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BACKGROUND Centers from Europe and United States have reported an exceedingly high number of children with a

severe inflammatory syndrome in the setting of coronavirus disease 2019, which has been termed multisystem inflam-

matory syndrome in children (MIS-C).

OBJECTIVES This study aimed to analyze echocardiographic manifestations in MIS-C.

METHODS A total of 28 MIS-C, 20 healthy control subjects and 20 classic Kawasaki disease (KD) patients were

retrospectively reviewed. The study reviewed echocardiographic parameters in the acute phase of the MIS-C and KD

groups, and during the subacute period in the MIS-C group (interval 5.2 � 3 days).

RESULTS Only 1 case in the MIS-C group (4%) manifested coronary artery dilatation (z score ¼ 3.15) in the acute phase,

showing resolution during early follow-up. Left ventricular (LV) systolic and diastolic function measured by deformation

parameters were worse in patients with MIS-C compared with KD. Moreover, MIS-C patients with myocardial injury were

more affected than those without myocardial injury with respect to all functional parameters. The strongest parameters

to predict myocardial injury in MIS-C were global longitudinal strain, global circumferential strain, peak left atrial strain,

and peak longitudinal strain of right ventricular free wall (odds ratios: 1.45 [95% confidence interval (CI): 1.08 to 1.95],

1.39 [95% CI: 1.04 to 1.88], 0.84 [95% CI: 0.73 to 0.96], and 1.59 [95% CI: 1.09 to 2.34], respectively). The preserved

LV ejection fraction (EF) group in MIS-C showed diastolic dysfunction. During the subacute period, LVEF returned to

normal (median from 54% to 64%; p < 0.001) but diastolic dysfunction persisted.

CONCLUSIONS Unlike classic KD, coronary arteries may be spared in early MIS-C; however, myocardial injury is common.

Even preserved EF patients showed subtle changes in myocardial deformation, suggesting subclinical myocardial injury.

During an abbreviated follow-up, there was good recovery of systolic function but persistence of diastolic dysfunction and

no coronary aneurysms. (J Am Coll Cardiol 2020;76:1947–61) © 2020 by the American College of Cardiology Foundation.
T he novel coronavirus disease 2019 (COVID-
19) is caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) and
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Italian outbreak, Verdoni et al. (1) first re-
ported an exceedingly high number of Kawa-
saki disease (KD)–like cases starting in March
2020, with a monthly incidence that greatly
exceeded the monthly incidence of the previ-
ous 5 years. Moreover, there was a clear start-
ing point after the first case of COVID-19 was
diagnosed in the Italian epicenter (1).
SEE PAGE 1962
More recently, several centers in the
United States and Europe have reported
similar KD-like illness or symptoms of toxic
shock syndrome in children who have tested
positive for COVID-19 (2,3). These patients
may develop a cytokine storm possibly due to
activation of macrophages, similar to the
secondary hemophagocytic lymphohistiocy-
tosis syndrome triggered by some other viral
infections (4). The condition has been termed
“multisystem inflammatory syndrome in
children (MIS-C)” or “pediatric multisystem
inflammatory syndrome (PMIS)” and is characterized
by a hyperinflammatory syndrome with multiorgan
dysfunction (3,5,6). The disease appears to be a
delayed post-infectious response with a lag time of 4
to 6 weeks following mostly asymptomatic exposure
to the SARS-CoV-2 (7). This diagnosis has received
widespread coverage in the lay press and has been a
cause for consternation for both physicians and par-
ents alike, due to a paucity of published research
about its cardiac manifestations.

Recent studies have described coronary artery
anomalies and conventional echocardiographic
1 Demographics in 3 Groups

MIS-C (Total)
(n ¼ 28)

Control
(n ¼ 20)

C

11.4 (8.0–13.7) 9.0 (7.6–10.7) 3.

50 55

ight, kg 47.9 (36.4–65.7) 31.7 (26.5–43.0) 16.3

1.43 (1.14–1.73) 1.09 (1.00–1.35) 0.64

m2 22.5 (19.4–25.7) 17.8 (16.7–19.4) 16.0

e, beats/min 116 (89̶ 136) 78 (72–88) 119

BP, mm Hg 99 (94–112) 107 (101–112) 100

BP, mm Hg 56 (51–62) 59 (56–68) 5

nicity

American 46 20

ian 25 65

ic 14 5

4 5

/unknown 11 5

median (interquartile range) or %.

ody mass index; BP ¼ blood pressure; BSA ¼ body surface area; KD ¼ Kawas
parameters like ejection fraction (EF) and annular
velocities in MIS-C patients. However, the detailed
analysis of cardiac mechanics using deformation pa-
rameters are lacking. Deformation parameters are
sensitive tools to detect subtle changes in myocardial
function and have not been studied in this disease
(8). Moreover, comparison of MIS-C with classic KD is
sparse in published data and needs to be studied in
greater detail.

Our group set out to analyze primarily the cardiac
manifestations of MIS-C, following a positive diag-
nosis of COVID-19. Our aim was to describe anatomic
and functional echocardiographic manifestations of
this disease in children. We hypothesized that MIS-C
may be associated with reduced systolic and dia-
stolic function similar to other forms of viral
myocarditis and may produce dilatation of coronary
arteries similar to KD.

METHODS

STUDY POPULATION. This is a retrospective, single-
center study performed at The Children’s Hospital
of Philadelphia. We retrospectively reviewed data
from patients who were admitted to our institution
and its affiliate institutions with the diagnosis of
MIS-C over a 2-month period, from April 10, 2020, to
June 7, 2020. The clinical diagnosis of MIS-C was
made according to the health advisory put forth by
the U.S. Centers for Disease Control and Prevention
and the World Health Organization (3,5).

