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ABSTRACT
Aim. In COVID-19 Pandemic, a new hyperinfl ammatory syndrome was reported with clinical features of Kawasaki 
disease, named PIMS-TS. We want to present a single center experience where the patients were diagnosed with 
Kawasaki-like in PIMS-TS with cardiac affl iction. 
Material and method: The study was observational and retrospective, enrolled 14 patients fulfi lling the criteria of 
PIMS-TS with the median age of 9 (IQR, 1.6-11), 9 male (64.2 %) and 5 female (35.8 %). 
Results: ECG revealed tachycardia and ST-T changes in 60% of patients. In evolution, ECG modifi ed in 20% and 
consisted of long QT in 7% of cases, bradycardia in 7%, 3% transitory sick sinus syndrome and 3% grade I/II degree 
atrio-ventricular block. Cardiac disfunction was evidenced in 4 patients (28%), with reduced ejection fraction under 
50%, mitral insuffi ciency in 6 (42.8%), pericardial fl uid in 8 (57.1%) and perivascular brightness in 8 (57.1%). The 
cardiac biomarkers: NT-proBNP (increased in 9), cTroponin T (increased in 7) and cTroponin I (increased in 5) 
confi rmed heart dysfunction. During the hospitalization and under medical treatment, all the modifi cations recover. 
Evolution was good for 12 children.
Conclusions: Cardiac dysfunction and myocardial injury were confi rmed by elevated cardiac biomarkers. Rapid 
recognition allows prompt treatment for a good outcome. NT-proBNP, cTroponin T and I are of capital signifi cance 
in monitoring the myocardial injury, the treatment and evolution of these patients. 
Keywords: PIMS-TS, Kawasaki-like disease, multisystemic hyperinfl ammatory syndrome, cardiac biomarkers, 
SARS-CoV-2.

Rezumat
Scop: În timpul pandemiei de COVID-19 s-a raportat un nou sindrom hiperinfl amator multisistemic pediatric, 
similar cu boala Kawasaki, denumit PIMS-TS. Prezentăm experiența unui singur centru unde au fost diagnosticați 
pacienți cu boală Kawasaki-like din PIMS-TS cu afectare cardiacă.
Material și metodă: Studiul a fost observațional și retrospectiv, înrolând 14 pacienți cu criterii de PIMS-TS, cu 
vârsta medie de 9 ani (IQR, 1,6-11), 9 băieți (64,2%) și 5 fete (35,8%). 
Rezultate: ECG a relevat tahicardie și modifi cări de segment ST-T în 60% din cazuri. În evoluție, ECG s-a modifi cat 
la 20% din pacienți, înregistrându-se QT lung în 7% din cazuri, bradicardie în 7%, 3% au prezentat disfuncție de nod 
sinusal tranzitorie și 3% bloc atrioventricular de grad I/II. A fost prezentă disfuncție cardiacă la 4 pacienți (28%), cu 
fracție de ejecție sub 50%, insufi ciență mitrală la 6 (42,8%), pericardită lichidiană la 8 (57,1%) și hiperecogenitate 
perivasculară la 8 pacienți (57,1%). Biomarkerii cardiaci: NT-proBNP (crescuți la 9 pacienți), cTroponina T (crescuți 
la 7 pacienți) și cTroponina I (crescuți la 5 pacienți) au confi rmat disfuncția cardiacă. Pe perioada spitalizării, sub 
tratament medicamentos, toate modifi cările s-au recuperat. Evoluția a fost favorabilă pentru 12 pacienți. 
Concluzii: Disfuncția cardiacă și injuria miocardică au fost confi rmate prin valori crescute ale biomarkerilor cardiaci. 
Recunoașterea timpurie permite inițierea promptă a tratamentului, cu rezultate favorabile. NT-proBNP, cTroponina 
T și I sunt de importanță capitală în monitorizarea injuriei miocardice, a efi cacității medicatiei și evoluției acestor 
pacienți.
Cuvinte cheie: PIMS-TS, boală Kawasaki-like, sindrom hiperinfl amator multisistemic, biomarkeri cardiaci, SARS-
CoV-2.
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tion (CDC) and World Health Organization (WHO) 
simultaneously defi ned this disease as Multisystem In-
fl ammatory Syndrome in children (MIS-C)6,7. A new 
defi nition came from Canada, similar to the one the 
RCPCH elaborated. In theory, the aspects defi ned by 
all were akin, with minor differences, except for the 
proof of COVID-19 infection, which was mandatory in 
the WHO defi nition and CDC and not necessary for 
RCPCH and Canadian Pediatric Surveillance Program 
(CPSP)8. The defi nitions from all these organizations 
are mentioned in Table 1.

The clinical features in PIMS are comparable to 
Kawasaki disease, but also to incomplete Kawasaki 
disease, which is why we made a comprehensive com-
parison in Table 2. following the criteria proposed by 
American Heart Association (AHA)9. 

There are some overt differences between KD and 
PIMS, after the defi nitions proposed by RCPCH, CDC 
and WHO, which are mentioned in Table 3. 

AIM
We want to present a single center experience, from 
the west part of Romania, where patients were ad-
mitted between April 2020 until April 2021 with: fever 
for more than 5 days, features of Kawasaki Disease, 
complete or incomplete, various organ dysfunction 
and hyperinfl ammation, criteria related to PIMS-TS, 
after the RCPCH defi nition at that time. The study 
was observational and retrospective.

MATERIAL AND METHODS
A lot of 14 patients were admitted to the IIIrd Pedia-
tric Clinic from the Emergency Hospital for Children 
„Louis Turcanu”, Timisoara, Romania between April 
2020 – April 2021, fulfi lling the criteria for PIMS-TS. 
The patients were examined clinically, by ECG, Echo-
cardiography, cardio-pulmonary Xray and abdominal 
ultrasound and had laboratory investigations done, 

INTRODUCTION
A highly contagious Corona virus disease was descri-
bed in Wuhan, China in 2019 and it was involved in 
producing a severe acute respiratory syndrome, na-
med SARS-CoV2 or Corona virus disease, COVID-19. 
This viral infection was extremely contagious, affecting 
mainly the elderly, people with comorbidities such as 
diabetes, hypertension, obesity, with an increased risk 
for death in these categories, in contrast with children 
in which the infection was mild. Hardly any children 
developed pneumonia, acute respiratory failure or 
sepsis with indication for PICU admission and treat-
ment.

