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Case Report: Mitral Valve Involvement and First-Degree Atrial-Ventricular Block in Two Patients With Multisystem Inflammatory Syndrome in Children
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COVID-19 seems to be less frequent and severe in children compared to adults. Despite the very few symptoms usually found in children, great attention was recorded when in April 2020 a hyperinflammatory process in children with fever and multiorgan involvement after a paucisymptomatic COVID infection was reported. The United States Centers for Disease Control and the World Health Organization recognized and defined this syndrome as “Multisystem Inflammatory Syndrome in Children (MIS-C).” We describe two cases of MIS-C presenting with fever, cutaneous rash, and a mild cardiac involvement expressed with a transient mitral valve involvement and a first-degree atrioventricular block. Acute treatment was managed with intravenous immunoglobulin, oral aspirin, and intravenous corticosteroids reaching consequent good outcome. Clinical characteristics, treatment management, follow-up, and long-term evolution of children with MIS-C are still poorly defined. Further research is needed to better understand the pathogenesis of this newly described condition, to validate a high-level recommended therapy and a specific therapy tapering timings.
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BACKGROUND

COVID-19 resulted to be less frequent and severe in children compared to adults, involving 1–5% of the COVID-19 cases (1) and requiring intensive care unit admission in 0.6–2% of cases (2). The low infection rate in the pediatric population is probably related to the generally paucisymptomatic course of the infection, which consequently receives less medical attention (3, 4).

Despite the very few symptoms usually found in children, greater attention was recorded when in April 2020 an English child showed an abnormal systemic inflammatory response with fever and multiorgan involvement after a paucisymptomatic SARS-CoV-2 infection (5). This condition was first called “Pediatric Inflammatory Multisystem Syndrome Temporally associated with Severe acute respiratory syndrome coronavirus 2” (PIMS-TS) (6). Similar cases in Europe and in the US were described, and they were associated temporally and geographically with COVID-19 outbreaks (5, 7, 8).

Therefore, the United States Centers for Disease Control (CDC) (9) and the World Health Organization (WHO) (10) recognized and defined this syndrome by renaming it “Multisystem Inflammatory Syndrome in Children (MIS-C) associated with COVID-19.” The two definitions proposed by the CDC and the WHO are both based on the clinical presentation (fever, skin involvement, gastrointestinal symptoms), the multiorgan involvement, the absence of a plausible alternative diagnosis, current or recent SARS-CoV-2 infection, or an exposure to positive patients within 4 weeks from the onset of symptoms. The definition proposed by the WHO also includes laboratory inflammatory markers.

To date, more than 1,000 cases were reported worldwide in the pediatric population (11, 12), but the real incidence of MIS-C is not yet known. Below we report two cases of children suffering from MIS-C with transient mitral valve involvement and arrhythmias.


Case 1

A previously healthy 6-year-old male was admitted to the Pediatric Department for a 2-day fever (maximum body temperature: 38.6°C), fatigue, and loss of appetite. Six weeks earlier, he suffered from an asymptomatic SARS-CoV-2 infection documented by the nasopharyngeal swab. After 15 days from the onset, the nasopharyngeal swab negativity and IgG antibodies appearance were documented.

The child appeared dehydrated and asthenic, with a non-itchy macular erythematous rash on the soles of the feet, ankles, and trunk (Figure 1A); furthermore, he had a body temperature equal to 40°C with tachycardia (heart rate 150 beats per minute) and hypotension (blood pressure 96/45 mmHg) but no desaturation (oxygen saturation 99%). Blood tests showed normal white blood cell count (7,760/μl) with lymphopenia (L: 710/μl) and increased inflammatory markers (C-reactive protein CRP: 89.7 mg/l, normal range: 0–5; procalcitonin PCT: 8.9 ng/ml, normal range: 0.02–0.5). In addition, a hyponatremia (126 mmol/l, normal range: 135–145) and an increase in cardiac markers (troponin I 201.5 pg/ml, normal range: 0–34.2; brain natriuretic peptide BNP 2,782 pg/ml, normal range 10–100; Figure 2A), amylase and lipase (145 U/l and 166 U/l, respectively, normal range 8–65), D-dimer (1.5 mg/l, normal range 0–5), IL-6 (201.6 pg/ml, normal range < 6.4), and ferritin (301 ng/ml, normal range 22–274) were found. Chest X-ray was normal. A 12-lead electrocardiography (ECG) was normal, and an echocardiogram found normal ventricular function with ejection fraction equal to 60%, and minimal mitral and tricuspid regurgitation. Rehydrating intravenous therapy and antibiotic therapy with ceftriaxone were started.
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FIGURE 1. (A) non-itchy macular erythematous rash on the soles of the feet and trunk of the first patient; (B) non-itchy erythematosus rash on palms of the hands, on soles of the feet, on trunk and limbs of the second patient.



