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SUMMARY
We report on an 8- year- old boy, who presented to the 
emergency department at our institution with fever, 
generalised oedema and hypotension. Investigations 
revealed anaemia, thrombocytopenia in addition to 
elevated serum inflammatory markers, a negative 
COVID-19 PCR test and a positive COVID-19 IgG. 
His echocardiography was consistent with carditis in 
otherwise morphologically normal heart with depressed 
cardiac function, moderate- to- severe mitral valve 
regurgitation, moderate tricuspid regurgitation with 
an estimated right ventricular systolic pressure half 
systemic, trace aortic regurgitation, bilateral small 
pleural effusions, distended inferior vena cava and 
normal coronaries. He was started on inotropic support, 
intravenous immunoglobulin and methylprednisolone, 
and was transferred to the paediatric intensive care 
unit. To the best of our knowledge, this was the 
first case of multisystem inflammatory syndrome in 
children encountered in Lebanon. The presentation and 
management were thoroughly described in this article 
aiming to share our experience and to contribute to the 
rapidly emerging literature on this syndrome.

BACKGROUND
The fast growing pandemic associated with 
SARS- CoV-2 has resulted in >114 million 
confirmed cases and >2.5 million global deaths.1 
Early reports of symptoms and signs in children 
infected with COVID-19 indicated a favourable 
prognosis in paediatric population compared with 
adults as they presented mainly with a mild upper 
respiratory illness.2–4 This was mainly attributed 
to variances in immune responses to COVID-19.5 
However, as of early May 2020, a national alert 
in the UK was prompted as investigators from 
South Thames Retrieval Service in London, UK 
published a report describing unprecedented cluster 
of eight severely ill children presenting in hyper-
inflammatory shock with multiorgan involvement.6 
Particularly, reports suggest many have myocar-
dial dysfunction7 and coronary artery involve-
ment6 in addition to gastrointestinal and systemic 
symptoms.8 9 Clinical characteristics of these cases 
were comparable to the features of Kawasaki 
disease (KD), KD shock syndrome and toxic shock 
syndrome (TSS).6 Recently in Europe and parts of 
North America, series of children and adolescents 
with the same manifestations have required admis-
sion to intensive care units.10

This acute condition was labelled by the 
Royal College of Paediatrics and Child Health as 
paediatric multisystem inflammatory syndrome 

temporally associated with COVID-19.11 As more 
cases appeared worldwide, Centers for Disease 
Control and Prevention and the WHO issued an 
alert on this condition under the label of multi-
system inflammatory syndrome in children (MIS- 
C).12 13

COVID-19 is uncommon in children,14 however, 
early diagnosis of MIS‐C is essential for the manage-
ment and the prevention of a severe inflamma-
tory state.15 Following SARS- CoV-2 infection, the 
worldwide burden of the novel syndrome, MIS- C 
continues to escalate in the paediatric age group. 
Taking into consideration the fact that MIS- C can 
mimic other diseases including but not limited to 
KD, this can make the diagnosis easily overlooked. 
The aim of our report is to describe one of the 
earliest cases of MIS- C in Lebanon, shedding light 
on the presentation and management with focus on 
cardiac involvement. We intend to contribute to 
the evolving literature on this syndrome hoping to 
reach an international consensus on the definition, 
presentation, management and outcomes of this 
syndrome.

CASE PRESENTATION
We describe the case of an 8- year- old boy with a 
history of contact with known COVID-19 cases 
with no documented COVID-19 infection and mild 
symptoms developed 1 month prior to presenta-
tion. He presented to our emergency department 
on 5 December 2020 with 1- week history of high- 
grade fever (40°C) spiking every 5–6 hours, poorly 
responding to antipyretics, chills, myalgia and 
severe headache.

He was evaluated on the third day of illness 
by his general practitioner and started on cefpo-
doxime with no response. He continued to mount 
high- grade fever with chills, new- onset abdominal 
distention, macular rash over his abdomen, oedema 
of the face and lower extremities and worsening of 
his abdominal distention (warranting a CT of the 
abdomen: dilated bowels, free fluid in the pelvis 
and mild splenomegaly). He progressively became 
somnolent and lethargic on the day of presentation.

Lab tests done 3 days prior to presentation 
revealed a positive serology test for COVID-19 
(IgG: 79 g/L), creatinine of 1.08 mg/dL and blood 
urea nitrogen 40 mg/dL and thrombocytopenia.