All patients were tested for the SARS-CoV-2 virus
during the hospital course by nasopharyngeal swab
polymerase chain reaction and a chemiluminescent
lassic KD
(n ¼ 20)

p Value

MIS-C vs. Control MIS-C vs. KD Control vs. KD

1 (2.3–4.1) 0.39 <0.001 <0.001

75 0.78 0.14 0.14

(13.3–17.5) 0.048 <0.001 <0.001

(0.59–0.71) 0.07 <0.001 <0.001

(15.3–17.7) 0.002 <0.001 0.30

(105–140) <0.001 0.74 <0.001

(96–109) 0.65 0.96 0.30

5 (50–64) 0.27 0.97 0.27

20 0.22 0.22 1.0

40 0.02 0.41 0.41

5 1.0 1.0 1.0

15 1.0 0.88 1.0

20 1.0 1.0 1.0

aki disease; MIS-C ¼ multisystem inflammatory syndrome in children.



TABLE 2 Results of Conventional Echocardiographic Parameters in 3 Groups

MIS-C (Total) (n ¼ 28) Control (n ¼ 20) Classic KD (n ¼ 20)

p Value

MIS-C vs. Control MIS-C vs. KD

MR > trivial 13 (46) 0 (0) 3 (15) <0.001 0.06

Pericardial effusion 9 (32) 0 (0) 3 (15) 0.02 0.46

Pleural effusion 11 (39) 0 (0) 0 (0) 0.004 0.004

LVEF, % 57 (48–61) 64 (61–66) 66 (59–69) <0.001 0.003

LVFS, % 32 (26–38) 38 (35–39) 36 (32–40) 0.02 0.09

E/A ratio 1.30 (1.16–2.78) 2.21 (1.88–2.59) 1.46 (1.31–2.10) 0.14 —

Septal mitral eʹ, m/s 0.13 (0.09–0.13) 0.12 (0.11–0.13) 0.11 (0.10–0.11) 0.97 —

Lateral mitral eʹ, m/s 0.15 (0.14–0.17) 0.20 (0.20–0.20) 0.14 (0.11–0.14) 0.001 —

Lateral eʹ/septal eʹ ratio 1.37 (1.24–1.52) 1.38 (1.26–1.51) 1.27 (1.10–1.40) 0.94 0.42

Averaged E/eʹ ratio 8.2 (7.5–10.6) 6.7 (6.1–8.2) 8.3 (8.1–9.3) 0.02 —

TAPSE, cm 2.0 (1.6–2.1) 2.1 (1.9–2.4) 1.9 (1.6–2.0) 0.01 0.99

RVFW eʹ, m/s 0.15 (0.13–0.18) 0.14 (0.13–0.15) 0.14 (0.11–0.16) 0.47 —

Values are n (%) or median (interquartile range).

KD ¼ Kawasaki disease; LVEF ¼ left ventricular ejection fraction; LVFS ¼ left ventricular fractional shortening; MIS-C ¼ multisystem inflammatory syndrome in children;
MR ¼ mitral regurgitation; RVFW ¼ right ventricle free wall; TAPSE ¼ tricuspid annular plane systolic excursion.

TABLE 3 Results of Coronary Artery Echocardiography in KD and MIS-C Groups

Acute Phase

p Value

Follow-Up

Classic KD
(n ¼ 20)

MIS-C (Total)
(n ¼ 28)

MIS-C (Total)
(n ¼ 20)

Illness day at echocardiography* 6 (6–8) 6 (5–7) 0.20 10 (8–14)

Coronary dilatation 2 (10) 0 (0) 0.17 0 (0)

Coronary ectasia 0 (0) 1 (4) 1.0 0 (0)

Coronary aneurysm 2 (10) 0 (0) 0.17 0 (0)

Values are median (interquartile range) or n (%). *Illness day 1 ¼ first day of fever.

KD ¼ Kawasaki disease; MIS-C ¼ multisystem inflammatory syndrome in children.
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microparticle immunoassay for the qualitative
detection of immunoglobulin G antibodies to the
nucleocapsid protein of the SARS-CoV-2. The patients
were formally diagnosed with COVID-19 infection if
any of these tests were positive. We excluded MIS-C
patients with underlying cardiac diseases, those
with acute respiratory distress syndrome, those
treated with extracorporeal membrane oxygenation
therapy, as well as those who had undergone
chemotherapy in the past. We classified MIS-C pa-
tients as “KD-like” or “toxic shock–like” based on
their symptoms. Shock-like presentation was charac-
terized by signs of cardiovascular collapse requiring
volume resuscitation and vasopressors, and requiring
intensive care. Moreover, we divided MIS-C patients
into 2 groups: a clinically suspected myocardial injury
(þ) group versus myocardial injury (�) group.
Because none of the patients underwent endomyo-
cardial biopsies or cardiac magnetic resonance imag-
ing (CMR), we defined myocardial injury based on 2
biomarkers, elevated brain natriuretic peptide (BNP)
(>500 pg/ml) and/or positive troponin-I (>0.3 ng/ml)
(9,10). We further divided MIS-C patients into 2
additional groups: a preserved left ventricle (LV)
ejection fraction (EF) group (LVEF $55%) versus an
impaired LVEF (LVEF <55%) group (11).

As a control group, we included 20 healthy controls
among similar age groups with no structural and
functional heart defects who visited our hospital
before the COVID-19 pandemic for evaluation of heart
murmurs, chest pain, or syncope. In addition, we
included a second control group of 20 consecutive
patients of classic KD from the pre-COVID-19
pandemic era (from January 2019 to December
2019). These classic KD patients had no previous
episodes of KD and were studied within the first
7 days of their illness.

We reviewed echocardiographic images in the
acute phase in our MIS-C and KD groups. The majority
of the initial echocardiographic examination was
performed before the administration of intravenous
immunoglobulin (IVIG). Follow-up echocardiographic
images in subacute period were also reviewed in the
MIS-C group.