In April 2020, journals in England informed abo-
ut an increase number of children with fever, hype-
rinfl ammatory syndrome, clinical features similar to 
Kawasaki disease, toxic shock syndrome, macrophage 
activation, gastro-intestinal, neurologic and multiorgan 
involvement. It seemed to be a new infl ammatory di-
sease in children with diverse clinical features1. Soon 
after, France signaled the same problem2,3. Italy also 
confi rmed an impressive number of Kawasaki-like pa-
tients admitted into hospitals with hyperinfl ammato-
ry syndrome and multisystem involvement4. In April 
2020, the National Health Service from England was 
the fi rst institution in Europe to defi ne the syndro-
me as Pediatric Infl ammatory Multisystem Syndrome 
(PIMS) temporally associated with SARS-CoV-2 infec-
tion, or PIMS-TS. The Royal College of Pediatrics and 
Child Health (RCPCH), from England, defi ne PIMS and 
elaborate a guideline5. They established the disease as 
persistent fever accompanied by infl ammation, evi-
dence of single or multiorgan dysfunction, with full or 
partial criteria for Kawasaki Disease, after exclusion of 
other microbial cause, toxic shock syndrome, where 
the confi rmation of SARS-CoV-2 infection was a de-
fi ning criterion. Across the ocean, the situation was 
similar. The Center for Disease Control and Preven-

Table 1. Comparison between the defi nitions of PIMS-TS established by RCPCH and CPSP and MIS-C defi ned by 
CDC and WHO
Organization RCPCH CPSP CDC WHO

Name PIMS-TS PIMS-TS MIS-C MIS-C

Age of child Child < 18 years < 21 years 0-19 years 

Fever-duration Not specifi ed > 3 days > 24 h > 3 days

Infl ammation + + + +

Organs affected 1 or multiple Not specifi ed, but affected ≥ 2 ≥ 2

Exclusion of other causes Must Must Must Must

Proof of the SARS-CoV-2 infection Not necessary Not necessary Necessary Necessary
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at admittance and when necessary, followed up daily. 
Left ventricle ejection fraction was performed using 
Teicholz and Simpson methods, with a normal range 
≥50% and severe impairment <30%. The myocardial 
performance index was also performed for left ven-
tricle function. Mitral annular plane systolic excursion 
(MAPSE) and tricuspid annular systolic plane excursi-
on (TAPSE) were used to quantify the ventricular lon-
gitudinal function10. For the LV diastolic function, pulse 
wave mitral E/A and mitral E/E’ with tissue Doppler, 
were measured. Mitral regurgitation was quantifi ed in 
color Doppler, pulse and continuous wave Doppler. 
Coronary Artery Z score was calculated after mea-
suring the left, right, circumfl ex and left anterior des-
cending coronary arteries in 2D11. Pericardial fl uid was 
measured, to reveal small, medium or large amounts 
of fl uid.

Collected data were analyzed using Microsoft Excel 
and referred to as numbers and percentages. For con-
tinuous data, inter quartile range (IQR) was used, to 

including cardiac biomarkers: NT-proBNP, cTroponin 
T and I, CPK-MB. Blood, urine and selective cerebro-
spinal fl uid were collected, to exclude other viral in-
fections such as: Ebstein Barr virus, Adenovirus, Cox-
sackie virus, Cytomegalovirus, Parvovirus, Enterovi-
rus or bacterial infections. Interleukin 6 and Soluble 
receptor for interleukin 2 were collected from the 
beginning to confi rm vasculitis and macrophage activa-
tion syndrome. The panel of laboratory investigations 
included: Complete blood count, CRP, ESR, Fibrino-
gen, Procalcitonin, blood gas with lactate, LDH, Coa-
gulation, D-dimer, Ferritin, Triglycerides, TGO, TGP, 
amylase, glucose. All the patients were tested RT-PCR 
for SARS-CoV-2 infection at admittance and if the re-
sult came back negative, we collected IgG antibodies 
against SARS-CoV-2. 

The ECGs were performed on a Schiller AT10 ma-
chine with 12 leads, at admittance and in some cases 
were repeated daily. Echocardiography was perfor-
med with Vivid E9 GE and Toshiba Aplio XG machine, 

Table 2. Diagnostic criteria for KD and incomplete KD, proposed by AHA
Kawasaki Disease (KD) Incomplete Kawasaki Disease

Fever ≥5 days + 4 from 5 criteria: Fever ≥5 days + <4 criteria of classic KD

 Bilateral aseptic conjunctivitis And CRP ≥30 mg/dl, ESR ≥40 mm/h

 Erythema and cracking lips, strawberry tongue With positive echocardiography 

 Rash, erythroderma, erythema multiform like Or 3 from the following:

 Unilateral lymphadenopathy  Anemia 

 Erythema and edema of the hands and feet  WBC ≥ 15.000/mm3

 Thrombocytes ≥450.000/mm3 after 7 days 

 Albumin ≤3 g/dl

 ALT elevated

 Urine ≥10 WBC/hpf

Table 3. Clinical features and laboratory fi ndings in Kawasaki Disease children compared with PIMS patients
Clinical feature/Lab Kawasaki Disease PIMS

Age of child at presentation <5 years old 7-8 years old

Gastro-intestinal symptoms +/- +++

Cardiac dysfunction + ++

Coagulopathy +/- ++

Macrophage activation syndrome (MAS) +/- ++

Shock +/- ++

CRP ++ ++++

Ferritin +/- ++

DDimers + ++

Cardiac biomarkers: NT-proBNP, Troponin I + ++

Thrombocytopenia Rare ++
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in the remaining 13 patients with Kawasaki-like from 
PIMS. 

At admission, fever was present in all patients and 
evidence of organ involvement was noted. In our 
cohort, organ involvement was represented by: the 
brain, in 9 patients (64.2%), with neurological signs: 
seizure 1 case (7,1%), aseptic meningitis 1 case (7.1%), 
marked restlessness due to cerebral vasculitis in 8 
cases (57.1%), headache 2 cases (14.2%); the gastro-
intestinal tract, involved in 9 cases (64.2%), with vomi-
ting and diarrhea 1 case (7.1%), nausea and vomiting in 
1 case (7.1%) and the remaining patients with diarrhea 
and abdominal pain; the skin tissue with rash due to 
vasculitis was found in 9 patients (64.2%); the respira-
tory tract involvement appeared in 2 patients (14.2%), 
expressed by respiratory distress due to pneumonia; 
the osteo-articular system, involved in 2 cases with 
symptomatic arthralgia (14.2%); 4 patients presented 
aseptic conjunctivitis at the beginning (28.5%). All data 
is disclosed in Figure 4. 

defi ne median value, obtaining the highest and lowest 
result.

RESULTS
The 14 patients with PIMS-TS from this study had 
the median age of 9, (IQR, 1.6-11) a minimal age of 4 
months and a maximal age of 16 years old. Under the 
age of 5 there were 5 patients (35.7%), the remaining 
patients were over the age of 6 (64.3%) (Figure 1).

From this lot of patients, 9 children were male, 
64.2% and 5 were female, representing 35.8% (Figure 
2). 

All these patients presented with fever for more 
than 5 days. The clinical features corresponded with 
Kawasaki Disease in one case only and Incomplete 
Kawasaki, or Kawasaki-like, a new terminology used 
to cover this clinical spectrum, in the remaining 13 
cases (Figure 3). The clinical aspect of complete Kawa-
saki disease consisted of: aseptic conjunctivitis due to 
vasculitis, red and cracked lips, strawberry tongue, 
unilateral latero-cervical lymph node, rash, edema of 
the hands and feet, picture which was not consistent 

Figure 1. Age related cases.

