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Case Report
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Abstract

Introduction: Albeit most children infected with SARS-CoV-2 are asymptomatic or have mild respiratory symptoms, similar cases
of Kawasaki disease and toxic shock syndrome increased at the end of April 2020 worldwide. Systemic inflammatory involvement
characterizes these cases and is part of the spectrum of a SARS-CoV-2-related syndromes called multisystem inflammatory syndrome
(MIS-C).
Case Presentation: We report the case of a child with severe cardiovascular impairment due to MIS-C who developed cardiogenic
shock secondary to acute myocarditis. The pathophysiology of myocardial outcomes caused by MIS-C remains unclear.
Conclusions: We intend to contribute to new prospective studies on the early diagnosis, clinical management, and follow-up of
patients with severe cardiovascular impairment secondary to infection with SARS-CoV-2.
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1. Introduction

The 2020 SARS-CoV-2 pandemic has evidenced that
most infected children are asymptomatic or have mild up-
per airway symptoms; nevertheless, it is known that chil-
dren have a significant impact on the virus spread (1). By
April 2020, several countries had identified an increased
prevalence of children with conditions such as Kawasaki
disease (DK) and toxic shock syndrome (TSS), which were
later learned to be part of the spectrum of a new dis-
ease related to a previous infection with coronavirus. This
new disease was named multisystem inflammatory syn-
drome in children (MIS-C) by the Centers for Disease Con-
trol and Prevention (CDC) and the World Health Organiza-
tion (WHO) (2, 3). Severe MIS-C cases present with acute my-
ocarditis, coronary changes, arrhythmias, and cardiogenic
shock (4, 5). However, the pathophysiology of myocardial
dysfunctions remains unclear (6).

2. Case Presentation

A previously healthy three-year-old boy had close con-
tact with his grandmother, who was positive for SARS-
Cov-2. Twelve days later, he presented with a sore throat

and running nose. A week later, he presented with fever,
rash in the upper body, and odynophagia, so amoxicillin
and ibuprofen were started after medical evaluation. The
following day, the rash spread to the trunk and lower
limbs, the fever persisted, and the patient started vomit-
ing, so endovenous hydration was initiated. The patient
was sent home, but four days later, he entered the emer-
gency room with dehydration, mental confusion, hypoten-
sion (arterial blood pressure 78 × 45 mmHg), tachycar-
dia (heart rate = 145bpm), tachypnea (respiratory rate of
46 bpm), generalized edema, and hepatomegaly. He also
presented non-purulent conjunctival hyperemia and pru-
ritic erythematous-violet rash with a rough appearance on
the face, upper limbs, lower limbs, and trunk; palms and
soles were spared. In addition, the patient had mild lami-
nar desquamation in the lower abdominal region. On ad-
mission, PCR-RT for SARS-CoV-2 was collected, but the re-
sult was negative. However, the chemiluminescence im-
munoassay (CLIA) technique for COVID-19 was positive on
the following day.

Laboratory tests showed metabolic acidosis, high urea
and creatinine levels, and hypokalemia; white blood cell
count revealed leukocytosis. The patient presented the
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clinical signs of cardiovascular dysfunction associated
with low output syndrome (i.e., hypotension, anasarca,
hepatomegaly, and mental confusion) after catarrhal pro-
dromes, and cardiac auscultation identified a third heart
sound and “gallop rhythm”, hence the foremost diagnos-
tic hypothesis was acute myocarditis. Therefore, the mark-
ers of myocardial injury troponin, CK-MB, CPK, and NT-
ProBNP (Table 1), were collected, revealing values signifi-
cantly above baseline values.

The initial electrocardiogram showed sinus tachycar-
dia, and the initial echocardiogram evidenced reduced
ejection fraction (EF 50%) due to global hypokinesia and
normal coronary arteries. Because the diagnosis of MIS-C
was suspected, other laboratory tests were collected (Table
2).

The initial intensive care consisted of milrinone (up to
0.3 mcg/kg/min) and epinephrine (up to 0.3 mcg/kg/min)
for 48 h. A broad-spectrum antibiotic treatment (100
mg/kg/day ceftriaxone and 40 mg/kg/day vancomycin) was
also started due to the suspicion of toxic shock syndrome.
On the second day of hospitalization, specific therapy for
MIS-C, consisting of 2 g/kg human immunoglobulin and
80 mg/kg/day acetylsalicylic acid, was administered. Pro-
phylactic enoxaparin was also added (1 mg/kg/day), and
methylprednisolone pulse (27 mg/kg/day) was started ac-
cording to the institutional protocol.

The patient stayed in the intensive care unit for seven
days and was discharged on the following day with low-
dose aspirin, corticosteroid therapy (2 mg/kg/day pred-
nisolone), and enoxaparin.

3. Discussion

The patient presented with fever, laboratory evidence
of inflammation (high interleukin 6, ESR, and C-reactive
protein levels), and increased D-dimers and leukocytosis
with neutrophilia. Myocarditis leading to cardiovascular
system dysfunction was also evident.

The golden standard exam for the definitive diagnosis
of myocarditis in pediatric patients is through myocardial
biopsy, pointing inflammation findings through histolog-
ical or immunohistological lesions (7). However, this exam
is invasive and has high variability in sample interpreta-
tion. Such an examination is not performed in most cases,
allowing a combination of clinical and imaging criteria to
be valid for the diagnosis (7).