On presentation, the patient was febrile (38.3°C) 
and hypotensive (blood pressure 84/46 mm Hg). He 
had a heart rate of 122 beats/min, respiratory rate 
of 24 breaths/min and a saturation reaching 99% 
on room air. On physical examination, he appeared 
tired and toxic and moderately dehydrated, had 
bilateral non- purulent bulbar (limbus- sparing) 
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conjunctivitis, cracked and dry lips, strawberry- red tongue with 
hyperemic oropharynx and a faint macular rash over the lower 
abdomen and suprapubic area, tachycardiac (110–130 beats/
min) with a grade II–III systolic murmur over the apical area, 
distended abdomen, with decreased bowel sounds and hepa-
tosplenomegaly, scrotal and lower limb oedema. The exam-
ination was negative for meningeal signs and findings on lung 
auscultation.

Initial investigations revealed anaemia, thrombocytopenia, 
acute liver and kidney injuries, hypoalbuminaemia, elevated 
inflammatory markers as well as troponin T and pro- B- type 
natriuretic peptide (pro- BNP; table 1). Qualitative test for 
COVID-19 immunoglobulins (Ig) was negative for IgM and 
positive for IgG. COVID-19 real time- PCR from nasopharyn-
geal swab was negative.

Bedside echocardiography findings were consistent with 
carditis with otherwise morphologically normal heart. They 
revealed mildly depressed left ventricle systolic function with 
estimated ejection fraction (EF) of 50%–53%. Moderate- to- 
severe mitral valve regurgitation was seen with suspicion of 
mitral valve anterior leaflet prolapse versus a ruptured chordae 
as well as trace aortic regurgitation. There also was a moderate 
tricuspid regurgitation with the estimated right ventricular 
systolic pressure being the half systemic pressure. A bilateral 
small pleural effusion and a tiny pericardial effusion were noted. 

The mitral valve was of normal morphology and leaflets but 
with an eccentric regurgitation that was moderate to severe with 
double jets. There was suspicion for a probability of ruptured 
chordae of the anterior mitral leaflet. The tricuspid valve was 
moderately regurgitant with a jet pointing towards the coronary 
sinus causing dilation of the coronary sinus ostium. The prox-
imal visualised part of the coronaries was normal and showed 
no dilatation.

Noninvasive respiratory support (face mask oxygen 3 L/min) 
was initiated, and the patient received fluid resuscitationand was 
started on vasopressors (epinephrine and milrinone) for cardiac 
support. Broad- spectrum antibiotics were empirically initiated 
(intravenous ceftriaxone and vancomycin: given the prevalence 
of methicillin- resistant Staphylococcus aureus in the community) 
while awaiting culture results and serologies.

Given his prolonged fever, multiorgan dysfunction, signifi-
cantly elevated inflammatory markers, lack of alternative diag-
nosis and prior SARS- CoV-2 exposure of the child was suspected 
to have MIS- C as he fulfilled the diagnostic criteria13 and he was 
admitted to the paediatric intensive care unit (PICU) for cardiac 
support and close monitoring. He initially received two doses of 
intravenous immunoglobulin (1 g/kg each) 10 hours apart. He 
was started on methylprednisolone (1 mg/kg/dose intravenously 
every 12 hours).

Table 1 Blood investigation summary on admission, hospital course and discharge

Ref. range 05/12/20 08/12/20 13/12/20 16/12/20

Adjusted white blood cell Ref. range: 4.5-13.5 cells ×109L 10.2×109 3.2 ×109 4.7×109 5×109