Figure 2. Gender distribution.

Figure 3. Patients with PIMS and Kawasaki-like clinical features (from 
left to right, upper and lower row: aseptic conjunctivitis, red and cracked 
lips, unilateral latero-cervical lymph node, rash, edema of the hands). 
From our personal collection.

Figure 4. Clinical symptoms at admission.
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the perivascular brightness (Figure 7). During hospi-
talization and under medical treatment, all the altera-
tions recovered in time, except for the perivascular 
brightness which persisted at discharge. The patients 
were monitored after discharge, weekly, to look for 
coronary artery dilatation and/or aneurisms, which 
were not found. 

Regarding the SARS-CoV-2 infection, the RT-PCR 
(real time polymerase chain reaction) test was positi-
ve in one case only (7.1%). The remaining 13 patients 
were RT-PCR negative for Covid at admittance and 
were tested for SARS-CoV-2 IgG antibodies which 
were positive in 5 patients (35.7%) and negative in the 
remaining 8 patients (57.14%). 

The laboratory investigations at admittance were 
collected for a general panel, but also focused on PIMS 
and on possible complications as macrophage activati-
on syndrome. The most important laboratory investi-
gations are described in Table 4. 

Of the entire lot, 8 cases, which represent 57.1%, 
developed a severe complication, macrophage ac-
tivation syndrome (MAS). The diagnosis was made 
based on high ferritin level >684 ng/ml, and two of 
the following: platelet count ≤181000/mm3, aspartate 
aminotransferase (AST/TGO) >48 U/L, triglycerides 
>156 mg/dl, fi brinogen ≤360 mg/dl12. The confi rma-
tion came in 7 patients, 50%, where soluble receptor 
for Interleukin 2 was very high (median value 8749 
kU/l; IQR, 1543-11383 kU/l), considering the normal 
range between 158-623 kU/l (Table 5). The 8th patient, 
due to the severity of his clinical status and evolution, 
the soluble receptor for Interleukin 2 was not collec-
ted. Thrombocytopenia was a sign of severe disease 
in Kawasaki-like patients. The infl ammatory probes 

Cardiac examination was clinical, ECG and Echocar-
diography. At the clinical examination, in the Emergen-
cy Department, almost all patients were tachycardic 
due to fever and anxiety. One patient had an uncor-
rected heart malformation, atrioventricular septal 
defect, complicated with heart failure and pulmonary 
hypertension. No signifi cant modifi cations on blood 
pressure were registered at admittance. ECG was 
performed in all patients, where tachycardia and ST-T 
changes were detected in 60% of children. In evolu-
tion, abnormal ECG was detected in 20% of patients 
and consisted of long QT in 7% of cases, bradycardia 
in 7% of children, 3% transitory sick sinus syndrome 
and 3% grade I/II degree atrio-ventricular block (Fi-
gure 5). All these modifi cations normalized upon dis-
charge. Echocardiography was performed in 100% of 
patients and revealed cardiac disfunction in 4 patients, 
28% of children, with reduced ejection fraction under 
50%, mitral insuffi ciency in 6 patients, 42.8% of cases, 
pericardial fl uid in 8 patients, representing 57.1% of 
cases and perivascular brightness also in 8 patients, 
representing 57.1% of cases (Figure 6). No coronary 
artery dilatation or aneurysms were found, except for 

Figure 5. ECG changes during hospitalization in 6 patients.

Figure 6. Cardiological involvement in Kawasaki-like from PIMS in CO-
VID-19 Pandemic in our cohort, after admission.

Figure 7. Echocardiography: parasternal short axis through aorta – 
perivascular brightness with normal coronary arteries.
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were positive. The CRP (C reactive protein) was in-
creased in 12 patients (85.7%), with median 135.5 mg/
dl (IQR, 17-260 mg/dl) as a marker of infl ammation. 
It was confi rmed by increased ESR. Fibrinogen, also 
an infl ammatory marker, was increased in 3 patients 
(21.4%), normal in 5 patients (35.7%) and decreased 
in 6 patients (42.8%). Ferritin was increased in 10 
patients (71.42%) due to the hyperinfl ammation and 

macrophage activation syndrome (median1460 ng/ml; 
IQR, 651-320859 ng/ml). The D-dimers were increa-
sed in almost all patients (92.8%), with one exception 
(median 3347 ng/ml; IQR, 278-69000 ng/ml). All data 
is mentioned in Table 4. 

Cardiac biomarkers were collected in almost all, 
with some exceptions, marked in Table 5. NT-proBNP, 
biomarker for heart failure was increased in 9 patients 

Table 4. Laboratory investigations related with treatment
Patient CRP

< 5 mg/dl
Ferritin
20-200 
ng/ml

D-dimer
< 250 
ng/ml

Fibrinogen
200-400 mg/dl

IgG Antibody 
against

SARS-CoV-2
< 33 BAU

IVIG Steroids Anticoagulant Inotrope 
medication

1. 128 895 6215 633 0.13 + +

2. 78 132 3578 310 0.54 +

3. 260 792 8657 529 - + + + +

4. 17 67 209 240 0.61 + +

5. 3.43 98 278 238 60 + + +

6. 107 651 3228 279 14.4 +

7. 165.59 980 3080 148 8.4 + + +

8. 232 1870 3347 509 4.84 + + + +

9. 143 1612 409 362 76 + + +

10. 258 1314 660 162 251 + + +

11. 72.63 100000 3404 23 0,2 + + +

12. 0.6 17105 11987 107 716 + + +

13. 159 330859 69000 100 5 + +

14. 73.73 143 992 169 1420 + +

Table 5. Cardiac biomarkers, IL6 and Soluble receptor IL2 in our cohort
Patient 
nr.

NT-proBNP
pg/ml
NV depending on age

cTroponin T
NV<14 pg/ml

cTroponin I
NV<34.2 pg/ml

CK MB
NV<5 ng/ml

IL6
NV<7 pg/ml

Soluble receptor 
IL2
NV 158-623 kU/l

1. 339.4 4.59 0.6 0.49 3.06 -

2. 468.8 8.39 - - 38.41 -

3. 3101 34 36.2 2.15 162.3 11000

4. 131 30.31 19.9 1.41 - -

5. 124 40.49 27.4 - 4.27 -

6. 27408 92.36 190.7 <0.18 44.44 6599

7. 7188 9.24 7.4 <0.18 251.56 11383

8. 14922 81 186 - 403 -

9. 6437 64.62 147.6 0.57 51.93 4842

10. 11972 18.7 25 0.58 74 9689

11. - - - - 468275 8749

12. 11043 - 848 - 13.96 -

13. 74 4.5 3 - 12.51 1543

14. 67 <3 <0.1 - 29.04 -
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case (Figure 11). Soluble receptor for interleukin 2, a 
marker to confi rm the macrophage activation syndro-
me, discussed above, was collected in only 7 patients 
(50%), and was positive for all of them, data mentio-
ned in Figure 12.

