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Key Words Background: This study aimed to describe the cardiovascular injury and clinical features of
cardiovascular injury; multisystem inflammatory syndrome in children (MIS-C) related to coronavirus disease 2019
COVID-19; (COVID-19) in Ho Chi Minh City, Vietnam.

MIS-C; Methods: This was a retrospective cohort study of children with MIS-C (from September 1, 2021
SARS-CoV-2 to February 28, 2022) in Children’s Hospital 1, Ho Chi Minh City. Demographics, clinical history,

significant underlying conditions, clinical manifestations, laboratory investigations, and med-
ical management were analyzed.

Results: A total of 76 patients were included (median age, 5.9 years old, 2 months—16 years).
The male/female ratio was 1.6/1. Most patients (75/76) had no previous medical conditions.
The mean time from acute severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection to symptom onset was 39 days. During an acute SARS-CoV-2 infection, these patients
are either asymptomatic or mildly symptomatic. In addition to fever, gastrointestinal symp-
toms were also prominent, as observed in our study, with 75%, 73.7%, and 72.3% of patients
presenting with abdominal pain, vomiting, and loose stools, respectively. The levels of inflam-
matory markers increased upon admission and returned to normal levels after treatment.
Echocardiography revealed decreased myocardial contractility and coronary injury in 16
(21.1%) and 32 (42.1%) patients, respectively. Most cases (72/76) had no fever within 3 days
of intravenous immunoglobulin (IVIG) and methylprednisolone treatment. No deaths occurred
in this study. The mean duration of hospitalization was 7.2 days.
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Conclusion: Cardiovascular involvement was observed in approximately 53.9% of the patients.
Anti-inflammatory treatment with IVIG and methylprednisolone had a favorable short-term
outcome. However, long-term follow-up studies on post-discharge MIS-C cases are needed to
make appropriate treatment recommendations in the acute phase.

Copyright © 2022, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

1. Introduction

Since its discovery in late December 2019, the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), which
causes coronavirus disease 2019 (COVID-19), has been
declared a global pandemic, causing millions of deaths
worldwide. Vietnam was also experiencing many waves of
the COVID-19 pandemic, with 3,436,124 cases and 40,252
deaths as of February 28, 2022." Compared with adults, the
proportion of children infected with SARS-CoV-2 is lower,
and the symptoms of COVID-19 are relatively milder, except
in children with underlying medical conditions. Multisystem
inflammatory syndrome in children (MIS-C) is a rare but
serious medical condition that usually occurs 2—6 weeks
after infection with SARS-CoV-2.%2 MIS-C is characterized by
inflammation in different organ systems, such as the car-
diovascular, respiratory, mucocutaneous, and gastrointes-
tinal systems. The causes of MIS-C are still unknown;
however, there have been many reports showing a clear
association between MIS-C and COVID-19.% The exact inci-
dence of MIS-C remains uncertain but is estimated to be
0.6% of COVID-19 cases in children, according to a report in
New York.* The clinical presentation of MIS-C is diverse.
Approximately 40—50% of children with MIS-C meet the
criteria for typical or atypical Kawasaki disease (KD). In
addition, the clinical features of MIS-C can overlap with
those of toxic shock syndrome (TSS), hemophagocytic
lymphohistiocytosis (HLH), and macrophage activation
syndrome (MAS).>® Inflammation of the cardiovascular
system is the most severe manifestation of MIS-C cases.
Many different types of cardiovascular damage have been
described, including dilated heart chambers, decreased
myocardial contractility, and coronary inflammation,
leading to dilation or creation of coronary aneurysms.*>”8
The prognostic factors and timeframe for the onset of
cardiovascular injury in patients with MIS-C are still un-
known. To date, the diagnosis of MIS-C is usually based on
the case definitions provided by the World Health Organi-
zation (WHO) or Center for Disease Control and Prevention
(CDC).? The standard treatment for MIS-C is controversial.
However, as the clinical presentations of MIS-C overlap with
those of KD, the current treatments for MIS-C are similar to
those for KD, including intravenous immunoglobulin (IVIG),
aspirin, and possibly glucocorticoids.” "

The majority of MIS-C cases have been reported in North
America and European countries, while very few reports
have been published in Asian countries.*>”"'>~'* There-
fore, in this retrospective cohort study, we aimed to sum-
marize and analyze the clinical features, laboratory
parameters, management, and outcomes of MIS-C cases
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admitted to a children’s hospital in Ho Chi Minh City,
Vietnam, and compare them with those reported in previ-
ously published studies.

2. Methods

We performed a retrospective cohort study at the Chil-
dren’s Hospital 1 (CH 1) from September 1, 2021 to
February 28, 2022. All patients who met the WHO case
definition of MIS-C and were admitted to CH 1 will be
included in the study.