Hemoglobin Latest ref. range: 12.0–15.0 g/dL 9.8 7.7 10 10.3

Neutrophils Latest ref. range: 35%–65% 75 70.7 75 74.7

Lymphocytes Latest ref. range: 23%–53% 18 24.1 24.5 25

Platelets Latest ref. range: 150-400 ×109/L 95.6×109 106×109 651×109 709×109

Blood urea nitrogen Latest ref. range: 8–25 mg/dL 33 27 29 21

Creatinine Latest ref. range: 0.6–1.2 mg/dL 0.9 0.6 0.4 0.4

Carbon dioxide Latest ref. range: 24–30 mmol/L 20

Bilirubin direct Latest ref. range: 0.0–0.3 mg/dL 0.8 0.2 0.1

Lactate dehydrogenase Latest ref. range: 110–265 IU/L 232

Albumin Latest ref. range: 36–53 g/L 23 31 39

Lactic acid (arterial) Latest ref. range: 0.55–2.20 mmol/L 2.92

Ferritin Latest ref. range: 25.0–310.0 ng/mL 748 600 797 933

Pro- BNP (NT- pro- BNP) Latest units: pg/mL 13 369 21 481 4025

Interlukin-6 <7.0 pg/mL 26.8 2.8

Procalcitonin ≤0.05 ng/mL 2.87 0.96

Alkaline phosphatase Latest ref. range: 20–385 IU/L 614 342 251

Gamma- glutamyl transferase Latest ref. range: 10–50 IU/L 114 (H) 501 392

Troponin T Latest ref. range: 0.000–0.030 ng/mL 0.083 (H) 0.06 0.05

C reactive protein Latest ref. range: 0.0–2.5 mg/L 140.7 (H) 32.8 5.1 1.4

D- dimer Latest ref. range: ≤255 ng/mL 2319 (H) 3037 677 458

Haptoglobin Latest ref. range: 0.30–2.00 g/L 2.04 (H)

C3 complement Latest ref. range: 0.90–1.80 g/L 0.42 (L)

C4 complement Latest ref. range: 0.10–0.40 g/L <0.02 (L)

Cytomegalovirus IgM Non- reactive <0.85 Non- reactive

Cytomegalovirus IgG Non- reactive <6.0 AU/mL <6.0

Epstein Barr Virus Viral capsid antigenIgG Reactive ≥1.00 41.95

Epstein Barr Virus Viral capsid antigen IgM Non- reactive <0.50 Non- reactive

COVID-19 Ab, IgM   Negative

COVID-19 Ab, IgG   Positive

COVID-19   Not detected

NT- pro- BNP, N- terminal pro- B- type natriuretic peptide; pro- BNP, pro- B- type natriuretic peptide.
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On the second day of admission, he became tachypneic. CT 
chest was done and showed typical MIS- C radiographic find-
ings: bibasilar subsegmental consolidations with small pleural 
effusions, basilar septal lines and subpleural consolidations and 
ground- glass abnormalities in the right middle lobe (figure 1).

As his platelet count increased >100 ×109/L, low- dose aspirin 
(81 mg) was initiated. Although his EF was not severely affected, 
the patient was started on enoxaparin for venous thromboem-
bolism prophylaxis due to his marked D- dimer elevation on the 
third day of hospitalisation (3037 ng/mL).

On the fifth day of admission, the patient started to have 
bradycardia on telemetry with a nadir heart rate of 40 beats/
min and premature atrial contractions (blocked with aberrancy) 
which resolved spontaneously after 2 days.

OUTCOME AND FOLLOW-UP
His clinical condition improved as well as his laboratory mark-
ings and his echocardiographic findings with normalisation of 
his EF along with significant improvement in his mitral regurgi-
tation (figure 2), thus transferred to the regular floor after 6 days 
of intensive care.

On the seventh day, he developed typical Kawasaki- like 
desquamating rash on his fingers.

The patient was successfully discharged home on the ninth 
day of admission on oral steroids, fursemide, captopril and low- 
dose acetysalicylic acid (aspirin).

At 1 and 2 months of follow- up, the patient was completely 
asymptomatic. Lab results were noteworthy for thrombocytosis. 
Steroids were weaned over 3 weeks and aspirin was stopped 
after 3 weeks when platelets were back to normal (200 ×109/L). 
Furosemide was stopped at 2 months. His cardiac examination 
revealed considerably improved function without any conduc-
tion abnormalities (table 2).