Clinical features correlated with cardiological ex-
plorations, laboratory investigations and cardiac bio-
markers aided us in the treatment decision for the-
se patients, data corroborated in Table 4. Based on 

(64.2%), with median 7188 pg/ml (IQR, 339.4-27408 
pg/ml), normal in 4 patients (28.5%) and missed in one 
very severe case who deceased shortly after admissi-
on (Figure 8). The second cardiac biomarker deter-
mined was cTroponin T, a protein released when the 
cardiac muscle is damaged. The values were increased 
in 7 patients (50%), with median 40.49 pg/ml (IQR, 
18.7-92.36 pg/ml), normal in 5 patients (35.7%) and 
missed in the 2 most severe admitted cases (14.2%) 
(Figure 9). We decided to compare cTroponin T with 
cTroponin I at admittance, so blood samples were 
collected for cTroponin I also, which was increased 
in 5 patients (35.7%), with median 186 pg/ml (IQR, 
36.2-848 pg/ml), normal in 7 patients (50%) and not 
collected in 2 patients (14.2%), data that is mentioned 
in Figure 10. CPK-MB (creatine phosphokinase MB), 
cardiac fraction of CPK (creatin phosphokinase), to 
detect myocarditis was collected in 7 patients (50%), 
and was negative in all. 

Interleukin-6 determination, to demonstrate cyto-
kine storm, was increased in 11 cases (78.5%), with 
median 118.15 pg/ml (IQR, 38.41-468275 pg/ml), 
normal in 2 cases (14.2%) and not collected in one 

Figure 8. NT-proBNP values at admittance in our cohort.

Figure 9. cTroponin T values at admission in our cohort.

Figure 10. Troponin I values at admission.

Figure 11. Interleukin IL6 at admittance.

Figure 12. Soluble receptor for Interleukin IL2.
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DISCUSSIONS
Since the pandemic occurred, COVID-19 infection 
affected many adults, but a small number of children, 
all of them with mild or lacking symptoms13. Despi-
te that, a new affl iction appeared, weeks from the 
COVID infection, very similar to Kawasaki disease, 
but accompanied by a hyperinfl ammatory syndrome 
affecting multiple systems of the body, mediated by a 
cytokine storm14. The RCPCH named this disease for 
the fi rst time as PIMS-TS and soon after, WHO and 
CDC defi ned and named this affection as: MIS-C5-7. 
Cardiac involvement is a hallmark in all these patients, 
with the clinical aspect of Kawasaki disease, complete 
or incomplete, named Kawasaki-like, associated with 
other multiple organ involvement, hyperinfl ammation, 
toxic shock syndrome and/or macrophage activation 
syndrome, due to the cytokine storm4,15.

Different articles mentioned the cardiac affl iction 
in PIMS-TC/MIS-C in small or large cohorts of chil-
dren4,16-23. The article of Verdoni mentioned that in the 
Italian epicenter of COVID in 2020, the incidence of 
Kawasaki disease increased 30-fold, it mainly affected 
older children than usual for Kawasaki disease, it in-
duced myocardial injury and it could affect multiple 
organs due to a hyperinfl ammatory syndrome4. Belha-
djer in another study of 35 patients with the same 
new illness, described cardiac disfunction with posi-
tive cardiac biomarkers, but with moderate increase 
in values and rapid resolution to normal, concluding 
that the heart failure was not determined by a real 
myocarditis16. Wittaker in his study on 58 children de-
scribes the differences between Kawasaki disease and 
MIS-C17. A very large study conducted by Valverde in 
2020, based on a European survey, describes the myo-
cardial involvement in PIMS, in a percentage of 93%, 
arrhythmia was present in 35% of children and shock 
in 40% of children18. Myocarditis could not be argued 
because the ventricular systolic function recovered 
very quickly, cardiac biomarkers, despite high values, 
stabilized rapidly, active COVID-19 infection could 
not be proven, no myocardial biopsy was necessary, 
and all of the clinical pictures were in the context of 
multisystem infl ammatory involvement18. In their co-
hort, coronary artery involvement was present in 24% 
of children. 

Our cohort of 14 cases comes to complete a clini-
cal picture of Kawasaki-like disease in the context of 
PIMS in the west part of our country. Each pediatric 
hospital has its own patient particularities22-24. Regar-
ding age, we separated the patients into groups, the 

the above, twelve children got steroid treatment at 
admittance, meaning 85.7% out of these patients, to 
slow down the infl ammatory syndrome. First, we used 
Dexamethasone, but in some cases, it was replaced 
with pulse therapy with Methylprednisolone. During 
this time the lab tests were expected. From this group, 
only 5 children (35.7%) treated with steroids alone 
developed a favorable outcome. The rest of 7 chil-
dren needed to associate intravenous immunoglobulin 
(IVIG). A total number of 9 patients were treated with 
IVIG representing 64.2%. Only 2 patients out of whi-
ch one with clinical features of Kawasaki disease and 
the other with Kawasaki-like, were treated from the 
beginning with IVIG and aspirin, with a very good res-
ponse. The dose of IVIG was 2 g/kg/day administered 
in one or two consecutive days. From our group, 7 
patients (50%) received IVIG after steroid treatment. 

Anticoagulation was necessary in 11 cases (78.57%), 
and was not administrated in 3 patients. The anticoagu-
lant used was low molecular weight heparin (LMWH) 
in prophylactic dose and was administrated in patients 
with high value of D-dimers. Before discharge, low 
dose Aspirin, 3-5 mg/kg/day was introduced in parallel 
with LMWH. The latter was stopped at discharge. Pa-
tients were discharged with low dose Aspirin, which 
was maintained until normalization of the thrombocy-
te count.

Inotrope medication such as Dopamine or Dobu-
tamine was necessary for 4 patients (28.5%). Out of 
these patients, 2 cases had a severe evolution towards 
exitus. Epinephrine was administrated in 2 cases with 
vasodilatory shock secondary to ventricular dysfuncti-
on in evolution. In patients with sepsis, empiric broad 
spectrum antibiotics were administered fi rst, which 
were afterward replaced in accordance with the an-
tibiogram.

The outcome of our patients was favorable with 
two exceptions. One patient with uncorrected heart 
malformation, complete atrio-ventricular septal de-
fect, with heart failure, pulmonary hypertension, 
Kawasaki-like disease, hyperinfl ammatory syndrome, 
cytokine storm, multisystem involvement and macro-
phage activation, died despite all efforts. The second 
patient was admitted in a very poor condition, with 
hyperinfl ammatory syndrome, cytokine storm, macro-
phage activation syndrome, with severe low thrombo-
cyte count and bleeding, periorbital ecchymosis, sepsis 
and shock, with no response to any treatment.
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changes in 60% of patients, higher than in the Euro-
pean study where it was 20%, but the same with the 
report from the UK18,24. We stated changes in ECG 
during hospitalization with long QT in 7% of patients, 
also higher than in other studies (4.5%), bradycardia in 
7% of patients, not mentioned in other studies, tachy-
brady arrhythmia in 3% of patients, also not menti-
oned, and grade I/II degree atrio-ventricular block in 
3%, higher than in literature where it varies between 
1.7-2.1%18,24-26. The ECG stabilized before discharge in 
all studies, like our fi ndings. 

