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Abstract
Multisystem inflammatory syndrome in children is a term that encompasses the systemic inflammation seen in children 
4–6 weeks following COVID-19 infection. Cardiac involvement is common in this condition and can range from mild myo-
carditis to severe hypotension and cardiogenic shock, but not all patients display overt cardiac symptoms. We present three 
such patients who presented with a variety of systemic inflammatory symptoms but lacked apparent cardiac symptoms, 
and all had normal left ventricular ejection fraction but reduced global longitudinal strain (GLS). GLS is a cardiac tissue 
deformation index measured by Echocardiography to detect early changes in global function even before changes in ejection 
fraction are seen. We suggest this finding may indicate subclinical myocardial injury and stress the need for closer evaluation 
and follow-up for these patients as well as further research on both the short- and long-term effects of COVID-19 on cardiac 
function in the pediatric population.
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Introduction

What was first reported in March 2020 as a “Kawasaki-like” 
illness in children with COVID-19 in Bergamo, Italy is now 
better known as multisystem inflammatory syndrome in 
children (MIS-C) [1], a hyperinflammatory syndrome with 
multiorgan dysfunction typically occurring 4–6 weeks after 
infection. The Center for Disease Control (CDC) diagnostic 
criteria for MIS-C include fever for ≥ 24 h, elevated inflam-
matory markers in the blood, and clinically severe illness 
involving ≥ 2 organ systems and requiring hospitalization 
in patients < 21 years of age currently or recently diagnosed 
with COVID-19 [2].

Cardiac involvement is common and can range from mild 
myocarditis (the most common finding in the acute phase) 
to severe hypotension and cardiogenic shock. Left ventricu-
lar ejection fraction (LVEF) reduction and abnormalities 
in multiple echocardiographic parameters of cardiac tissue 
deformation have been reported in MIS-C patients with var-
ying levels of cardiac symptoms, with reduced global longi-
tudinal strain (GLS) being the strongest predictor of myocar-
dial injury [3]. Here we present 3 cases of GLS reduction in 
MIS-C patients with preserved LVEF who lacked apparent 
cardiac symptoms and suggest its potential to indicate sub-
clinical myocardial injury.

Case Presentation

Case 1: A 14-year-old previously healthy male presented 
with 2 days of right lower quadrant abdominal pain, nau-
sea, diarrhea, loss of appetite, fevers (Tmax 103.3F), and 
chills. Admission laboratory tests were remarkable for 
an elevated CRP of 33.5 (N: ≤ 8 mg/L), ALP of 223 (N: 
38–126 U/L), and a positive COVID-19 IgG antibody test 
(he had tested positive for COVID-19 6 weeks prior). A 
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CT abdomen-pelvis was obtained which showed hepa-
tomegaly/fatty liver and wall thickening of the ascend-
ing colon but no signs of appendicitis. As the patient’s 
CRP increased, MIS-C was suspected. Additional labs 
were obtained significant for an elevated D-dimer of 759 
(N: ≤ 232 ng/mL), fibrinogen of 670 (N: 120–450 mg/
dL), ferritin of 389 (N: 20–300 ng/mL), and ESR of 37 
(N: 0–15 mm/hour) indicating inflammatory process and 
thrombocytopenia, with platelets reaching a low of 85 (N: 
175–332 × 103/μL). Transthoracic echocardiogram (TTE) 
showed apical wall hypokinesis and a reduced GLS of 
− 15.5 (N: − 22) (Fig. 1). EKG showed shortened PR 
intervals and delta waves, consistent with Wolff-Parkin-
son-White (WPW) syndrome (for which he had a positive 
family history but had not been diagnosed himself). BNP 
and troponins were normal. The diagnosis of MIS-C was 
made and the patient was started on intravenous immuno-
globulin (IVIG), steroids, and low-dose aspirin. Gradually, 
his thrombocytopenia and leukocytosis improved, CRP 
down trended (after reaching a max of 115.8), symptoms 
improved, and he was discharged home. At 4-week fol-
low-up, he remained asymptomatic (although he had been 
refraining from exercise) and his labs had normalized, but 
a repeat TTE showed persistent apical wall hypokinesis 
and decreased GLS of − 10. Cardiac magnetic resonance 
imaging (CMR) and stress test have been ordered for fur-
ther analysis and he is being continued on aspirin.