DISCUSSION
Differential diagnosis
Differentiating MIS- C from conditions such as KD, sepsis and 
TSS can pause a challenge to clinicians owing to the fact that 
MIS- C involves all organ systems and manifests with extensive 
laboratory derangements. KD is an acute, self- limited vasculop-
athy predominantly affecting children <5 years of age. It leads 
to vasculitis in medium- sized arteries with systemic inflamma-
tion. Up to 25% of untreated cases may end up with acquired 
coronary artery aneurysms. Children with KD present with 
prolonged high- grade fever and mucocutaneous changes. Clas-
sical KD is diagnosed based on the clinical criteria. Children who 
have prolonged fever without meeting all the principal clinical 
criteria have atypical KD. The mainstays of treatment of KD are 
intravenous immunoglobulins and acetylsalicylic acid.16 Despite 
the remarkable phenotypic overlap between MIS- C and KD, 
there are variations in the age groups affected, cardiac manifesta-
tions and inflammatory markers. SARS- CoV-2 exposure history 
remains the pertinent feature of MIS- C diagnosis.17 Sepsis is 
defined as a widespread inflammatory response associated with 
a suspected or proven infection. Further cardiovascular dysfunc-
tion may evolve leading to septic shock.18 The underlying 
pathogen may be bacterial, viral, fungal or parasitic. Children 
presenting with signs of sepsis or septic shock need to be rapidly 
resuscitated with fluids and empirically covered with broad- 
spectrum antibiotics until culture results are out.19 It is worthy to 
note that MIS- C can manifest with signs of septic shock, although 
coronary artery involvement, valvulitis and left ventricular 
dysfunction are unique to MIS- C.20 S. aureus and Streptococcus 
pyogenes are bacteria capable of producing exotoxins which act 
as superantigens that stimulate T- cells and cause a massive cyto-
kine release leading to TSS.21 The patient presents with rapid 
onset of fever, hypotension, rash, mucosal membranes involve-
ment and multiorgan dysfunction.22 The mainstays of treatment 
of TSS are fluid resuscitation and antibiotics.23

Multisystem inflammatory syndrome in children
Multisystem inflammatory syndrome is a novel disease in paedi-
atrics linked to SARS- CoV-2 that has high mortality and required 
management in PICU . According to a review of previous observa-
tional studies, the main manifestations were fever, myalgia, rash, 
dyspnoea, conjunctivitis, gastrointestinal symptoms, depressed 
mental status and evidence of organ failure with elevated inflam-
matory markers and evidence of COVID-19 infection or recent 
contact with the patient with COVID-19, with no other expla-
nation of such presentation.24 All of these signs and symptoms 
were observed in our patient on admission to PICU.

Cardiac involvement in MIS-C
Noticeably, since the beginning of the pandemic, reports of 
cardiac sequalae in paediatric patients presenting with MIS- C 
have been rapidly growing.25 26 In our case, cardiac dysfunc-
tion was the most pronounced organ involvement encountered. 
The initial presentation of our patient was a cardiogenic shock 
secondary to left ventricular dysfunction that did not improve 

Figure 1 Chest and abdominal CT on second day of admission.

Figure 2 Echocardiogram: moderate- to- severe mitral valve 
regurgitation.
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despite fluid boluses, which necessitated the early initiation of 
inotropic support. The earliest literature description of MIS- C 
or ‘Hyperinflammatory shock in children’ by Riphagen et al6 
reported eight patients presenting with vasoplegic shock that was 
refractory to volume resuscitation and required norepinephrine 
and milrinone for haemodynamic sustenance. Nearly all children 
had myocardial involvement and this was evidenced by elevated 
cardiac enzymes and echocardiographic findings ranging from 
ventricular dysfunction to coronary dilatation.6

Echocardiograpic findings
Myocarditis
The predominant cardiac finding in patients with MIS- C is acute 
myocardial dysfunction.27 Myocarditis is an inflammation of 
the myocardium. It is diagnosed based on histological, immu-
nological, immunohistochemical and molecular criteria.28 It 
results in dysfunction of the cardiac muscle and its conductivity 
compromising the cardiac contractility and consequently cardiac 
output.29 This was evident in our patient, who presented with 
left ventricular dysfunction and a mildly depressed cardiac func-
tion (EF=50%). The common cardiac manifestation in MIS- C is 
depression of the EF. Reports from case series in France and Swit-
zerland of 35 children admitted to intensive care unit, revealed 
depressed left ventricle (LV) function in all with EF <30% in 
one- third of them; 80% of whom required inotropic support.25 
Larger case series from the UK involving 58 hospitalised children 
fulfilling MIS- C criteria showed that 50% developed shock, that 
was associated with evidence of LV dysfunction on echocardiog-
raphy and elevated troponin and pro- BNP.30 The patient in our 
report, had a substantially high pro- BNP (N- terminal pro- B- type 
natriuretic peptide (NT- pro- BNP)) of 13 369 pg/mL that peaked 
to 21 481 pg/mL on the second day and an elevated troponin 
T of 0.083 ng/mL (range: 0.000–0.030 ng/mL) on presentation. 
In one of the largest case series published to date, Valverde et 
al31 recruited n=286 children, the most common cardiovascular 
sequalae were shock, arrhythmias, pericardial effusion and coro-
nary artery dilatation and over half of the patients had decreased 
LV EF. Although the mechanism of cardiac involvement has 
been explained in adults with COVID-19 acute infection, the 
temporal difference between the actual infection and onset of 
cardiac manifestations in children is suggestive of a rather post-
infectious immunological response that does not often spare the 
myocardium in predisposed subjects.32