[image: Figure 2]
FIGURE 2. (A) Timeline of tropinin and BNP levels and therapy with IVIG and steroids in case 1. (B) Timeline of troponin, BNP levels, PR interval and therapy with IVIG and steroids in case 2. The number of days refers to the onset of the fever. BNP, brain natriuretic peptide; IVIG, intravenous immunoglobulins; IV, intravenous; NV, normal values.


Twenty-four hours later, the patient was still febrile; tachycardia, hypotension, and cutaneous rash on the trunk persisted and a mild eyelid swelling appeared. The blood test showed persistence of hyponatremia (131 mmol/l), an increase in BNP (3,486 pg/ml), CRP (109.5 mg/l), and a reduction of troponin I (124.6 pg/mL; Figure 2A). An ECG control found a T-wave inversion in the anterior precordial leads. Blood, stool, and urine cultures were negative.

A diagnosis of MIS-C was established, and intravenous immunoglobulins (IVIG) at the dosage of 2 g/kg in 48 h and methylprednisolone at the dosage of 2.25 mg/kg/day were started. About 24 h after, the child's clinical condition improved considerably. Fever and cutaneous rash disappeared, and blood pressure and heart rate improved (100/65 mmHg and 81 beats per minute, respectively). The blood test showed a normalization of sodium and troponin I levels (138 mmol/l and 28.2 pg/ml, respectively), and a reduction of BNP, CRP, and PCT levels (1,025 pg/ml, 18.36 mg/l, 0.68 ng/ml, respectively). However, 5 days after the fever onset the echocardiogram showed a “mild tricuspid regurgitation and moderate mitral regurgitation” (Figure 3A) and the ECG found a QT prolongation, equal to 492 ms (Figure 4A).
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FIGURE 3. (A) 2-D Color-Doppler echocardiography of the first patient in the acute phase: left panel shows the apical 4 chambers view with color flow Doppler, showing a moderate mitral regurgitation; right panel shows the continuous wave Doppler of the mitral regurgitant jet. (B) 2-D Color-Doppler echocardiography of the same patient 1 month after: left panel shows an apical 4 chambers view with color flow Doppler and right panel shows the continuous wave Doppler of the minimal mitral regurgitation.
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FIGURE 4. (A) 12-lead ECG of the first patient 5 days after fever onset showed a mild ST-segment depression and a deeper T-wave inversion compared with previous ECG in the anterior precordial leads; (B) 12-lead ECG of the second patient 8 days after fever onset showed a sinus bradycardia (HR 48 beats per minute) with a first-degree atrioventricular block (PR = 216ms).


Following laboratory controls documented inflammation indices and cardiac enzymes in the normal range; however, increased platelet count was found (PLT: 1,250,000/mmc) and therapy with acetylsalicylic acid (ASA) at the dosage of 81 mg/day was then administered. Methylprednisolone was continued for 10 days with gradual tapering and then replaced with oral prednisone for 10 days with gradual tapering.

The patient was discharged with a clinical, cardiac, and radiological follow-up program. ASA therapy was continued until normal coronary artery confirmation at ≥4 weeks after diagnosis; complete normalization of the platelet count was documented 23 days after the onset of the syndrome.

At follow-up, ECG was normal and the echocardiogram 30 days after the onset of the syndrome showed normal ventricular function and the resolution of mitral regurgitation (Figure 3B). About 40 days after the onset, a cardiac magnetic resonance imaging (MRI) was performed before and during gadolinium administration revealing no morpho-functional abnormalities with non-dilated ventricles; a mild pericardial effusion with a maximum thickness of 7 mm (Supplementary Figure 1); normal systolic function; and no transvalvular flow changes with cine b-SSFP sequences.