ECHOCARDIOGRAPHY. Two-dimensional echocardi-
ography was performed by experienced cardiac
sonographers using 2 different ultrasound systems.
To observe infection control protocols, for some of
the MIS-C patients, an Affiniti 70C ultrasound system
(Philips Medical Systems, Andover, Massachusetts)
was used. For the rest of the COVID-19 patients, all of
the KD patients and all normal control subjects, the
EPIC CVx ultrasound system (Philips Medical Sys-
tems) was used. Standard echocardiographic mea-
surements were made in accordance with American
Society of Echocardiography guidelines including



TABLE 4 Results of Strain Parameters in 3 Groups

MIS-C (Total) (n ¼ 28) Control (n ¼ 20) Classic KD (n ¼ 20)

p Value

MIS-C vs. Control MIS-C vs. KD

GLS, % �16.2 (�19.5 to �13.6) �22.5 (�23.7 to �21.1) �20.1 (�21.8 to �18.1) <0.001 0.02

GLSR, 1/s �0.84 (�1.05 to �0.71) �1.15 (�1.24 to �1.08) �1.18 (�1.30 to �1.05) <0.001 <0.001

GCS, % �18.1 (�21.4 to �16.0) �23.9 (�26.5 to �22.8) �21.4 (�25.5 to �19.3) <0.001 0.03

GCSR, 1/s �0.93 (�1.15 to �0.78) �1.35 (�1.55 to �1.25) �1.25 (�1.43 to �1.10) <0.001 0.001

EDSRL, 1/s 0.91 (0.76 to 1.13) 1.66 (1.40 to 1.90) 1.26 (1.05 to 1.48) <0.001 0.003

EDSRC, 1/s 1.02 (0.90 to 1.15) 1.77 (1.63 to 2.09) 1.28 (1.15 to 1.55) <0.001 0.001

LAS, % 26.5 (20.0 to 33.7) 40.5 (37.7 to 46.8) 34.7 (30.4 to 37.0) <0.001 0.04

RVFWLS, % �18.9 (�24.0 to �14.3) �28.2 (�30.4 to �24.5) �24.4 (�27.1 to �21.8) <0.001 0.02

Values are median (interquartile range).

EDSRC ¼ circumferential early diastolic strain rate; EDSRL ¼ longitudinal early diastolic strain rate; GCS ¼ global circumferential strain; GCSR ¼ global circumferential strain
rate; GLS ¼ global longitudinal strain; GLSR ¼ global longitudinal strain rate; KD ¼ Kawasaki disease; LAS ¼ left atrial strain; MIS-C ¼ multisystem inflammatory syndrome in
children; RVFWLS ¼ right ventricular free wall longitudinal strain.

FIGURE 1 Echocardiographic Image of a Patient With MIS-C

With Normal Coronary Arteries

Although the coronary artery may appear prominent, the Z

score is 1.7 for left anterior descending artery (LAD) and 1.3 for

right coronary artery (RCA).
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LVEF using Simpson’s biplane method, the early and
late mitral inflow peak velocities by spectral Doppler,
tricuspid annular plane systolic excursion by M-
mode, and the early diastolic septal and lateral mitral
annular peak velocities and lateral tricuspid annular
peak velocity by tissue Doppler. LVEF was confirmed
by expert reviewers in all MIS-C patients.

In addition, we paid special attention to evaluate
coronary artery abnormalities in both the KD and
MIS-C groups in accordance with standard guidelines.
Coronary artery z-scores were derived from previ-
ously described normative data (Boston z score sys-
tem) and used to classify coronary artery
abnormalities as follows: normal <2, dilatation $2
to <2.5, aneurysm $2.5. Based on the American Heart
Association (AHA) statement paper of the KD com-
mittee, we defined ectasia as coronary dilatation
without a segmental aneurysm (12). Before listing
coronary arteries as dilated or aneurysmal, the mea-
surements were rechecked by 2 investigators (A.B.,
M.Q.) blinded to clinical data.

SPECKLE TRACKING ANALYSIS. Myocardial defor-
mation was assessed offline using 2-dimensional
speckle tracking vendor-independent software (2D
CPA 1.3.0.91, TomTec Imaging Systems, Munich,
Germany). The endocardial border in LV was auto-
matically traced after manually setting the timing of
end-diastole and -systole in a single-loop. The trace
was adjusted manually if needed.

Peak longitudinal strain (LS) and systolic longitu-
dinal strain rate were calculated by the software from
4-, 3-, and 2-chamber images, and averaged for global
longitudinal strain (GLS) and global longitudinal
strain rate (GLSR). Longitudinal early diastolic strain
rate (EDSRL), peak global left atrial strain (LAS), and
peak longitudinal strain of the right ventricular free
wall (RVFWLS) were measured from 4 chamber
images. Peak circumferential strain (CS), systolic
circumferential strain rate, circumferential early dia-
stolic strain rate (EDSRC) were measured from mid-
cavity short-axis views. Segments with unreliable
tracking on visual inspection were excluded from the
analysis.

STATISTICS. Continuous data were expressed as
median and interquartile range (IQR). Differences
between an acute and a follow-up study in the MIS-C
group were assessed using Wilcoxon signed rank sum
test, while the independent 3 groups were assessed



FIGURE 2 Deformation Parameters in 3 Groups
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(LAS). Patients with MIS-C were worst affected among 3 groups. KD ¼ Kawasaki disease.
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using Kruskal-Wallis test followed by Steel-Dwass’s
test for pairwise comparisons. For conventional dia-
stolic parameters, we did not perform statistical
analysis between the MIS-C and KD groups, due to a
big difference in age between the 2 groups. To assess
for predictors of myocardial injury in patients pre-
senting with MIS-C, a logistic regression analysis was
performed for each echocardiographic measurement
of interest adjusted by age and sex. Correlation co-
efficients between 2 variables were calculated using
Spearman’s rank order correlation test. A p
value <0.05 was considered as statistical significance.
Paired Student’s t-test was performed to analyze the
follow-up data. All statistical analyses were per-
formed with STATA 14 (StataCorp, College Sta-
tion, Texas).

Intraobserver and interobserver variabilities for
deformation parameters used in this study have
shown a high degree of reproducibility in our labo-
ratory, based on several recent research projects and
were not repeated for this study (13–15).
This study was approved by the Institutional Re-
view Board of the Children’s Hospital of Philadelphia.