Sagar et al. (8) proposed a three-level clinical classifica-
tion for myocarditis diagnosis based on levels of certainty:
(1) definitive myocarditis; (2) probable acute myocarditis;
and (3) possible subclinical myocarditis. For diagnosis, pa-
tients may have all or just some of the following findings:
(1) elevation of cardiac biomarkers; (2) echocardiographic

evidence of ventricular dysfunction without underlying
structural defects, signs, and symptoms of ventricular dys-
function, electrocardiographic changes; (3) changes in my-
ocardial magnetic resonance imaging (MRI); and (4) pro-
dromal illness in the last two weeks (8).

As previously, our patient met the criteria for prob-
able acute myocarditis. Moreover, the patient had posi-
tive serology for SARS-CoV-2, meeting the criteria for severe
MIS-C according to the CDC and the WHO (9).

Our patient was younger than most of the other re-
ported cases (5, 10) and presented myocardial dysfunction
after infection with SARS-CoV-2. This manifestation has
been described in many children diagnosed with MIS-C
associated with significantly increased troponin and NT-
ProBNP. As already acknowledged by Licciardi et al., infec-
tion with SARS-CoV-2 and the pro-inflammatory trend can
trigger cardiac injury, post-myocardial injury, and vasculi-
tis (11). However, the specific mechanism underlying MIS-C
cardiac involvement has not been fully elucidated (2).

In a study about cardiogenic shock and hyperinflam-
matory syndrome in a group of young adults, the first man-
ifestations of SARS-CoV-2 were biventricular failure and va-
soplegia, which evolved into circulatory shock and multi-
systemic involvement, which may be similar to the involve-
ment of our patient (12). In that study, the myocardial in-
jury did not result from direct viral injury. The presence
of high antibody titers suggested previous exposure, a few
weeks before hospital admission (12).

In the present case, the patient was hypotensive and
tachycardic when he was admitted to the emergency unit.
Although the first echocardiogram was performed on va-
soactive drugs, the left ventricle (LV) systolic performance
was at the lower limit of normality. Grimaud et al. reported
a case series of 20 patients with MIS-C who developed acute
myocarditis. The prevalence of hypotension and tachycar-
dia was 20%, median LV EF was 35% (25 - 55%), and LV func-
tion improved before discharge (10).

Some elements of the emerging pediatric disease MIS-C
resemble those of Kawasaki’s disease (KD) (10). In the case
described here, the patient also met the criteria of atypi-
cal KD because he had a fever lasting over five days, bilat-
eral not exudative conjunctival hyperemia, and polymor-
phic rash, corroborated by the laboratory changes (13).

Although KD can affect the myocardium, comparative
articles have reported that myocardial involvement pre-
vails when KD is related to SARS-CoV-2. This is corrobo-
rated by a study by Pouletty et al., who compared a histori-
cal cohort of KD with a cohort of KD associated with infec-
tion by SARS-CoV-2 in Paris and verified echocardiographic
findings of myocarditis in 1 and 44% of the patients, re-
spectively. On the other hand, coronary involvement was
similar regardless of association with the virus, and coro-

2 Arch Pediatr Infect Dis. 2022; 10(Suppl):e112446.



Altizani GM et al.

Table 1. Laboratory Markers of Myocardial Injury

Tests Reference value Admission Discharge

CK-MB < 5 U/L 23 0.51

CPK 24 - 195 U/L 165 -

Troponin < 19 ng/dL 84.6 1.8

NT-Pro-BNP < 125 ug/mL > 25000 225

Abbreviations: CK-MB, creatine kinase myocardial band; CPK, creatine phosphokinase.

Table 2. Laboratory Exams of the Patient on Admission and Discharge

Tests Reference value Admission Discharge

C-reactive protein (mg/dL) < 1 31.07 < 0.4

ESR (mm/1h) < 10 mm/1stH 41 43

Interleucin 6 (pg/mL) < 5.9 42.4 7.4

Ferritin (ng/mL) 22 - 322 586.5

Fibrinogen (mg/mL) 200 - 400 31 2.52

Fibrin D dimers (mg/mL) < 1.25 2.53 1.35

PT INR 1.04 1.0

aPTT Ratio 0.86 0.9

Platelets (U/mm3) 100000 878000

White cells 17900 20500

Ejection fraction (echocardiogram) % > 60 50 70

Abbreviations: ESR, erythrocyte sedimentation rate; PT, prothrombin time; aPTT, activated partial thromboplastin time; CK MB, creatine phosphokinase MB fraction.

nary dilation occurred in 19% of the patients in both co-
horts. The clinical characteristics of the two syndromes
overlap probably because they have similar pathophysio-
logical mechanisms (14). In both cases, an immune trig-
ger is accelerated, causing an immune-mediated lesion in
the heart and coronary arteries with different severity pro-
portions. The overlap in the characteristics of the two syn-
dromes may result from these similar pathophysiological
mechanisms (15, 16). However, studies indicated that coro-
nary changes are more likely to occur in KD, while cardiac
dysfunctions are more frequent in patients with MIS-C. Re-
markably, our patient did not present coronary enlarge-
ment.

Evolution to myocarditis and cardiogenic shock are
possible outcomes in severe cases of MIS-C, demonstrating
the severity of cardiovascular involvement. Pediatricians
in emergency rooms should suspect this condition in chil-
dren with cardiac dysfunction.

Although this study has shown cardiac involvement
leading to cardiogenic shock in a patient with MIS-C under
the average age reported in other studies, the mechanism
of injury has not been fully elucidated. Thus, future stud-
ies are needed to document this mechanism and to assist
in the recognition and treatment of patients with similar

conditions.
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