1 seule étude RCT, effectifs faibles, 
follow-up court 
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when using IVIG. More randomized studies focused on IVIG
treatment in the pediatric population with myocarditis are
needed in the future.

This meta-analysis shows new insights that an autoimmune
mechanism is largely responsible in the pathogenesis of acute
myocarditis and perhaps has at least a theoretical role for
immunosuppression in pediatric patients. However, the results
still need to be confirmed by larger multicenter randomized
studies in the future.

Limitations
The included studies had small sample sizes, and only six
studies are included in the present study, of which only one
is an RCT study; this might result in a lack of statistical
power to detect a significant difference in the treatment effect.
Moreover, we were able to ascertain publication bias in only
four of six studies, which means only four of six studies’ data
could be merged, which may have impacted the analysis of the
findings of this meta-analysis. Due to the included studies’ lack
of long-term follow-up (only two studies had median follow-
up > 1 year), their inferences can only be applied to short-
term outcomes. In this meta-analysis, we couldn’t provide exact
data of viral genome and histologic type, because the included
studies didn’t report these data even if this information was
important to the therapy and prognosis. RCTs in the future

should pay more attention to the viral genome and histologic
type data. In addition, we tried to do subanalysis related
to RCTs on the efficiency of immunosuppressive treatment
in the pediatric population. Meta-analysis was not possible,
because only one relevant study was found. Although the
results confirm a good outcome of the immunosuppressive
treatment, the results seem to be not so feasible and should be
interpreted cautiously.

CONCLUSIONS

The present meta-analysis suggests that immunosuppressive
treatment in the short term may significantly improve LVEF,
reduce LVEDD, and reduce the risk of death and heart transplant
in pediatric population with myocarditis. Although this meta-
analysis reported beneficial outcomes with immunosuppressive
therapy, the results have to be interpreted cautiously because only
one RCT was included in this meta-analysis; more large-scale
RCTs are required in the future.
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The use of immunosuppressants in the treatment of myocarditis in children remains

controversial. The aim of this meta-analysis is to summarize the current empirical

evidence for immunosuppressive treatment for myocarditis in the pediatric population.

We searched PubMed, MEDLINE, and Embase for articles to identify studies analyzing

the efficiency of immunosuppressive treatment in the pediatric population. Pooled

estimates were generated using fixed- or random-effect models. Heterogeneity within

studies was assessed using Cochran’s Q and I2 statistics. Funnel plots and Begg’s rank

correlation method were constructed to evaluate publication bias. Sensitivity analyses

were also conducted to evaluate the potential sources of heterogeneity. After a detailed

screening of 159 studies, six separate studies were identified, with 181 patients in the

immunosuppressive treatment group, and 199 in the conventional treatment group. The

immunosuppressive treatment group showed a significant improvement in left ventricular

ejection fraction (LVEF) [mean difference 1.10; 95% CI: 0.41, 1.79] and significantly

decreased left ventricular end-diastolic dimension (LVEDD) [mean difference −0.77mm,

95% CI: −1.35 to −0.20mm] when compared to the conventional treatment group.

Furthermore, the risk of death and heart transplant in conventional treatment was

significantly higher than in the immunosuppressive treatment group [relative risk (RR):

4.74; 95% CI: 2.69, 8.35]. No significant heterogeneity across the studies was observed.

There was no evidence of publication bias when assessed by Begg’s test.

Conclusions: There may be a possible benefit, in the short term, to the

addition of immunosuppressive therapy in the management of myocarditis in the

pediatric population. However, further prospective investigation is warranted to validate

this finding.
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INTRODUCTION

Acute myocarditis is an inflammatory cardiac disease in children. Acute myocarditis is common in
the developing countries (1), with about 20% of children admitted to hospital with heart failure due
to acute myocarditis (2).

The mortality of myocarditis was reported to be about 23–50% (3). The pathogenesis of viral
myocarditis is now recognized to have three distinct phases (4). Among the three distinct phases,
the autoimmune phase is believed to play a major role in the pathogenesis of viral myocarditis, and
the use of immunosuppressive agents may be useful in myocarditis.

SYSTEMATIC REVIEW
published: 15 November 2019
doi: 10.3389/fped.2019.00430

Frontiers in Pediatrics | www.frontiersin.org 1 November 2019 | Volume 7 | Article 430

Edited by:

Giuseppe Limongelli,

Second University of Naples, Italy

Reviewed by:

Marco Merlo,

University of Trieste, Italy

Meena Nathan,

Harvard Medical School,

United States

*Correspondence:

Bing He

hb0701@sina.com

Specialty section:

This article was submitted to

Pediatric Cardiology,

a section of the journal

Frontiers in Pediatrics

Received: 22 May 2019

Accepted: 07 October 2019

Published: 15 November 2019

Citation:

He B, Li X and Li D (2019)

Immunosuppressive Treatment for

Myocarditis in the Pediatric

Population: A Meta-Analysis.