RESULTS

PATIENT CHARACTERISTICS. A total of 28 MIS-C
patients were included in this study. Table 1 shows
demographic data for our 3 groups of patients, while
Supplemental Table 1 shows demographic data for
each individual MIS-C patient. Compared with KD
patients, MIS-C patients were significantly older
(median age: 11.4 years vs. 3.1 years; p < 0.01) and had
larger statures (median body mass index: 22.5 kg/m2

vs. 16.0 kg/m2; p < 0.01). In total, 50% of MIS-C pa-
tients were considered obese based on the World
Health Organization definition. There was no sex
difference in MIS-C patients. Our MIS-C population
included 5 (18%) with KD-like and 23 (82%) with toxic
shock–like symptoms. In 8 patients, polymerase chain
reaction was negative but immunoglobulin G testing
was positive. Moreover, no other microbial cause of

https://doi.org/10.1016/j.jacc.2020.08.056


FIGURE 3 Strain Curves
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illness was identified in any patient. Medications
used included aspirin (86%), IVIG (80%), vasopres-
sors (78%), corticosteroids (96%), and anticoagulants
(73%). Respiratory therapy included invasive venti-
lation (25%), continuous positive airway pressure
(7%), and bilevel positive airway pressure (18%).

LABORATORY DATA. All patients presented in a
hyperinflammatory state characterized by elevated C-
reactive protein, high erythrocyte sedimentation rate,
and lymphopenia. Myocarditis was suspected in 17
cases (61%) by elevated BNP (>500 pg/ml) and posi-
tive troponin I (>0.3 ng/ml). Additional characteristic
findings included other organ dysfunction (renal
and/or liver), hypercoagulation state, anemia, and
thrombocytopenia. At least 12 cases fulfilled the 2016
classification criteria for macrophage activation syn-
drome (16). Detailed laboratory data for all 28 patients
are depicted in Supplemental Table 2.

https://doi.org/10.1016/j.jacc.2020.08.056


FIGURE 4 Early Diastolic Strain Rate Curves
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ECHOCARDIOGRAPHIC FINDINGS. Echocardiographic
data for all MIS-C patients are shown in Tables 2 to 4
and Supplemental Table 3. During early follow-up
(interval of 5.2 � 3 days) we evaluated 20 of 28 pa-
tients (71%) in MIS-C cohort, because some patients
were followed by other institutions.

Convent iona l echocard iograph ic assessment .
Table 2 shows conventional echocardiographic pa-
rameters, and Table 3 shows the results of coronary
artery echocardiography. The coronary arteries from a
typical MIS-C patient are depicted in Figure 1. It is
noteworthy that among 28 MIS-C patients, only 1 case
(4%) manifested coronary artery abnormality in our
cohort (coronary ectasia; z score: 3.15 in the right
coronary artery). No segmental aneurysms were
detected. On the other hand, in classic KD, 4 cases
(20%) of coronary abnormalities including 2 with an-
eurysms (max z score: 5.0 in right coronary artery)
were detected. During the early follow-up studies,
the single MIS-C patient with coronary ectasia
showed resolution of the ectasia (z score changed
from 3.15 to 1.8 in right coronary artery), and no other
progressive coronary lesions were detected in the
MIS-C group.

Compared with the classic KD group, MIS-C pa-
tients had more mitral regurgitation (MR) (46% vs.
15%; p ¼ 0.06), more pericardial effusion (32%
vs. 15%; p ¼ 0.46), and more pleural effusion (39% vs.
0%; p ¼ 0.004). In addition, MIS-C patients with
suspected myocardial injury (þ) showed a greater
frequency of these anomalies than cases without
myocardial injury (�).

Functional echocardiographic assessment. Table 4 shows
the results of deformation parameters in 3 groups.
Compared with the normal group, MIS-C patients
showed both LV systolic and LV diastolic dysfunction.
In addition, peak LAS and peak RVFWS were also
significantly lower in MIS-C patients.

When compared with classic KD, MIS-C patients
demonstrated worse LV systolic and LV diastolic
function by all deformation parameters (Figure 2).
Moreover, MIS-C patients suspected of myocardial



TABLE 5 Results of Echocardiographic Measurements in Myocardial Injury (þ) Group and (�) Group in MIS-C

MIS-C

Control
(n ¼ 20)

p Value

Myocardial Injury (�)
(n ¼ 11)

Myocardial Injury (þ)
(n ¼ 17) (�) vs. (þ) (�) vs. C (þ) vs. C

Male 45 53 55 0.69 0.70 1

Age, yrs 11.7 (9.3 to 13.6) 11.0 (8.1 to 13.5) 9.0 (7.6 to 10.7) 0.33 0.097 0.17

LVSF, % 38 (36 to 40) 27 (24 to 30) 38 (35 to 39) <0.001 0.36 <0.001

LVEF, % 62 (60 to 62) 51 (43 to 58) 64 (61 to 66) <0.001 0.12 <0.001

Septal mitral eʹ, m/s 0.13 (0.12 to 0.13) 0.11 (0.08 to 0.13) 0.12 (0.11 to 0.13) 0.07 0.14 0.28

Lateral mitral eʹ, m/s 0.16 (0.14 to 0.18) 0.15 (0.15 to 0.16) 0.20 (0.20 to 0.20) 0.46 0.003 0.001

Lateral/septal eʹ ratio 1.24 (1.16 to 1.40) 1.49 (1.33 to 1.69) 1.38 (1.25 to 1.50) 0.04 0.09 0.23

Averaged E/eʹ ratio 8.2 (7.4 to 9.0) 9.3 (7.7 to 10.9) 6.7 (6.1 to 8.2) 0.39 0.03 0.0083

GLS, % �18.3 (�21.2 to �16.9) -14.2 (-17.5 to -12.5) �22.5 (�23.7 to �21.1) 0.02 0.02 <0.001

GLSR, 1/s �0.95 (�1.13 to �0.88) -0.77 (-0.88 to -0.68) �1.15 (�1.24 to �1.08) 0.03 0.04 <0.001

GCS, % �21.2 (�22.0 to �19.1) -16.4 (-18.7 to -14.0) �23.9 (�26.5 to �22.8) 0.03 0.005 <0.001

GCSR, 1/s �1.15 (�1.23 to �0.98) -0.85 (-1.05 to -0.65) �1.35 (�1.55 to �1.25) 0.03 0.004 <0.001

GLS/GCS ratio 0.90 (0.84 to 1.02) 0.95 (0.82 to 1.00) 0.89 (0.83 to 0.99) 0.48 0.35 0.35

EDSRL, 1/s 0.96 (0.86 to 1.21) 0.85 (0.72 to 1.08) 1.66 (1.40 to 1.90) 0.27 <0.001 <0.001

EDSRC, 1/s 1.08 (1.05 to 1.26) 0.94 (0.82 to 0.99) 1.77 (1.63 to 2.09) 0.056 0.0023 <0.001

LAS, % 33.3 (26.5 to 39.8) 21.4 (17.6 to 28.7) 40.5 (37.7 to 46.8) 0.009 0.02 <0.001

RVFWLS, % �24.9 (�26.7 to �23.7) -16.5 (-19.5 to -13.1) �28.2 (�30.4 to �24.5) 0.003 0.29 < 0.001

Values are % or median (interquartile range).