Case 2

A previously healthy 12-year-old boy was admitted to the Pediatric Department with a 2-day history of fever, myalgia, and non-itchy erythematosus rash on palms of the hands, on soles of the feet, on trunk, and on limbs (Figure 1B). Five weeks earlier, the patient had pauci-symptomatic COVID-19, confirmed with the SARS-CoV-2 RT-PCR test. After 26 days from the onset, the nasopharyngeal swab negativity and IgG antibody appearance were documented.

Blood tests documented lymphopenia (white blood cells 6,180/μl, lymphocytes 660/μl); an increase in inflammatory indices (CRP 70.4 mg/l, PCT 1 ng/ml), D-dimer (1.25 mg/l), and fibrinogen (550 mg/dl); and a mild hyponatremia (134 mmol/l). The arterial blood gas test was normal. The 12-lead ECG found a T-wave inversion in the anterior precordial leads with negative troponin I. Chest X-ray was normal.

Rehydrating intravenous therapy and antibiotic therapy with ceftriaxone were started. After 4 days of therapy-resistant fever, abdominal pain and vomiting also appeared. Control blood tests documented further increased inflammatory indices (CRP 166 mg/l, PCT 4.1 ng/ml), fibrinogen (640 mg/dl), ferritin (521 ng/ml), IL-6 (70.7 pg/ml), and a worsening hyponatremia (132 mmol/l). An increase in troponin I (321 pg/ml) and BNP (273 pg/ml) was documented (Figure 2B). Increases in ferritin (521 ng/ml), IL-6 (70.7 pg/ml), triglyceride (171 mg/dl, normal range 0–150), and liver enzyme (AST 156 U/l, normal range 5–34; ALT 175 U/l, normal range 0–55) values were also shown. The echocardiography documented “ejection fraction equal to 63%, minimal mitral and tricuspid regurgitation, and pericardial layers detachment.” The abdomen ultrasound was negative. Blood, stool, and urine cultures were negative so antibiotic therapy with ceftriaxone was interrupted. No acute infections with Epstein–Barr virus, cytomegalovirus, parvovirus B19, mycoplasma, coxsackievirus, echovirus, influenza A and B, adenovirus, and parainfluenza virus were found.

Since clinical and laboratory characteristics were compatible with MIS-C, therapy with IVIG (1.8 g/kg) in two consecutive days, ASA (81 mg/die), intravenous methylprednisolone (1.8 mg/kg/day), and oral proton-pump inhibitor with lansoprazole were started.

Defervescence and improved clinical condition were documented, but 8 days after fever onset the echocardiography found worsening ejection fraction (53%) and moderate mitral regurgitation in association with increased BNP (405 pg/ml, Figure 2B) and oliguria. In addition, flat and inverted diffusely T waves and bradycardia (heart rate 40 beats per minute at night, 55 beats per minute during the day) with PR interval prolongation (from 188 ms at the onset, PR reached a maximum of 232 ms 8 days after the onset) and a first-degree atrioventricular block (AVB) appeared (Figure 4B). Holter monitor confirmed bradycardia and first-degree AVB, with a worsening in the nocturnal period probably due to vagal hypertonus.

During the hospitalization, troponin I and BNP values showed progressive decrease (Figure 2B). The normalization of troponin was documented 6 days after the onset of symptoms. Twelve days after the fever onset, BNP in the normal range and a normal ECG with the AVB disappearance were found; furthermore, the echocardiogram documented preserved global systolic function (ejection fraction 65%), slight hyperreflective papillary muscles, and minimal mitral regurgitation in the absence of pericardial effusion. Given the clinical, laboratory, and instrumental improvement, methylprednisolone therapy was tapered. About 20 days after the fever onset, a cardiac MRI was performed before and during gadolinium administration and it showed no morpho-functional abnormalities with non-dilated ventricles; normal systolic function; no myocardial edema or intracavitary thrombotic formations; and no transvalvular flow changes with cine b-SSFP sequences.

The patient was discharged with a clinical and cardiac follow-up program. ASA therapy was continued until normal coronary artery confirmation at ≥4 weeks after diagnosis, and steroid therapy was gradually tapered along 1 month.