Case 2: A 6-year-old  previously healthy male pre-
sented with 6 days of high fever (Tmax 104F), nausea, vom-
iting, diarrhea, abdominal pain and 2 days of diffuse body 
rash, bilateral conjunctival injection, eyelid swelling, and 
lower extremity swelling. Admission labs were significant 
for an elevated ESR of 16 (N: 0–15 mm/hour), CRP of 202 
(N: ≤ 8 mg/L), procalcitonin of 26 (≤ 0.09 ng/mL), D-dimer 
of 2767 (N: ≤ 232 ng/mL), ferritin of 1355 (N: 20–300 ng/
mL), and a decreased platelet count of 94 (N: 206–369 × 103/
μL). BNP was elevated at 296 (N: ≤ 100 pg/mL) and tro-
ponins were negative. Both COVID PCR and IgG antibody 
tests were positive indicating prior infection; while the 
patient did not experience symptoms himself, members of 
his household had tested positive 4 weeks prior. EKG was 
normal and TTE showed a reduced GLS of − 17.9 with 
no other abnormalities. A diagnosis of MIS-C was made 
and the patient was started on IVIG, solumedrol, and low-
dose aspirin. His CRP and BNP began to decrease, platelet 
count increased, and overall symptoms improved. He was 
discharged home after a week-long admission. At 2-week 
follow-up, the patient remained asymptomatic. Repeat TTE 
at this time showed a slightly improved but persistently 
reduced GLS of − 18.6 with no other abnormalities (Fig. 2).

Case 3: A 7-year-old previously healthy male presented 
with 5 days of fevers (Tmax 104F), abdominal pain, and 
vomiting as well as 2 days of an erythematous macular rash 
with central clearing on the abdomen and bilateral lower 

Fig. 1   GLS imaging for Case 
1: Echocardiography and 
strain curves showing the left 
ventricular peak systolic longi-
tudinal strain to be − 164.31%, 
− 174.26%, and − 121.97% for 
A4C, A2C, and A3C views, 
respectively, and the average 
peak GLS to be − 153.5%. A4C 
apical 4-chamber view, A2C 
apical 2-chamber view, A3C 
apical 3-chamber view
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extremities, bilateral conjunctival injection, eyelid swelling, 
and cracked lips. Admission labs were significant for an ele-
vated CRP of 44 (N: ≤ 8 mg/L), D-dimer of 933 (N: ≤ 232 ng/
mL), and a decreased albumin of 2.2 (N: 3.5–4.8 g/dL). BNP 
was mildly elevated at 185 (N: ≤ 100 pg/mL) and troponins 
were negative. EKG and TTE were normal and right upper 
quadrant ultrasound showed mild hepatomegaly. COVID 
IgG test was positive; while the patient himself did not expe-
rience symptoms in the past, a member of his household 
had tested positive 4 weeks prior. A diagnosis of MIS-C 
was made and the patient was started on IVIG and steroids. 
His symptoms greatly improved, CRP down trended, and he 
was discharged home. At 4-week follow-up, the patient was 
asymptomatic; repeat EKG was normal while TTE showed a 
reduced GLS of − 17.5 with trace mitral and tricuspid valve 
regurgitation (Fig. 3). He is being closely followed up for 
further monitoring of cardiac function.

Discussion

GLS is a parameter measured by speckle-tracking echocardi-
ography, a technique that uses 2D imaging to evaluate both 
global and regional left ventricular systolic function [4]. It 
has recently gained popularity with studies showing it is a 
stronger and more reproducible measure of systolic func-
tion [5] than the traditional LVEF and is especially useful 

in detecting mild/subclinical cardiac dysfunction in patients 
with preserved LVEF [6]. A normal GLS value is approxi-
mately − 22.