Front. Pediatr. 7:430.

doi: 10.3389/fped.2019.00430

Immunosuppressive Treatment for
Myocarditis in the Pediatric
Population: A Meta-Analysis
Bing He*, Xiaoou Li and Dan Li

Department of Pediatrics, Renmin Hospital of Wuhan University, Wuhan, China

The use of immunosuppressants in the treatment of myocarditis in children remains

controversial. The aim of this meta-analysis is to summarize the current empirical

evidence for immunosuppressive treatment for myocarditis in the pediatric population.

We searched PubMed, MEDLINE, and Embase for articles to identify studies analyzing

the efficiency of immunosuppressive treatment in the pediatric population. Pooled

estimates were generated using fixed- or random-effect models. Heterogeneity within

studies was assessed using Cochran’s Q and I2 statistics. Funnel plots and Begg’s rank

correlation method were constructed to evaluate publication bias. Sensitivity analyses

were also conducted to evaluate the potential sources of heterogeneity. After a detailed

screening of 159 studies, six separate studies were identified, with 181 patients in the

immunosuppressive treatment group, and 199 in the conventional treatment group. The

immunosuppressive treatment group showed a significant improvement in left ventricular

ejection fraction (LVEF) [mean difference 1.10; 95% CI: 0.41, 1.79] and significantly

decreased left ventricular end-diastolic dimension (LVEDD) [mean difference −0.77mm,

95% CI: −1.35 to −0.20mm] when compared to the conventional treatment group.

Furthermore, the risk of death and heart transplant in conventional treatment was

significantly higher than in the immunosuppressive treatment group [relative risk (RR):

4.74; 95% CI: 2.69, 8.35]. No significant heterogeneity across the studies was observed.

There was no evidence of publication bias when assessed by Begg’s test.

Conclusions: There may be a possible benefit, in the short term, to the

addition of immunosuppressive therapy in the management of myocarditis in the

pediatric population. However, further prospective investigation is warranted to validate

this finding.

Keywords: immunosuppressive treatment, myocarditis, pediatric, cardiac function, meta-analysis

INTRODUCTION

Acute myocarditis is an inflammatory cardiac disease in children. Acute myocarditis is common in
the developing countries (1), with about 20% of children admitted to hospital with heart failure due
to acute myocarditis (2).

The mortality of myocarditis was reported to be about 23–50% (3). The pathogenesis of viral
myocarditis is now recognized to have three distinct phases (4). Among the three distinct phases,
the autoimmune phase is believed to play a major role in the pathogenesis of viral myocarditis, and
the use of immunosuppressive agents may be useful in myocarditis.
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supportive mechanical therapies such as a pacemaker 
should be considered. In the future, mechanistic studies 
may inform proper risk stratification and optimal man-
agement strategies. Recent case reports indicate a pos-
sible role for abatacept or alemtuzumab for severe cases 
of ICI-associated myocarditis.175a,175b

CONCLUSIONS AND FUTURE 
DIRECTIONS
FM is an underdiagnosed syndrome with multiple 
causes that may respond to pathogenesis-specific im-
munomodulatory therapy. For example, although most 
inflammatory FM cases are treated with high-dose ste-
roids, the pathogenetic basis of the FM such as NEM, 
GCM, or ICI dictates the other therapeutic agents that 
are likely to be active against the given subtype of FM. 
Patients who recover from FM should abstain from com-
petitive sports for at least 3 to 6 months because of the 
risk of ventricular arrhythmias triggered by inflamma-
tion. The current ESC scientific statement recommends 
a minimum of 6 months after symptom onset before 
evaluation for return to sport.15 The AHA scientific state-
ment recommends that after 3 to 6 months, patients 

with normal exercise tolerance test, echocardiogram, 
and Holter monitor may resume competitive sports..5 
Understanding the fundamental biology leading to a 
given autoimmune response will help us learn how to 
more precisely treat these potentially deadly syndromes 
with a high degree of specificity. The cardinal features 
include rapidly progressive heart failure and cardiogenic 
shock, as well as electric instability, including sudden 
death. Early evaluation and management are important 
to distinguish FM from other forms of acute circulatory 
compromise, including ischemic heart disease, stress-in-
duced cardiomyopathy, acute tamponade, and the car-
diomyopathy of pregnancy. Individualized management 
strategies that provide the optimal chance of recovery 
depend on early recognition usually guided by EMB.