DISCUSSION

MIS-C is a recent recognized spectrum of disease manifestations in children associated with SARS-CoV-2 infection (13). However, few cases were reported in literature so far.

The clinical characteristics of children with MIS-C are still poorly defined (14). The most frequent symptoms at the onset of the disease are fever, gastrointestinal symptoms (vomiting, abdominal pain, diarrhea), cutaneous rash, respiratory symptoms (cough and dyspnea), and mucosal changes (15). Cardiovascular symptoms were described in about 70% of cases (14), and heart involvement is the most feared complication. A ventricular systolic dysfunction was found in about 55% of patients at the time of discharge with a mortality of < 2% (16).

MIS-C clinical manifestations often overlapped with Kawasaki disease (fever, rash, conjunctival injection) (16, 17), but patients with MIS-C are typically older, involving more frequent children between 5 and 9 years of age (5, 15, 18). Our patients were 6 and 12 years old, and their main clinical manifestations were fever, cutaneous rash, and a mild cardiac involvement. In fact, although early reports of MIS-C all involved cardiovascular shock, cardiovascular collapse is not a requirement for diagnosis (19). Neither respiratory symptoms nor mucosal changes were reported in our patients, but a mild increase in pancreatic enzymes in the first child and vomiting in the second child were documented.

The most frequent laboratory findings are an increase in inflammatory indices (CRP, procalcitonin, ferritin, ERS, IL-6), cardiac markers (BNP, troponin), and D-dimer levels, leukocytosis (with lymphopenia), and reduced albumin levels (12, 16). According to the CDC, positivity for SARS-CoV-2 antibodies was documented in 98% of 1,097 confirmed cases of MIS-C (12). These laboratory findings were all recognized in our patient, except for reduced albumin levels.

Patients with MIS-C require real-time assessment, cardiology reassessment, and imaging frequency depend on disease severity. Regular cardiac testing includes serial ECG, echocardiography, and rhythm monitoring, with consideration of cardiac MRI and exercise stress testing as clinically indicated. McMurray et al. (16) suggest more frequent echocardiography assessment during the 1st week of presentation, then spacing the frequency once the clinical trajectory is better established. The most frequent echocardiographic findings in MIS-C patients are left ventricular systolic dysfunction with decreased ejection fraction, coronary aneurysms, or dilatation and pericardial effusion (15). In the first case, a worsening mitral regurgitation and a QT prolongation 5 days after the fever onset were found. Although valve damage is included in the WHO diagnostic criteria (9), few cases of mitral regurgitation without ventricular dysfunction in MIS-C-affected children were reported. Blondiaux et al. (20) found a mitral valve regurgitation related to the left ventricle dilatation during the acute phase of the disease in two children. In our patient, the serial echocardiographic controls detected the worsening valve damage that did not reflect the clinical and laboratory improvement of the patient.

The pathogenesis of cardiac damage in MIS-C is not yet known. Recent studies hypothesized that high levels of interleukin-6 and interleukin-1β may play a key role in triggering a cytokine storm and consequent myocardial damage (15, 16). As in the pathogenesis of valvular damage in rheumatic carditis (21), we speculate that the cytokine storm might cause inflammation in the connective tissue of the mitral valve of our patient with a complete restitutio ad integrum of the valve function after complete resolution of the inflammatory process.

In the second case, a worsening ejection fraction and mitral regurgitation associated with a first-degree AVB appeared 7 days after fever onset. Myocarditis is the main cause of AVB in young and middle-aged patients (22), and conduction abnormalities were also observed during the SARS-CoV outbreak in 2002–2003 (23). Cardiac arrhythmias were reported in 16.7% out of 138 hospitalized COVID-19 patients in a retrospective single-center case series (24), and an asymptomatic AVB was found in subclinical myocarditis without extensive systemic or myocardial involvement (25).

It is not yet understood if arrhythmia and AVB in particular are due to direct viral involvement or to an exaggerated inflammatory response. However, many cases of arrhythmia during MIS-C several weeks after the infection acute phase suggest that the underlying mechanism could be the myocardium local inflammation (26) due to a high systemic inflammatory response via cytokine release (interleukin-6 and tumor necrosis factor-a) (27) causing edema of the conduction tissue (28).