While the literature on MIS-C is limited, a handful of 
studies have described patients with cardiac manifestations 
such as myocarditis, acute heart failure, or cardiogenic 
shock and reported abnormal echocardiographic parameters 
including GLS reduction (as is expected) [3, 7–9]. Matsub-
ara et al. found GLS to be one of the strongest predictors of 
myocardial injury (as defined by increased BNP and tro-
ponins) in these patients along with global circumferential 
strain, peak left atrial strain, and peak longitudinal strain of 
the right ventricular free wall [3].

GLS reduction has not, however, been studied in MIS-C 
patients who lack overt cardiac symptoms, such as those 
in our study. Our cases presented with various systemic 
inflammatory symptoms but did not display signs of car-
diac involvement such as profound hypotension, tachycar-
dia, or dyspnea and had normal LVEF values, negative tro-
ponins, and unremarkable EKG tracings. Two patients had 
mildly elevated BNPs on admission and two showed wall 
motion/valvular abnormalities on TTE. All three patients 
had reduced GLS values which persisted (and in one case 
worsened) on follow-up 2–4 weeks after recovery.

Given the evidence showing GLS as a sensitive measure of 
ventricular dysfunction, we suggest that GLS reduction may 
indicate subclinical myocardial injury in these patients and/or 

Fig. 2   GLS imaging for Case 
2: Echocardiography and strain 
curves showing the left ven-
tricular peak systolic longitu-
dinal strain to be − 1821.36%, 
− 186.93%, and − 168.50% for 
A4C, A2C, and A3C views, 
respectively, and the average 
peak GLS to be − 178.96%. 
A4C apical 4-chamber view, 
A2C apical 2-chamber view, 
A3C apical 3-chamber view
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predict oncoming cardiac symptoms and loss of LVEF. Fur-
ther research is needed to better elucidate this relationship. 
A recent study in China of adult patients who had recovered 
from COVID-19 also reported reduced GLS values in those 
lacking cardiac symptoms during illness, similarly suggesting 
subclinical myocarditis caused by the virus [10]. Such a study 
in pediatric patients is warranted. It would be particularly ben-
eficial to study children with elevated troponin levels in the 
setting of normal LVEF as well.

Although the clinical significance of this relationship is 
unknown, it is important for patients with asymptomatic GLS 
reduction to undergo further evaluation of cardiac function. 
We suggest CMR, which may detect features of myocardi-
tis not found on TTE. Previous studies of viral myocarditis 
have shown that GLS (and other tissue deformation indexes) 
can independently predict ventricular dysfunction in patients 
with CMR-proven myocarditis and normal LVEF with high 
sensitivity and specificity [11]. Similarly, close follow-up and 
monitoring for worsening cardiac involvement is necessary for 
these patients after they recover from initial infection.

Conclusion

Pediatric patients with MIS-C secondary to COVID-19 
who lack overt cardiac symptoms often have reduced GLS 
and other abnormalities in cardiac deformation parameters, 

which may indicate subclinical myocardial injury. These 
patients would benefit from further evaluation and close 
follow-up to monitor cardiac function after recovery. As 
the pandemic continues, further research is needed to bet-
ter understand the subclinical effects of COVID-19 on 
cardiac function both during and after initial infection.
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Fig. 3   GLS imaging for Case 
3: Echocardiography and strain 
curves showing the left ven-
tricular peak systolic longitu-
dinal strain to be − 1920.10%, 
− 157.70%, and − 175.87% for 
A4C, A2C, and A3C views, 
respectively, and the average 
peak GLS to be − 17.56%. A4C 
apical 4-chamber view, A2C 
apical 2-chamber view, A3C 
apical 3-chamber view



237Pediatric Cardiology (2022) 43:233–237	

1 3

References

	 1.	 Verdoni L et al (2020) An outbreak of severe Kawasaki-like 
disease at the Italian epicentre of the SARS-CoV-2 epidemic: 
an observational cohort study. Lancet 395(10239):1771–1778. 
https://​doi.​org/​10.​1016/​S0140-​6736(20)​31103-X

	 2.	 CDC (2020) Multisystem inflammatory syndrome in children 
(MIS-C). Centers for Disease Control and Prevention, Atlanta