C ¼ control subjects; other abbreviations as in Tables 2 and 4.

TABLE 6 Logistic Re

Presenting With MIS-

Myocardi
(n

GLS �18.3 (�2

GLSR �0.95 (�1

GCS �21.2 (�2

GCSR �1.15 (�1.

EDSRL 0.96 (0

EDSRC 1.08 (1.

LAS 33.3 (26

RVFWLS �24.9 (�2

Values are median (interqu

CI ¼ confidence interval
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injury (þ) were more affected than injury (�) MIS-C
patients, with respect to all functional parameters
(Figure 3, Table 5). The strongest predictors associated
with myocardial injury in MIS-C patients were GLS,
GCS, LAS, and RVFWS (odds ratio: 1.45 [95% confi-
dence interval (CI): 1.08 to 1.95], 1.39 [95% CI: 1.04 to
1.88], 0.84 [95% CI: 0.73 to 0.96], 1.59 [95% CI: 1.09 to
2.34], respectively). Some parameters (GLSR and
GCSR) presented overfitted models and the estimates
could be misleading; therefore, they are not recog-
nized here (Table 6).

Compared with the normal group, the preserved
LVEF group in MIS-C had significantly lower GLS
gression Analysis for Predictors of Myocardial Injury in Patients

C

MIS-C

OR (95% CI)
al Injury (�)
¼ 11)

Myocardial Injury (þ)
(n ¼ 17)

1.2 to �16.9) �14.2 (�17.5 to �12.5) 1.45 (1.08 to 1.95)

.13 to �0.88) �0.77 (�0.88 to �0.68) 109.79 (1.62 to 7,441.82)

2.0 to �19.1) �16.4 (�18.7 to �14.0) 1.39 (1.04 to 1.88)

23 to �0.98) �0.85 (�1.05 to �0.65) 31.43 (0.8 to 1,232.75)

.86 to 1.21) 0.85 (0.72 to 1.08) 0.08 (0 to 2.91)

05 to 1.26) 0.94 (0.82 to 0.99) 0.14 (0.01 to 2.49)

.5 to 39.8) 21.4 (17.6 to 28.7) 0.84 (0.73 to 0.96)

6.7 to �23.7) �16.5 (�19.5 to �13.1) 1.59 (1.09 to 2.34)

artile range) unless otherwise indicated.

; OR ¼ odds ratio; other abbreviations as in Table 4.
(median: �18.7% vs �22.5%; p < 0.01) and lower GCS
(median: �19.8% vs. �23.9%; p < 0.001) (Table 7). In
addition, the preserved LVEF group showed diastolic
dysfunction in many echocardiographic parameters.

During early follow-up studies (interval of 5.2 �
3 days), most of the MIS-C patients returned to
normal LVEF (median LVEF: from 54% to 64%;
p < 0.001) but retained a lower GLS (median:
from �15.5% to �18.7%; p < 0.001) (published vendor-
and age-specific normal range for GLS is �19.5%
to �20.8%, from meta-analysis in children) (17). In
addition, diastolic dysfunction persisted (Table 8,
Figures 4 and 5). It was especially noticeable that both
EDSRL and EDSRC remained low. Moreover, right
ventricular (RV) systolic function was still impaired
(median RVFWLS: from �17.7% to �22.9%; p < 0.001)
(normal range for RVFWLS is �32.9% to �27.2% from
meta-analysis in children) (18).

GLS, GCSR, LAS, and RVFWLS showed significant
correlation between both BNP and troponin-I (R2

value for BNP: 0.26, 0.17, �0.38, and 0.29, respec-
tively; R2 value for troponin-I: 0.23, 0.18, �0.31, and
0.46, respectively) (Table 9), with LAS and RVFWS
showing the highest correlation.

DISCUSSION

COVID-19 infection has a myriad of presentations,
and in Europe and the United States, children with
recent COVID-19 infection have presented with a



TABLE 7 Comparison Between Preserved and Reduced Ejection Fraction Groups in MIS-C

MIS-C (LVEF <55%)
(n ¼ 12)

MIS-C (LVEF >55%)
(n ¼ 16)

Control
(n ¼ 20)

p Value

LVEF <55%
vs. >55%

LVEF <55%
vs. Control

LVEF >55%
vs. Control

Demographics

Myocarditis 11 (92) 6 (38) 0.006 — —

Heart rate, beats/min 132 (97 to 140) 110 (89 to 131) 78 (72 to 88) 0.65 <0.001 0.001

Systolic BP, mm Hg 104 (98 to 123) 98 (91 to 111) 107 (101 to 112) 0.71 0.99 0.39

Diastolic BP, mm Hg 55 (51 to 65) 57 (53 to 62) 59 (56 to 68) 0.83 0.29 0.51

Systolic function

LVEF, % 47 (42 to 51) 61 (60 to 62) 64 (61 to 66) <0.001 <0.001 0.06

LVFS, % 24 (21 to 28) 36 (33 to 38) 38 (35 to 39) 0.002 <0.001 0.52

GLS, % �12.8 (�15.1 to �12.3) �18.7 (�20.8 to �16.5) �22.5 (�23.7 to �21.1) <0.001 <0.001 0.005

GCS, % �15.2 (�16.8 to �13.0) �19.8 (�21.7 to �18.4) �23.9 (�26.5 to �22.8) 0.02 <0.001 <0.001