In a recent series including 25 children with MIS-C, ECG anomalies were found in 56% of children and included PR and QTc prolongation and ST segment changes. First-degree AVB was found in 20% (5/25) of children at a median of 6 days after fever onset, and four out of five patients evolved to second- or third-degree AVB (29). Differently from non-COVID-19-related myocarditis, no patients with MIS-C-related AVB required acute resuscitation, pacing, or medication. First-degree AVB resolved between 10 and 14 days after the fever onset in four of five children, and higher-grade AVB resolved within about 1 week (29). Therefore, ECGs should be monitored for evidence of PR prolongation, especially in children who develop first-degree AVB because of the risk of progression to high-grade AVB.

A rapid diagnostic setting is important to promptly direct appropriate therapy to prevent long-term sequelae such as coronary dilatation, fibrosis, and scarring of the heart and to reduce the chance of being admitted to the intensive care unit (30).

To date, no comparative studies on the different therapeutic approaches to the disease were performed. The current therapeutic recommendations proposed by the American College of Rheumatology (30) and the Rheumatology Study Group of the Italian Society of Pediatrics (31) are based on therapeutic regimens for Kawasaki disease and recommendations from professional societies. The current treatment protocols can be grouped under four categories (supportive, antibiotics, anti-inflammatory, anticoagulant). The supportive care consists of respiratory support and maintenance of fluid electrolyte balance and blood pressure. Broad-spectrum antibiotics empirically treat potential bacterial infections. The anti-inflammatory management consists of high-dose intravenous immunoglobulin (IVIG) at 2 g/kg (30, 32). Anti-inflammatory treatment aims to reduce tissue inflammation to prevent or limit the progression of coronary aneurysm and cardiac injury reducing significantly cytokines, monocytes, macrophages, neutrophils, and activated T cells and increasing natural killer cells (33). Similarly to Kawasaki disease, in MIS-C patients IVIG administration is followed by a rapid resolution of symptoms (32) and a considerable clinical and laboratory improvement was also found in our patient after IVIG administration. Antiplatelet agents are also recommended, given the risk of thrombosis associated with coagulation abnormalities in patients with MIS-C (increased D-dimer fibrinogen and platelets) (30).

Corticosteroids and biologic response modified such as Anakinra (IL-1 receptor antagonist) should be considered under the guidance of rheumatology consultation. The goal is to control and eliminate inflammation as quickly as possible before the onset of tissue damage (34).

Lastly, anticoagulation with enoxaparin or warfarin is indicated in MIS-C patients with a coronary artery z-score >10.0 or moderate/severe left ventricular dysfunction (EF <35%) (30).

About our experience, ASA therapy was continued for 28 days in both patients, until it was proven that there were no coronary artery aneurysms 4 weeks after the disease onset, even if platelet count normalization occurred at 23 days in the first patient. After the initial methylprednisolone administration, a progressive tapering of oral prednisone for ~2–4 weeks was done.

Although ventricular dysfunction appears to resolve quickly in most MIS-C patients, the long-term complications of myocardial inflammation are unknown and may include myocardial fibrosis and scarring. For this reason, cardiac MRI should be performed 2–6 months after the acute event in all patients with abnormal ventricular function (30). Cardiac MRI of our patients did not find signs of fibrosis or scarring. So, early diagnosis and early adequate therapy may positively impact long-term outcomes.

In conclusion, knowledge about this pathology is still very poor. These cases illustrate that MIS-C can develop despite SARS-CoV-2 infection severity and highlight the importance of the awareness of this new entity for a promptly diagnosis and treatment to avoid cardiac sequelae as much as possible.

Although cardiac involvement is common, not all MIS-C cases are characterized by severe clinical features requiring intensive care and these patients can often be managed in pediatric wards. However, children with MIS-C should perform frequent echocardiogram to detect valve and myocardial damage and frequent ECGs to monitor for PR prolongation and atrioventricular conduction disease, even at follow-up after discharge.

Unfortunately, long-term outcomes of heart involvement were not yet known. Follow-up will permit to clarify the long-term evolution and to stratify patients. Further research is needed to better understand the pathogenesis of this newly described condition, to validate a high-level recommended therapy and a specific therapy tapering timings.
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