Echocardiography revealed a reduction in ejection 
fraction in 28% of patients, lower than the data col-
lected from EU centers, where it was 34%, and much 
lower than in England, where it was 80%, but the re-
covery was the same during hospitalization in almost 
all centers18,24,27. Mitral insuffi ciency was documented 
in all the studies with varying percentage values. Peri-
cardial fl uid was mentioned in 18% along Europe, but 
we found a higher value of 57.1%. The most interes-
ting fi ndings were the coronary arteries that were not 
affected in our study, compared with the report from 
England, where 93% of patients presented coronary 
artery abnormalities as: prominent, dilated or ane-
urysmal changes. Valverde reported the data collected 
from 55 centers along 17 European countries as: 24.1 
% of coronary artery dilatation, affecting in order, the 
left main coronary artery in 16.4%, left anterior des-
cending in 14%, right coronary artery in 11.9% and cir-
cumfl ex artery in 4.6%. Coronary artery echogenicity 
was described in a small number of patients by Henri-
na, however we found a study in which the perivascu-
lar brightness is present in 80% of the patients22,25. 

The SARS-CoV-2 infection was positive in 6 out of 
14 patients in our cohort, despite the clinical picture 
and biological investigations that were similar in the 
remaining 8 children from the study.

This was also mentioned by the study of Valverde, 
where detection was positive in 65% of the 286 pati-
ents18. This is particular for Europe and Canada, where 
patients with criteria of Kawasaki-like and PIMS are 
accepted with or without proof of COVID infection. 
WHO and CDC do not recognize MIS-C without a 
positive RT-PCR or SARS-CoV-2 Antibodies6,7,23. We 
think that the RCPCH defi nition is more permissive 
and recommends treatment for patients with clinical 
features of PIMS with or without proof of COVID in-
fection, which will promptly improve the clinical out-
come of the patients.

All patients were tested for regular laboratory in-
vestigations, however special tests in order to detect 

fi rst one contained patients between the ages of 0 and 
5 years, where 5 patients were included, the smallest 
of the group being 4 months old and the second group 
consisted of patients over the age of 6, where there 
were 9 patients, the oldest of which was 16 years old. 

This separation in two groups could delineate the 
Kawasaki disease from Kawasaki-like from PIMS. 
Kawasaki Disease is characteristic for small children 
whereas, Kawasaki-like from PIMS includes older chil-
dren with similar, but incomplete, clinical aspect as 
Kawasaki disease. In our cohort only one patient met 
the criteria for Kawasaki disease and was included in 
the 0-5 year age group, the remaining 13 patients were 
Kawasaki-like disease, with clinical signs consisting 
with the criteria elaborated by RCPCH, CDC, WHO, 
CPSP5-8. 

From this lot of patients, 9 children were male, 64.2 
% and 5 were female, representing 35.8 % (Figure 2). 
In literature we found male dominance in varying per-
centage, between 51-73%4,17,18,23,24, similar to our study.

At admission all patients presented fever, for more 
than 5 days, which did not respond to antipyretic 
drugs. There is a 100% similarity with all the other 
reports18,23. One patient fulfi lled all clinical criteria for 
Kawasaki-disease, but the others, had only incomplete 
clinical features of Kawasaki. When referring to mul-
tiorgan involvement, the gastro-intestinal tract was 
affected in 64.2% with abdominal pain, nausea, diar-
rhea and vomiting, similar with the Valverde report 
in which gastro-intestinal involvement was 71.3%18. 
Neurological involvement was present in the same 
percentage, 64.2%, with: seizure, aseptic meningitis, 
marked anxiety, agitation and headaches. Compared 
with the European (EU) study on 286 children with 
MIS-C where neurological changes occurred in 15% 
of children, the percentage in our cohort was higher18. 
The skin involvement with rash due to vasculitis was 
found in 9 patients (64.2%), similar with the EU study, 
62.6%18. The respiratory tract involvement appeared 
in 2 patients (14.2%), less than in EU, where it was 
21.7%. The osteo-articular system, involved in 2 ca-
ses with symptomatic arthralgia (14.2%) and is less 
frequent compared with other studies. The same situ-
ation is with patients presenting aseptic conjunctivitis 
at onset (28.5%), lower than in EU study, where the 
percentage is 54.5%18. We found a similar percentage 
to the EU study in oral mucosa congestion and cervi-
cal lymphadenopathy18. Tachycardia was present in all 
patients at admission due to fever and anxiety. This 
was revealed on ECG at admission together with ST-T 
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found in literature a letter to the editor of Ravelly in 
which, the assumption was that a value of ≥ 10.000 ng/
ml has the highest sensibility and specifi city for MAS12. 
We had 3 values over 10 000 ng/ml (17105 – 100000 
– 330859 ng/ml) considered to be with high sensibility 
and specifi city for MAS, but the confi rmation of MAS 
came from the Soluble Receptor for IL2, which was 
positive in all 7 cases, with a median of 8749 ng/ml 
(IQR, 4842-6158 ng/ml). The same data were men-
tioned by Hayden, Lin and Singh in their articles31-33. 
Interleukin 6 was positive in 11 children, with very 
high values, with a mean of 118,15 pg/ml (IQR, 38.41 
– 468275 pg/ml) to confi rm the cytokine storm, which 
was at the base of macrophage activation syndrome, 
confi rmed in 7 cases from our study. One case who 
succumbed could not be evaluated for Soluble recep-
tor for IL2, due to the severity of the disease at admit-
tance. D-dimer were increased with one exception. 

The treatment was started with corticotherapy: 
Dexamethasone or Metylprednisolone to reduce the 
infl ammation in 12 patients. Two patients were treated 
from the beginning with IVIG and Aspirin, having clini-
cal features of Kawasaki disease in one and Kawasaki-
like in the other, both with good evolution. When the 
response to corticotherapy was not the one expected, 
with persistence of fever and clinical features of Kawa-
saki-like disease, IVIG was administered. This combi-
nation was given to 7 patients. Unexpectedly, 5 pati-
ents had a very good evolution on steroid treatment 
alone and did not need IVIG administration. MAS was 
confi rmed in 7 patients, in which corticotherapy was 
maintained until infl ammation was subdued. Throm-
bocytes were evaluated and Aspirin was maintained at 
a low dose, until thrombocytes stabilized. Broad spec-
trum antibiotics were associated when necessary. An-
ticoagulation was done with LMWH and maintained 
until DDimer normalization. Cardiac inotropes were 
introduced in 4 patients out of which two deceased 
due to heart failure and severe MAS. Epinefrine was 
necessary in the same four patients. The treatment 
was in accordance with the WHO, CDC, RCPCH 
indications, American College of Rheumatology and 
with Minnesota protocol5-7,34-36. Under treatment, the 
outcome was favorable with two exceptions. We did 
not fi nd coronary artery aneurysms during the disease 
and after discharge, no thrombotic event, but we de-
scribed perivascular brightness in almost all patients, 
fact found in literature, as we mentioned above. 