Diastolic function

E/A ratio 1.8 (1.3 to 3.0) 1.3 (1.1 to 2.0) 2.2 (1.9 to 2.6) 0.87 0.88 0.04

Septal mitral eʹ, m/s 0.09 (0.08 to 0.12) 0.13 (0.12 to 0.13) 0.12 (0.11 to 0.13) 0.07 0.19 0.21

Lateral mitral eʹ, m/s 0.15 (0.12 to 0.17) 0.16 (0.15 to 0.17) 0.20 (0.20 to 0.20) 0.51 0.008 0.005

Averaged E/eʹ 9.9 (7.4 to 11.2) 8.1 (7.5 to 8.6) 6.7 (6.1 to 8.2) 0.74 0.051 0.12

GLSR, 1/s �0.68 (�0.80 to �0.64) �0.93 (�1.13 to �0.86) �1.15 (�1.24 to �1.08) 0.009 <0.001 0.03

GCSR, 1/s �0.78 (�0.90 to �0.59) �1.08 (�1.16 to �0.89) �1.35 (�1.55 to �1.25) 0.04 <0.001 <0.001

EDSRL, 1/s 0.76 (0.63 to 1.07) 0.96 (0.87 to 1.31) 1.66 (1.40 to 1.90) 0.12 <0.001 <0.001

EDSRC, 1/s 0.87 (0.66 to 0.99) 1.05 (0.99 to 1.26) 1.77 (1.63 to 2.09) 0.07 <0.001 <0.001

LAS, % 20.5 (17.8 to 27.7) 32.8 (24.5 to 37.6) 40.5 (37.7 to 46.8) 0.03 <0.001 0.003

Right ventricle

TAPSE, cm 1.4 (1.3 to 1.6) 2.1 (2.0 to 2.2) 2.1 (1.9 to 2.4) 0.002 <0.001 0.92

RVFW eʹ, m/s 0.17 (0.15 to 0.19) 0.14 (0.12 to 0.15) 0.14 (0.13 to 0.15) 0.51 0.17 0.99

RVFWLS, % �14.3 (�17.7 to �12.4) �23.9 (�25.2 to �19.9) �28.2 (�30.4 to �24.5) 0.004 <0.001 0.011

Values are n (%) or median (interquartile range).

Abbreviations as in Tables 1, 2, and 4.
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KD-like or toxic shock–like illness, known as MIS-C. In
this pilot study, we have described detailed echo-
cardiographic findings of MIS-C (Central Illustration).
Recent studies from continental Europe, England
(19), and the United States (20) have described coro-
nary artery anomalies and conventional echocardio-
graphic parameters in MIS-C patients. However, the
detailed analysis of cardiac mechanics using defor-
mation parameters derived not only from the LV, but
also from the left atrium (LA) and RV in MIS-C pa-
tients, is novel and has not been reported previously
in children and sparsely in adults (single study on RV
strain in adults) (21). This study demonstrates that
the coronary arteries may not be frequently affected
in the acute phase and in the early follow-up period of
MIS-C. The major finding during the acute phase of
MIS-C is a myocarditis-like picture, which may
remain subtle and subclinical, particularly in the
preserved EF cohort. Even in the presence of normal
EF, the latter group showed distinct dysfunction in
systolic and diastolic deformation parameters. LA
strain, which is an index of atrioventricular coupling
and a marker of diastolic dysfunction, was markedly
reduced. In addition, RVFWS was significantly
decreased in MIS-C patients, and proved to be
strongly associated with myocardial injury in MIS-C.
During early follow-up, most of the MIS-C patients
returned to normal systolic function; however, dia-
stolic dysfunction persisted.

CORONARY ARTERIES IN MIS-C. The coronary ar-
teries were spared in most MIS-C patients in our
cohort of U.S. patients. However, due to the small size
of our cohort, no definitive statement can be made.
Most patients with MIS-C who had a Kawasaki-like
presentation were treated with IVIG in our institu-
tion. In this pilot study, due to the small sample size,
we cannot comment whether the use of IVIG had any
coronary-protective effect. Due to unfamiliarity with
MIS-C, physicians in most countries have empirically
used all medications, like aspirin, IVIG, and methyl-
prednisolone, that are usually reserved for treatment
of KD, as previously described in a smaller case series
at our institution (22). Both in the treated and



TABLE 8 Comparison Between Acute Phase and Early Follow-Up Study in MIS-C Patients

Acute Phase (n ¼ 20) Follow-Up Study (n ¼ 20) p Value

Demographics

Heart rate, beats/min 119 (93 to 136) 81 (62 to 101) <0.001

Systolic BP, mm Hg 101 (92 to 111) 114 (104 to 116) <0.001

Diastolic BP, mm Hg 54 (51 to 61) 58 (54 to 62) <0.001

Systolic function

LVEF, % 54 (45 to 60) 64 (59 to 67) <0.001

LVFS, % 29 (24 to 35) 36 (33 to 39) <0.001

GLS, % �15.5 (�19.5 to �12.5) �18.7 (�20.4 to �17.1) <0.001

GCS, % �17.3 (�21.2 to �15.3) �21.5 (�25.5 to �18.8) <0.001

Diastolic function

E/A ratio 1.8 (1.1 to 2.7) 1.8 (1.4 to 2.3) <0.001

Septal mitral eʹ, m/s 0.12 (0.09 to 0.13) 0.10 (0.09 to 0.12) 0.02

Lateral mitral eʹ, m/s 0.15 (0.14 to 0.18) 0.13 (0.12 to 0.15) 0.006

Averaged E/eʹ 8.2 (7.2 to 9.8) 7.6 (7.2 to 9.1) <0.001

GLSR, 1/s �0.78 (�0.99 to �0.68) �0.93 (�1.05 to �0.81) <0.001

GCSR, 1/s �0.88 (�1.11 to �0.69) �1.05 (�1.33 to �0.93) <0.001

EDSRL, 1/s 0.91 (0.70 to 1.22) 0.94 (0.83 to 1.07) <0.001

EDSRC, 1/s 0.97 (0.90 to 1.26) 1.08 (0.96 to 1.38) <0.001

LAS, % 24.8 (18.2 to 32.9) 37.0 (31.7 to 41.8) <0.001

Right ventricle

TAPSE, cm 1.7 (1.4 to 2.0) 2.2 (2.0 to 2.5) <0.001

RVFW e’, m/s 0.14 (0.12 to 0.16) 0.13 (0.11 to 0.16) 0.41

RVFWLS, % �17.7 (�23.1 to �13.2) �22.9 (�25.1 to �21.3) <0.001

Values are median (interquartile range).