	 3.	 Matsubara D et al (2020) Echocardiographic findings in pediatric 
multisystem inflammatory syndrome associated with COVID-19 
in the United States. J Am Coll Cardiol 76(17):1947–1961. https://​
doi.​org/​10.​1016/j.​jacc.​2020.​08.​056

	 4.	 Karlsen S et al (2019) Global longitudinal strain is a more repro-
ducible measure of left ventricular function than ejection fraction 
regardless of echocardiographic training. Cardiovasc Ultrasound 
17(1):18. https://​doi.​org/​10.​1186/​s12947-​019-​0168-9

	 5.	 Ersbøll M et al (2013) Prediction of all-cause mortality and heart 
failure admissions from global left ventricular longitudinal strain 
in patients with acute myocardial infarction and preserved left 
ventricular ejection fraction. J Am Coll Cardiol 61(23):2365–
2373. https://​doi.​org/​10.​1016/j.​jacc.​2013.​02.​061

	 6.	 Smiseth OA, Torp H, Opdahl A, Haugaa KH, Urheim S (2016) 
Myocardial strain imaging: how useful is it in clinical decision 
making? Eur Heart J 37(15):1196–1207. https://​doi.​org/​10.​1093/​
eurhe​artj/​ehv529

	 7.	 Gaitonde M et al (2020) COVID-19-related multisystem inflam-
matory syndrome in children affects left ventricular function and 

global strain compared with Kawasaki disease. J Am Soc Echocar-
diogr Off Publ Am Soc Echocardiogr 33(10):1285–1287. https://​
doi.​org/​10.​1016/j.​echo.​2020.​07.​019

	 8.	 Regan W et al (2021) Electrocardiographic changes in children 
with multisystem inflammation associated with COVID-19: asso-
ciated with coronavirus disease 2019. J Pediatr. https://​doi.​org/​10.​
1016/j.​jpeds.​2020.​12.​033

	 9.	 Theocharis P et al (2020) Multimodality cardiac evaluation in 
children and young adults with multisystem inflammation associ-
ated with COVID-19. Eur Heart J—Cardiovasc Imaging. https://​
doi.​org/​10.​1093/​ehjci/​jeaa2​12

	10.	 Li X et al (2021) Elevated extracellular volume fraction and 
reduced global longitudinal strains in patients recovered from 
COVID-19 without clinical cardiac findings. Radiology. https://​
doi.​org/​10.​1148/​radiol.​20212​03998

	11.	 Khoo NS, Smallhorn JF, Atallah J, Kaneko S, Mackie AS, Pater-
son I (2012) Altered left ventricular tissue velocities, deformation 
and twist in children and young adults with acute myocarditis and 
normal ejection fraction. J Am Soc Echocardiogr Off Publ Am 
Soc Echocardiogr 25(3):294–303. https://​doi.​org/​10.​1016/j.​echo.​
2011.​10.​010

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/S0140-6736(20)31103-X
https://doi.org/10.1016/j.jacc.2020.08.056
https://doi.org/10.1016/j.jacc.2020.08.056
https://doi.org/10.1186/s12947-019-0168-9
https://doi.org/10.1016/j.jacc.2013.02.061
https://doi.org/10.1093/eurheartj/ehv529
https://doi.org/10.1093/eurheartj/ehv529
https://doi.org/10.1016/j.echo.2020.07.019
https://doi.org/10.1016/j.echo.2020.07.019
https://doi.org/10.1016/j.jpeds.2020.12.033
https://doi.org/10.1016/j.jpeds.2020.12.033
https://doi.org/10.1093/ehjci/jeaa212
https://doi.org/10.1093/ehjci/jeaa212
https://doi.org/10.1148/radiol.2021203998
https://doi.org/10.1148/radiol.2021203998
https://doi.org/10.1016/j.echo.2011.10.010
https://doi.org/10.1016/j.echo.2011.10.010

	Global Longitudinal Strain Reduction in the Absence of Clinical Cardiac Symptoms in Multisystem Inflammatory Syndrome in Children Associated with COVID-19: A Case Series
	Abstract
	Introduction
	Case Presentation
	Discussion
	Conclusion
	References