We want to focus on 3 cases from our cohort, in 
which the diagnosis of PIMS was suspected from ad-

the cardiac involvement and macrophage activation 
syndrome, due to the hyperinfl ammation and cyto-
kine storm were also collected. The cardiac biomar-
kers were NT-proBNP, cTroponin T and cTroponin 
I. The NT-proBNP was increased in 9 children, de-
monstrating heart disfunction. Unfortunately, it was 
not collected in one very severe case that deceased 
in the fi rst 24 hours from admission due to the late 
presentation and severe multiorgan hyperinfl ammato-
ry syndrome with severe cytokine storm, with an IL6 
value of 468275 pg/ml (Normal value <7pg/ml), com-
plicated with macrophage activation syndrome confi r-
med by Soluble receptor of IL2, with a value of 8949 
kU/l (Normal value 158-623 kU/l). The NT-proBNP 
was very well correlated with cTroponinT and I, both 
increased in all the 9 cases. Between cTroponinT and 
I, much more sensitive was cTroponinI, with higher 
increased values, demonstrating cardiac injury. In two 
cases with borderline increased values of NT-proBNP, 
the cTroponin T and I were normal. CPK-MB was 
normal in all 7 children where it was collected, infi r-
ming myocarditis. Viral tests for infectious diseases 
that could affect the heart were all negative. The rapid 
normalization of the cardiac biomarkers came to con-
fi rm that heart affl iction was not secondary to myo-
carditis, in which the evolution is not so swift towards 
normalization28. In Valverde and Henrina studies, the 
peak cardiac biomarker abnormality was at admission, 
with no increase during hospitalization, fi ndings simi-
lar to our own18,25. Ten studies on the profi le of NT-
proBNP described a pooled mean of 13,590.78 pg/
ml, higher than we obtained, 7188 pg/ml25. Regarding 
cTroponin T and cTroponin I, all data from 26 studies 
with 1228 subjects demonstrated increased values and 
confi rmed cardiac injury, but with higher values of the 
pooled mean that we found25. When comparing sen-
sitivity, we found that cTroponin I had a much higher 
sensitivity value than cTroponin T, these fi ndings are 
in accordance with the data from the 26 studies25. 

The CRP and ESR were high from the beginning, 
with two exceptions. Eight cases developed Macro-
phage Activation Syndrome, a very severe complicati-
on, diagnosis based on the 2016 Classifi cation criteria 
for Macrophage Activation Syndrome complicating 
Systemic Juvenile Arthritis (ferritin level >684 ng/ml, 
and two of the following: platelet count ≤181000/mm3, 
aspartate aminotransferase (AST/TGO) >48 U/L, tri-
glycerides >156 mg/dl, fi brinogen ≤360 mg/dl)12,29,30. 
The Ferritin levels varied in our cohort between 651 
and 330859 ng/ml (Normal value 20-200 pg/ml). We 
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TGO 4209 UI/L and TGP 5601 UI/L, low Fibrinogen 
107 mg/dl, high D-dimer 11987 ng/ml and unfavorable 
outcome. The CRP in evolution remained normal, wi-
thout any explanation.

Regarding mortality in our cohort, it was higher 
than in the Valverde, where it was 1 case from 286 
patients and Vhittaker, none from 58 patients17,18. 
The explanation has to come from the severity of the 
PIMS, rapidly complicated with MAS in two particular 
patients, one with heart malformation, heart failure 
and pulmonary hypertension and one supposed to be 
immunocompromised, in which genetic tests for pri-
mary HLH were collected. These situations were not 
mentioned in the above studies.

Limitation of the study consisted in the small num-
ber of children we had and, in the impossibility to col-
lect special laboratory investigations, due to the seve-
re clinical status in some patients at admittance. 

CONCLUSIONS
PIMS-TS with Kawasaki-like disease from COVID-19 
pandemic appears to be a rare but severe syndrome 
with hyperinfl ammation and multiorgan dysfunction, 
including the heart. Cardiac dysfunction, valvular re-
gurgitation, pericardial fl uid, perivascular brightness 
and myocardial injury were confi rmed by elevated 
cardiac biomarkers. Rapid recognition allows prompt 
treatment for a favorable outcome. NT-proBNP, 
cTroponin T and I are of capital signifi cance in moni-
toring the myocardial injury, the treatment and evo-
lution of these patients. Complex teamwork: pedia-
trician, pediatric cardiologist, immunologist, rheuma-
tologist, infectious disease and intensive care doctors 
need to collaborate in the diagnosis and treatment of 
these patients to reduce infl ammation. Cardiac follow-
up is necessary with vigilance after discharge, because 
the mechanisms of this syndrome are not fully under-
stood.
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mittance, however, the fi rst laboratory investigations 
collected could not sustain the infl ammation. Further 
investigations, in evolution were necessary to confi rm 
PIMS.

Patient number 4 was admitted for persistent fe-
ver, seizures, abdominal pain, vomiting, tachycardia, 
conjunctivitis. Despite the clear clinical picture, the 
infl ammatory parameters were almost normal at 
admittance, with one exception, a slightly increased 
CRP. Cardiac biomarkers were negative. Soon after, 
the seizures became continuous, a rash appeared, and 
pulmonary rales were found. The blood pressure was 
normal. He was admitted in the ICU unit. A lumbar 
puncture revealed 5 elements, without any other 
pathological fi ndings. Laboratory tests were repeated: 
Leucocyte count was 15600/mm3, infl ammatory pro-
bes increased: CRP became 42 mg/dl, Fibrinogen 402 
mg/dl, Ferritin 242 ng/ml, D-dimers 399 ng/ml. This 
data is not mentioned in Table 4, because they were 
collected soon after admission. Cardiac examination 
revealed: mild mitral insuffi ciency, mild aortic insuffi -
ciency, pericarditis with small fl uid accumulation and 
perivascular brightness of the coronary arteries. Car-
diac biomarkers increased: NTpro BNP 2920 pg/ml, 
cTroponin T 100 pg/ml, cTroponin I 499 pg/ml. Com-
plex treatment was initiated with favorable evolution. 