Abbreviations as in Tables 1, 2, and 4.
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untreated groups, the coronary artery involvement
was quite infrequent. This is in line with the findings
of the Italian study by Verdoni et al. (1) and the
French study by Belhadjer et al. (23). In both these
European studies, there was mild dilatation of the
coronary arteries in <20% patients, but no discrete,
segmental aneurysms were noted in either European
study. In our cohort, only 1 patient (4%) had coronary
ectasia (z score: þ3.15) in the acute phase, which
returned to normal during the early follow-up stage.
In the brief follow-up period described in our study,
no other progressive coronary lesions were noted.
However, a longer follow-up period may be needed to
fully understand the outcome of this novel illness.
The Italian study used the older Japanese Ministry of
Health and Welfare criteria for coronary aneurysms
(>4 mm in patients $5 years of age), whereas the
French study used coronary artery z-scores and found
17% of patients with coronary dilatation (z-score >2
but <2.5) and no coronary aneurysms. It is our
opinion that established coronary z-scores should be
used worldwide for reporting coronary dimensions in
children with MIS-C. This would lead to consistency
in data analysis across centers worldwide. Some
studies in MIS-C have used a z-score of >2 to define
coronary artery “aneurysms,” which may lead to an
overestimate of true coronary aneurysms. Re-
searchers should take into account the phenomenon
of transient coronary dilatation in viral myocarditis in
children (24) and in non-KD, febrile illnesses, where
the z scores may exceed 2 but virtually never >2.5
(25). Moreover, the term “prominent” coronary ar-
teries should be avoided, lest readers consider it as a
true coronary artery abnormality, thereby leading to
unnecessary consternation (Figure 1). It has been
proposed that transient coronary dilations in the
acute phase of KD could reflect a physiological
response to increased myocardial oxygen demand
caused by fever, tachycardia, myocardial inflamma-
tion, local hypoxia, or endothelial dysfunction
induced by carditis (24).

The phenomenon of pericoronary brightness, a
feature suggesting perivasculitis in KD, has received
attention in MIS-C patients. A paper from the United
Kingdom showed echo-brightness in most of their
MIS-C patients, even with normal coronary di-
mensions (26). However, it is our opinion that peri-
coronary brightness may be difficult to assess, due to
the subjective nature of this finding, even when 3
experienced observers (D.M., M.D.Q., A.B.) were used
in our study. Therefore, although we evaluated it, we
have not reported our findings of this phenomenon,
as it may not be reliable in the U.S. population (27). It
is noteworthy that pericoronary brightness was
initially included in the 2004 AHA guidelines for KD,
but was removed from the 2017 AHA guidelines for
these reasons (12).
MYOCARDIAL INJURY/MYOCARDITIS IN MIS-C. We
observed a higher frequency of cardiogenic shock in
MIS-C (85%) than that noted in the classic KD group,
where the incidence of shock was 5% (28). Most
notably, our study showed a greater degree of overall
LV dysfunction in the MIS-C group. Based on our
functional observations, we speculate that this
dysfunction may be the result of subclinical myocar-
ditis. In the absence of endomyocardial biopsies or
CMR, elevated BNP and troponin levels have been
used in our study and in other recent studies as bio-
markers to diagnose myocardial injury (29). Several
indexes used to study cardiac mechanics in our study
also pointed to a myocarditis-like picture. Previous
studies in viral myocarditis (non-COVID) have shown
that tissue deformation indexes, like reduced GLS
and EDSR, can independently predict ventricular
dysfunction in patients with CMR-proven myocarditis
with preserved LVEF, with a high degree of sensi-
tivity and specificity (8). In our series, the majority of



FIGURE 5 Deformation Parameters in MIS-C Patients During Acute Stage and Early Follow-Up Period

−8
Acute FU

−10
−12
−14
−16
−18
−20
−22
−24

GL
S 

(%
)

−1.4

−1.2

−1

−0.8

−0.6

Acute FU

−0.4

GL
SR

 (1
/s

)

0.3

0.5

0.7

0.9

1.1

1.3

Acute FU

1.5

ED
SR

L (
1/

s)

10
15

20
25
30
35
40
45
50

Acute FU

55
(%)

LA
S 

(%
)

GLSA B GLSR

C EDSRL D LAS

(A) Global longitudinal strain (GLS). (B) Global longitudinal strain rate (GLSR). (C) Longitudinal early diastolic strain rate (EDSRL). (D) Peak left atrial strain

(LAS). During the follow-up study, most MIS-C patients showed recovery of systolic function; however, diastolic function (especially EDSRL and LA strain)

still remained low. FU ¼ follow-up.

TABLE 9 Results of Correlation Coefficients Between Functional

Parameters and Biomarkers

BNP Troponin I

R2 Value p Value R2 Value p Value

GLS 0.26 0.0098 0.23 0.01

GLSR 0.12 0.09 0.12 0.09

EDSRL �0.02 0.50 �0.01 0.67

GCS 0.14 0.06 0.14 0.06

GCSR 0.17 0.04 0.18 0.03

EDSRC �0.14 0.07 �0.12 0.09

LAS �0.38 0.001 �0.31 0.003

RVFWLS 0.29 0.01 0.46 <0.001

BNP ¼ brain natriuretic peptide; other abbreviations as in Table 4.
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patients with MIS-C had evidence of elevated bio-
markers and decreased GLS, LAS, and EDSR. The
combination of these strain features is strongly sug-
gestive of underlying myocarditis. This is supported
by a case series that showed CMR findings in MIS-C
(30). In the acute phase of MIS-C, 3 cases with
increased BNP and troponin-I levels showed diffuse
myocardial hyperemia and edema by CMR without
evidence of fibrosis/myocardial necrosis by late gad-
olinium enhancement, suggesting the presence of
myocarditis in this limited number of patients.