Perhaps the most striking finding in the patient’s echocardiog-
raphy was the multiple valvular involvements he presented with, 
namely, the moderate- to- severe mitral regurgitation, moderate 
tricuspid regurgitation and trace aortic insufficiency. The mitral 
valve was remarkably regurgitant with two significant eccentric 

jets (figure 2). In one study in UK by Theocharis et al,33 echocar-
diography of 20 patients with MIS- C was positive for valvular 
regurgitations in 75%.

Arrhythmia
To date, sinus node dysfunction associated with COVID-19 
has not been widely reported in paediatrics, however, there 
are several case reports describing bradycardia in adult popula-
tion. Peigh et al34 reported two cases of COVID-19- associated 
pathological sinus node dysfunction mainly sinus bradycardia. 
Although the mechanism for COVID-19- associated myocardial 
conduction abnormalities is currently speculative from previous 
coronavirus epidemics, it is possible that myocardial inflam-
mation or direct viral infiltration via ACE2 affects myocardial 
conduction, leading to an impaired chronotropic response and 
progressive conduction system disease.34 35

Arrhythmia has been described in patients with MIS- C. Chil-
dren may present with first- degree heart block and it has been 
reported more in patients with depressed left ventricular systolic 
function. ST- segment changes, QT prolongation and T- wave 
abnormalities have been documented in patients with MIS- C on 
electrocardiograms.36

Learning points

 ► The emergence of the multisystem inflammatory syndrome in 
children (MIS- C) cases in Lebanon, as in the rest of the world, 
is only at its advent.

 ► This novel syndrome is highly reflective of a delayed 
hyperinflammatory immune response to SARS- CoV-2 
infection in the paediatric age group from early neonatal 
age through late adolescence. Establishing a diagnosis can 
be somehow challenging due to similarities this condition 
shares with Kawasaki disease and toxic shock syndrome. It 
has been recognised to be a separate entity with its unique 
presentation and pathophysiology.

 ► Although the published literature has reported that most 
children with MIS- C show recovery, both short- term and long- 
term outcomes are yet to be learnt.

 ► It is warranted that all paediatric healthcare providers have 
a high degree of suspicion and low threshold for MIS- C 
diagnosis, management and follow- up.

 ► More studies are encouraged to elucidate the exact 
pathophysiology of this entity to provide evidence- based 
management tools and to unravel its prognostic outcomes.

Table 2 Echocardiographic findings on admission, discharge and at 1- month follow- up

Echocardiography Findings

Admission Depressed left ventricular systolic function, estimated EF 50%–53%, moderate- to- severe MR, suspicion of anterior MV leaflet tip prolapse versus chordae 
rupture
Trace AR, moderate TR, RVSP half systemic. Bilateral pleural effusions, small pericardial effusion
Right and left ventricles mildly dilated
Coronaries show no dilatation or aneurysm

Discharge Improved LV systolic function, estimated EF 60%–65%, moderate MR with prolapsed anterior leaflet, trace AR, moderate TR, normal LV longitudinal strain 
−27%, normal LV and RV size
No pericardial or pleural effusion

1- month follow- up Improved LV systolic function, estimated EF 60%–65%, mild MR, trivial TR, PR and AR
Normal LV longitudinal strain −24%
No pericardial or pleural effusion

AR, aortic regurgitation; EF, ejection fraction; LV, left ventricle; MR, mitral regurgitation; MV, mitral valve; RV, right ventricle; RVSP, right ventricular systolic pressure; TR, tricuspid regurgitation.
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