Patient number 5 was admitted for persistent fe-
ver, seizures, restlessness, diarrhea, tachycardia and 
rash. At admittance, infl ammatory probes were ne-
gative, normal Ferritin level, slightly increased D-di-
mers at 278 ng/ml, anemia 9.2 g/dl and thrombocytosis 
580.000/mm3, cTroponin T 40.49 pg/ml. The next day, 
echocardiography was performed and revealed mild 
mitral regurgitation and perivascular brightness of the 
coronary arteries. Repeated infl ammatory probes in-
creased over normal, Ferritin level became 390.5 ng/
ml, platelets grew to 680.000/mm3, NT proBNP be-
came 126000 pg/ml. Under treatment, the evolution 
was favorable, cardiac biomarkers normalized, no ane-
urisms of the coronary arteries were detected in the 
follow up period, despite the thrombocyte level that 
increased at 1064000/mm3. Aspirin treatment was ma-
intained until thrombocyte level normalization. 

Patient 12, with an unoperated heart malformation, 
complicated with heart failure and pulmonary hyper-
tension, admitted for PIMS with Kawasaki-like disea-
se, presented a signifi cant discrepancy between the 
normal CRP and a huge Ferritin value of 17105 ng/ml 
due to Macrophage Activation Syndrome that rapidly 
developed, with thrombocytopenia 79.000/mm3, high 



Gabriela DOROS et al.
Cardiovascular Spectrum and Cardiac Biomarkers in Pediatric Infl ammatory Multisystem 

Romanian Journal of Cardiology
Vol. 31, No. 4, 2021

872

17. Whittaker E, Baumford A., et al. PIMS-TS Study Group and EU-
CLIDS and PERFORM Consortia. Clinical characterisics of 58 chil-
dren with a pediatric infl ammatory multisystem syndrome tem-
porally associated with SARS-CoV2. JAMA.2020;324:249-269.doi: 
10.1001/jama.2020.10369

18. Valverde I, Singh Y, Sanchez-de-Toledo J, Theocharis P, Chikermane 
A, Di Filippo S, Kuciñska B, Mannarino S, Tamariz-Martel A, Gutier-
rez-Larraya F, et al. Acute Cardiovascular Manifestations in 286 Chil-
dren With Multisystem Infl ammatory Syndrome Associated With 
COVID-19 Infection in Europe. Circulation. 2021 Jan 5; 143(1):21-
32. Epub 2020 Nov 9.

19. Fernández-Sarmiento J., De Souza D., Jabornisky R., Gonzalez GA., 
Arias López MDP., Palacio G. Paediatric infl ammatory multisystem 
syndrome temporally associated with COVID-19 (PIMS-TS): a nar-
rative review and the viewpoint of the Latin American Society of 
Pediatric Intensive Care (SLACIP) Sepsis Committee. .BMJ Paediatr 
Open. 2021; 5(1):e000894. Epub 2021 Feb 4. 

20. Arízaga-Ballesteros V., Gutierrez-Mendoza MA., Villanueva-Sugishi-
ma KR., Santos-Guzmán J. Pediatric Infl ammatory Multisystem Syn-
drome or Multisystem Infl ammatory Syndrome in Children: A New 
Thread in Pandemic Era. Global Pediatric Health. 2021 Oct 29; 8: 
2333794X211050311

21. Toraih EA, Hussein MH, Elshazli RM, Kline A, Munshi R, Sultana N, 
Taghavi S, Killackey M, Duchesne J, Fawzy MS, et al. Multisystem in-
fl ammatory syndrome in pediatric COVID-19 patients: a meta-anal-
ysis. World J Pediatr. 2021 Apr; 17(2):141-151. Epub 2021 Feb 20.

22. Mohsin SS, Abbas Q, Chowdhary D, Khalid F, Sheikh AS, Ali Khan 
ZG, et al. (2021) Multisystem infl ammatory syndrome (MIS-C) in 
Pakistani children: A description of the phenotypes and comparison 
with historical cohorts of children with Kawasaki disease and myo-
carditis. PLoS ONE 16(6): e0253625. https://doi.org/10.1371/journal. 
pone.0253625

23. Capone C., Subramony A., Sweberg T, Schneider J, et al. Character-
istics, Cardiac Involvement, and Outcomes of Multisystem Infl am-
matory Syndrome of Childhood Associated with severe acute respi-
ratory syndrome coronavirus 2 Infection. J Pediatr. 2020 Sep; 224: 
141–145.

24. Ramcharan T., Nolan O., Chui Yi Lai, Prabhu N. et al.  Paediatric 
Infl ammatory Multisystem Syndrome: Temporally Associated with 
SARS-CoV-2 (PIMS-TS): Cardiac Features, Management and Short-
Term Outcomes at a UK Tertiary Paediatric Hospital. Pediatric Car-
diology(2020) 41:1391–1401 

25. Henrina J., Santosa Putra I., Lawrensia S., Marta DS. Et al. Cardiac 
Manifestations, Treatment Characteristics, and Outcomes of Pae-
diatric Infl ammatory Multisystem Syndrome Temporally Associated 
with Severe Acute Respiratory Syndrome Coronavirus-2: systematic 
review of case reports and case series. Prog Pediatr Cardiol. 2021 
Feb 9;101365. doi: 10.1016/j.ppedcard.2021.101365.

26. Carmona CA, Levent F, Lee K, Trivedi B. Atrioventricular Conduc-
tion Abnormalities in Multisystem Infl ammatory Syndrome in Chil-
dren. Case Reports in Pediatrics. 2021 Oct 1; 2021: 6124898 

27. Matsubara D., Kauffman HL., Wang Y., Calderon-Anyosa R., Nada-
raj S., Elias MD.., White TJ, Torowicz DL., Yubbu P., Giglia TM., et 
al. Echocardiographic Findings in Pediatric Multisystem Infl ammatory 
Syndrome Associated With COVID-19 in the United States J Am 
Coll Cardiol. 2020 Oct 27; 76(17):1947-1961. Epub 2020 Sep 2. 

28. Kelly M.S., Valle V.C. Multisystem Infl ammatory Syndrome in Chil-
dren: Cardiac Biomarker Profi les and Echocardiographic Findings in 
the Acute and Recovery Phases. J Am Soc Echocardiogr. 2020 Oct; 
33(10): 1288–1290. doi: 10.1016/j.echo.2020.08.008

29. Henter I., Horne AC., Arcio M., Egeler M., Filipovich A.H., Imashuku 
S., Ladisch S, McClain K., Webb D., Winiarki J., Janka G., for the 
Histiocyte Society. Review HLH-2004: Diagnostic and Theraputic 
Guidelines for Hemophagociytic Lympfohistiocytosis. Pedr Blood 
Cancer 2007;48:124-131

30. Ramanan AV., Baildam EM., Macrophage activation syndrome is he-
mophagocytic lympfohistiocitosis- need for the right terminology. 
J Rheumatol2002;29:1105for the right terminology. J Rheumatol 
2002;29:1105

References:
1. Riphagen S., Gomez X., Gonzales-Martinez C., Wilkinson N., Teo-

charis P. Hyperinfl ammatory shoch in children during COVID-19 
pandemic. The Lancet. May 23.2020, Vol.395: 1607-1608, doi:10. 
1016/s0140-6736(20)31094-1.