 However, the diagnosis should be made rapidly with 
a high index of suspicion such that full circulatory support 
can be implemented by an expert team to prevent multi-
organ system failure, which increases the risk of death or 
survival with a severe disability. Patients presenting with 
FM are not the typical critically ill patients seen in the of-
fice or emergency department. They are typically younger 
and healthier (and hence have a robust immune system), 
present with atypical manifestations of myocardial isch-
emia and organ system failure, and often because of their 

Table 7. Major Myocarditis Subtypes Resulting in a Fulminant Presentation

Subtype H&E Findings Clinical Manifestations Treatment

Fulminant lymphocytic 
myocarditis

Extensive dense lymphocytic infiltrate 
with associated myonecrosis. May have 
occasional isolated multinucleated giant 
cells or eosinophils.

Acute heart failure rapidly leading 
to cardiogenic shock, conduction 
abnormalities, or ventricular 
arrhythmias/SCD. Chest pain.

Treatment is primarily supportive; circulatory 
support as needed to prevent MOSF. Some 
evidence that in the absence of cardiotropic 
viral genome by PCR, steroids may be helpful

GCM Extensive mixed inflammatory infiltrate 
characterized by the presence of several 
multinucleated giant cells (usually 
present after 1–2 wk), eosinophils, 
monocytes, and macrophages in the 
absence of noncaseating granulomas. 
Edema and extensive myonecrosis often 
present.

Acute heart failure caused by systolic 
dysfunction, myocardial restriction, 
or both. Conduction abnormalities, 
including CHB and EMD; ventricular 
arrhythmias, including sustained VT/VF 
and SCD. Tends to comigrate with other 
autoimmune diseases.

Treatments consists of multimodality therapy 
and should be implemented after a tissue 
diagnosis has been confirmed. Usual therapy 
includes a combination of a high-dose 
steroids, a calcineurin inhibitor (such as 
cyclosporine), and an antimetabolite such 
as azathioprine. Cytolytic therapy (purified 
rabbit-derived polyclonal IgG directed at 
human thymocytes) used for suppression of 
life-threatening GCM has been reported.

Acute NEM Extensive inflammatory infiltration of 
the myocardium with mononuclear cells 
and eosinophils. Associated myonecrosis 
or fibrosis. On EM, may see eosinophil 
degranulation and deposition of major 
basic protein.

Acute heart failure/cardiogenic 
shock. May present with a restrictive 
cardiomyopathy. Prothrombotic 
intracardiac state. Peripheral 
eosinophilia may or may not be 
present. Recent viral infection or new 
medication.

Identify potential precipitant, especially if a 
drug hypersensitivity (Table 5). High-dose 
steroids. Anticoagulation. Often presents 
with ST-segment elevations and chest 
pain mimicking an ST-segment–elevation 
myocardial infarction. Rapid angiography, 
EMB with subsequent circulatory support, 
and initiation of high-dose intravenous 
corticosteroids can be lifesaving.

ICI myocarditis Newly identified lymphocytic myocarditis 
resulting from the introduction of 
novel chemotherapeutic agents that 
unleash inhibited antitumor T cells, 
which also may infiltrate and attack 
the myocardium. Histopathology 
consistent with lymphocytic infiltrate 
and myocardial necrosis.

Acute heart failure, cardiogenic shock, 
and atrial fibrillation developing 
soon after ICI therapy is started and 
generally more severe with combination 
ICI therapy. Typically occurs early in 
treatment and has a fulminant course.

Treatment includes immediate cessation 
of therapy, high-dose corticosteroids (1 g 
solumedrol intravenously daily for 3 d and 
then 2 mg/kg prednisone daily to start, 
followed by a slow wean) and initiation of 
an angiotensin receptor blocker or sacubitril/
valsartan. May initially need MCS.

CHB indicates complete heart block; EM, electron microscopy; EMB, endomyocardial biopsy; EMD, electromechanical dissociation; GCM, giant cell myocarditis; 
H&E, hematoxylin and eosin; ICI, immune checkpoint inhibitor; IgG, immunoglobulin G; MCS, mechanical circulatory support; MOSF, multiorgan system failure; 
NEM, necrotizing eosinophilic myocarditis; PCR, polymerase chain reaction; SCD, sudden cardiac death; and VT/VF, ventricular tachyarrhythmia/ventricular fibrillation.

D
ow

nloaded from
 http://ahajournals.org by on January 8, 2020



Kindermann et al. JACC 2012 



Pronos4c(
• Bon(pronos4c(

– Myocardite(ac4ve(
–  Fonc4on(VG(préservée(

• Myocardite(fulminante(
–  Très(bon(pronos4c(à(long(terme(si(on(passe(la(
phase(aigue(vivante(

–  Complète(récupéra4on(possible(

• Mauvais(pronos4c(
– Dysfonc4on(VD,(PAP(élevée,(syncope,(PA(basse,(Fc(
élevée,(QRS(>(120(msec…(

(