The use of LA strain in assessment of diastolic
dysfunction is novel in this study, and it proved to be
the strongest single index associated with myocardial
injury. Peak LAS has not been previously studied in
children with myocarditis and may serve as a good
index of atrioventricular coupling and LV diastolic
dysfunction. Studies in children with enlarged LA
from multiple causes have demonstrated decreased
peak longitudinal strain (decreased reservoir func-
tion) and increased LA stiffness (15). Studies in adults
with heart failure with preserved EF have shown that
LA strain decreases with worsening diastolic
dysfunction in a stepwise fashion and reflects
increased LV filling pressures (31). In these publica-
tions in adults, there has been a call for incorporating
LA strain into the 2016 diastolic function guidelines



CENTRAL ILLUSTRATION Echocardiographic Findings in Multisystem Inflammatory Syndrome in Children

Matsubara, D. et al. J Am Coll Cardiol. 2020;76(17):1947–61.

EDSRL ¼ longitudinal early diastolic strain rate; GLS ¼ left ventricular global longitudinal strain; LAS ¼ peak global left atrial strain; RVFWLS ¼ peak

longitudinal strain of the right ventricular free wall.
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published by the American Society of Echocardiog-
raphy. CMR feature tracking analysis of myocarditis
in adults confirmed by the Lake Louise Criteria
showed significantly lower peak LA strain in
myocarditis patients compared with control subjects
(32), which is in concordance with our study.

In addition to LV, the RV deformation was
decreased in MIS-C patients, a finding that has been
reported in a single study on adult patients with
COVID-19 from Wuhan, China, but not in children.
They showed that an RVFWLS cutoff value of �23%
was a significant predictor of mortality in adults age
61 � 14 years during a median follow-up period of
51 days (21). Our MIS-C patients all survived with
good outcome; however, in our study, RVFWLS was
strongly associated with myocardial injury.

CARDIAC INJURY ASSOCIATED WITH COVID-19 IN

ADULTS VERSUS CHILDREN. An adult study from the
Wuhan cohort concluded that myocardial damage
contributed to 40% of SARS-CoV-2 deaths (33). The
incidence of myocarditis in 112 COVID-19 patients
from Wuhan, China, diagnosed by elevated troponin-I
(>0.12 ng/ml), abnormalities on standard echocar-
diograms, and/or electrocardiograms was 12.5% (34).
Despite using a higher troponin-I value (>0.3 ng/ml)
to define myocardial injury in our study, the inci-
dence of myocardial injury was much higher (60%) in
our MIS-C cohort. This is consistent with a paper by
Dufort et al. (29) showing an incidence of myocarditis
of 53% in MIS-C patients.

A recent report from New York City, the initial
epicenter of COVID-19 in the United States, studied
the impact of elevated troponin levels in >2,700
hospitalized adults with COVID-19 infection (35).
They showed that even a small increase in troponin I
level (0.03 to 0.09 ng/ml) in adults with COVID-19
was significantly associated with higher risk of
mortality during hospitalization. In contrast, most of
our MIS-C patients, even with high troponin I levels,
recovered their systolic function quickly. Therefore,
we speculate that the elevation in cardiac troponins
may have less dire implications in children so far,
likely due to a more transient type of cardiac injury
and less comorbidities. Clearly, further studies are
needed before a definitive statement can be made. In
the largest study in hospitalized children so far, the
diagnosis of SARS-CoV-2 infection was confirmed in
95 children. Of these 95 children, fortunately only 2
died (2.1%). This is far less than the death rate in
hospitalized adults with COVID-19 with troponin
elevation (w18.5%) (35). Nevertheless, close longi-
tudinal follow-up of these patients is essential.
CLINICAL IMPLICATIONS. MIS-C is a relatively rare
disease affecting only 0.6% of children infected by
COVID-19 (29). Although MIS-C shares similarities
with KD, it is notably distinct in that the coronary
arteries may be often spared and there is a higher
frequency of LV dysfunction, myocarditis, and shock.
However, the similarity of this condition to KD has
received widespread attention both in the medical
and lay community. The acute echocardiographic
findings, which appear to be usually reversible from
our study based on a U.S. population, may help U.S.
clinicians educate families regarding the acute and
short-term status of the heart in MIS-C.

STUDY LIMITATIONS. The small sample size of
MIS-C patients is an important limitation of this
study. MIS-C is a novel disease and is not well
studied. With this in mind, our study has enrolled
perhaps the maximal achievable number of patients
for a single, tertiary-care center collected within a
short time frame of 2 months, which is comparable
even with multicenter U.S. and European studies
(20,23). The short time frame was chosen as it is
important to provide detailed cardiac findings about
this virtually unknown disease to frontline physi-
cians. During data collection, echocardiography was
performed under strict infection-control regulations,
where sonographers were required to observe the
appropriate protocol for contact minimization and
the use of personal protective equipment. Therefore,
under such circumstances, the quality of echocardi-
ography may have been affected. In addition, the
novel status of this condition and the need to report
findings from acute stages, do not allow for pro-
longed longitudinal follow-up, similar to that per-
formed in KD. Because of this urgency to
disseminate our data, we were unable to perform the
2- to 6-week follow-up that is typically performed in
KD. A longer follow-up should be the focus of future
studies. In this study, our primary focus was to
describe echocardiographic findings in MIS-C pa-
tients. We have, therefore, not delved into
issues related to critical care (e.g., ventilator set-
tings, coagulation status, renal dysfunction, brain-
related issues, and so on). Recently published U.S.
and European studies have addressed these as-
pects (20,23).

CONCLUSIONS

MIS-C is a novel disease in children with COVID-19
infection. We found that unlike classic KD, coronary
arteries may be typically spared in the early stages of
the disease; however, cardiac systolic and diastolic
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dysfunction are more common, likely due to the
presence of a myocarditis-like state. Even in patients
with preserved ejection fraction, subtle changes in
myocardial deformation were detected, suggesting
subclinical myocardial dysfunction. During an
abbreviated follow-up, there was good functional re-
covery and no coronary aneurysms.
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