2. Belot A., Antona D., Renolleau S., et al. SARS-CoV-2-related paedi-
atric infl ammatory multisystem syndrome, an epidemiological study, 
France, 1 March to 17 May 2020. Euro Surveill.2020 Jun; 25(22): 
2001010. doi:10.2807/1560-7917.ES.2020.25.22.2001010. PMID 325
24957.

3. Toubiana J., Poirault C., Corsia A., et al. Outbreak of Kawasaki Dis-
ease during COVID-19 pandemic: a prospective observatio nal study 
in Paris, France. May 14, 2020. doi: https://doi.org/10.1101/2020. 
05.10.20097394

4. Verdoni L., Mazza A., Gervasoni A., et al. An outbreak of severe 
Kawasaki-like disease at the Italian epicentre of SARS-CoV-2 epi-
demic: an observational cohort study. The Lancet. 2020 Jun 6;395 
(10239):1771-1778. doi:10.1016/S0140-6736(20)31103-X. PMC 722 
0177. PMID 32410760.

5. Royal College of Paediatrics and Child Health (U.K.). Guidance: 
Paediatric Multisystem Infl ammatory Syndrome Temporally Asso-
ciated with COVID19: www.rcpch.ac.uk/sites/default/fi les/2020-05/
COVID-19-Paediatric-multisystem-%20inflammatory%20syn-
drome-20200501.pdf

6. Centers for Disease Control and Prevention, Emergency Prepared-
ness and Response. Multisystem Infl ammatory Syndrome in Chil-
dren (MIS-C) Associated with Coronavirus Disease 2019 (COV-
ID-19). May 14, 2020, CDCHAN-00432: https://emergency.cdc.gov/
han/2020/han00432.asp

7. World Health Organization. Multisystem infl ammatory syndrome 
in children and adolescents with COVID-19. 2020http://www.who.
int/news-room/commentaries/detail/multisystem-infl ammatory-syn-
drome-in-children-and-adolescents-with-covid-19

8. Canadian Paediatric Surveillance Program. Study: Paediatric infl am-
matory multisystem syndrome temporally associated with COV-
ID-19: www.cpsp.cps.ca/surveillance/study-etude/covid-19. 

9. McCrindle B.W., Rowley A.H., Newburger J., et al. Diagnosis, Treat-
ment and Long-Term Management of Kawasaki disease: A Scientifi c 
Statement for Health Professionals from the American Health As-
sociation. Circulation. 2017 Apr 25;135(17):e927-e999.doi: 10.1161/
CIR.0000000000000484. Epub 2017 Mar 29

10. Koestenberger M., Nagel B., Ravekes W. et al. Left ventricular long 
axis function: reference values of the mitral annular plane systol-
ic excursion in 558 healthy children and calculation of z-score val-
ues. 2012. Am. Heart J. 164(1):125-131. http://doi.org/10.1016/j.ahj. 
2012.04.004.

11. Parameter Z http://parameterz.blogspot.com/2008/09/coronary-ar-
tery-z-scores.html

12. Ravelli A., Minoia F., Davi S., Hore AC., Bovis F. et al. 2016 Classifi -
cation Criteria for Macrophage Activation Syndrome Complicating 
Systemic Juvenile Idiopatic Arthritis. Arthritis Rheumatol. 2016 Mar; 
68(3):566-76.

13. DrigginE., Madhavan MV., Bikdeli B et al. Cardiovascular consider-
ations for patients, health care worhers and health systems during 
the COVID-19 pandemic. J. Am. Coll. Cardiol. 2020;75:2532-2371. 
Doi: 10.1016/j.jacc.2020.03.031

14. Cherqaoui B., Koné-Paut I., Yager H., Bourgeois FL., Piram M. De-
lineating phenotypes of Kawasaki disease and SARS-CoV-2-related 
infl ammatory multisystem syndrome: a French study and literature 
review. Rheumatology (Oxford). 2021 Oct 2; 60(10):4530-4537. 

15. Wang W., Gong F., Zhu W., Fu S, Zhang Q. Macrophage activa-
tion syndrome in Kawasaki disease: more common than we thought? 
Semin. Arthritis Rheum. 2015;44:405-410. Doi:10.1016/j.semarthrit. 
2014.07.007 Crossref. PubMed. 

16. Belhadjer Z, Méot M, Bajolle F, et all. Acute Heart Failure in Multi-
system Infl ammatory Syndrome in Children in the Context of Glob-
al SARS-CoV-2 Pandemic. Circulation. 2020 Aug 4;142(5):429-436.
doi:10.1161/CIRCULATIONAHA.120.048360. Epub 2020 May 17



Romanian Journal of Cardiology
Vol. 31, No. 4, 2021

873

Gabriela DOROS et al.
Cardiovascular Spectrum and Cardiac Biomarkers in Pediatric Infl ammatory Multisystem 

34. Schlapbach LJ., Andre MC., Grazioli S., Schöbi N., Ritz N. Best Prac-
tice Recommendations for the Diagnosis and Management of Chil-
dren With Pediatric Infl ammatory Multisystem Syndrome Temporal-
ly Associated With SARS-CoV-2 (PIMS-TS; Multisystem Infl ammato-
ry Syndrome in Children, MIS-C) in Switzerland. Front Pediatr. 2021 
May 26;9:667507. doi: 10.3389/fped.2021.667507. 

35. Henderson LA, Canna SW, Friedman KG, Gorelik M, Lapidus SK, 
Bassiri H, et al. American College of Rheumatology Clinical Guid-
ance for Pediatric Patients with Multisystem Infl ammatory Syndrome 
in Children (MIS-C) Associated with SARS-CoV-2 and Hyperinfl am-
mation in COVID-19. Version 2. Arthritis Rheumatol 2021; 73; e13-
e29. doi: https://onlinelibrary.wiley.com/doi/10.1002/art.41616

36. https://www.childrensmn.org/Departments/infectioncontrol/pdf/
mis-c-clinical-guideline.pdf

31. Hayden A., Lin M., Park S., Pudek M., Schneider M., Jordan M.B., 
Mattman A., Luke Y. C. Chen L.Y.C. Soluble interleukin-2 receptor 
is a sensitive diagnostic test in adult HLH. Blood Adv. 2017 Dec 12; 
1(26): 2529–2534. doi: 10.1182/bloodadvances.2017012310

32. Lin M., Park S. , Hayden A., Giustini D., Trinkaus M., Pudek M., Matt-
man A.,  Schneider M., Chen L.Y.C. Clinical utility of soluble inter-
leukin-2 receptor in hemophagocytic syndromes: a systematic scop-
ing review. Ann Hematol. 2017 Aug;96(8):1241-1251. doi: 10.1007/
s00277-017-2993-y. Epub 2017 May 12. 

33. Singh D., Raghunathan V., Dhaliwal M., Rastogi N., Chadha R., Yadav 
SP. Soluble Interleukin-2 Receptor Level as a Marker of Hemophago-
cytic Lymphohistiocytosis in Children With Severe Dengue. Fron-
tiers in Pediatrics. 2021 Oct 27; 9: 721857