A standardized form was used to collect data on pa-
tient’s demographics, clinical history, significant underlying
conditions, clinical manifestations, laboratory in-
vestigations, and medical management. We recorded the
clinical symptoms and laboratory results at the time of
admission and 48—72 h after starting treatment.

Biochemical tests were performed using a BECKMAN
COULTER AU-680 machine at the Department of Biochem-
istry, CH 1. The total blood count and coagulation test were
performed using the Sysmex XN-2000 and STA R-Max ma-
chines, respectively, at the Department of Hematology
Laboratory, CH 1. Chest X-ray results were evaluated by the
radiologists of CH 1. Cardiac and abdominal ultrasonogra-
phy were performed by the sonographers of CH 1. The de-
gree of coronary dilatation was assessed using the Boston
Classification System.

Descriptive statistics were calculated and presented as
mean and standard deviation (£SD) for continuous variables
or as numbers and percentages for nominal/categorical
variables. Statistical analysis was conducted using STATA
14, and a two-tailed P < 0.05 was considered statistically
significant.

Ethical considerations: This study was approved by the
ethics committee of CH 1.

3. Results

Our study included 76 patients with a median of 5.9 years
old (the youngest being 2 months old and the oldest being
16 years old). The most common age group was 5—11 years
old (55.3%), followed by < 5 (39.4%) and 12—16 years old
(5.3%). The male/female ratio was 1.6/1. Most patients had
no previous medical conditions. One patient had an un-
derlying medical condition, which was tuberous sclerosis
complex. A history of SARS-CoV-2 infection was identified
by the SARS-CoV-2 reverse transcription polymerase chain
reaction (RT-PCR), SARS-CoV-2 antigen, and SARS-CoV-2
immunoglobulin G (IgG) tests in 3, 43, and 11 patients,
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respectively. The remaining 19 patients had a history of
close contact with confirmed patients with COVID-19. Dur-
ing an acute SARS-CoV-2 infection, these patients are either
asymptomatic or mildly symptomatic. None of the patients
required respiratory support or anti-inflammatory or anti-
coagulant therapy. At the time of admission, all patients
had negative RT-PCR SARS-CoV-2 results. The mean time
from acute SARS-CoV-2 infection to symptom onset was 39
days. Three patients received the vaccine before the onset
of MIS-C. All patients were aged >12 years. One case had a
Kawasaki-like phenotype, and two had an undefined
phenotype.

Most patients (71/76) were admitted because of fever.
The remaining five patients were hospitalized due to pal-
pitations, convulsions, skin rashes, vomiting, and neck
lymph nodes. Fever was present in all cases. Other symp-
toms in typical KD, such as conjunctivitis, red lips, skin
rash, limb edema, and neck lymph nodes, were also
recorded in the cases of our study (Fig. 1). As observed in
our study, gastrointestinal symptoms were also prominent,
with 75%, 73.7%, and 72.3% of patients presenting with
abdominal pain, vomiting, and loose stools, respectively.
Five patients had severe abdominal pain associated with
appendicitis-like symptoms; thus, they were diagnosed
with appendicitis at the time of admission.

At the time of diagnosis, the average white blood cell
count was 11.59 k/mm?>, and 42 of 76 patients had lym-
phocytopenia, with an average lymphocyte count of 1.84 k/
mm?3. Six patients had hypochromic microcytic anemia.
There were 16 of 76 cases that had platelet (PLT) count
below 100 k/mm?, but only 1 case had a PLT count below 50
k/mm?3. Abnormalities in the total blood count returned to
normal after treatment. Other parameters reflecting
inflammation, such as C-reactive protein (CRP), ferritin,
and procalcitonin, also showed a strong increase, all of
which improved after treatment. Four of the 76 patients
had elevated liver enzyme levels (aspartate aminotrans-
ferase [AST] and alanine aminotransferase [ALT]) above 100
U/L. Renal function and electrolyte levels were normal in
all the patients. D-dimer increased over 0.5 pg/mL in all
cases, with the highest concentration being 20 pg/mL.

Chest radiography was performed in all cases, and most
showed no remarkable abnormalities. Only one patient had
an enlarged heart on chest radiography, and three had
interstitial lesions in the left lung base. In addition, the
patients had various non-specific findings on abdominal ul-
trasound, including 4 cases of intestinal wall edema and
thickening, 5 cases of mild pleural effusions, and 13 cases
of mild ascites.

The cardiac injury was observed in 41 patients (53.9%),
of which 25 had a coronary injury, 9 had decreased ejection
fraction (EF), and 7 had both. There were a total of 32 cases
(42.1%) of coronary injury in the first week of the disease,
12 had mild coronary dilation (+2 — +5 SD), 10 presented
manifestations of coronary inflammation, and 10 had both.
The patient with the largest coronary dilation was a 16
years old male. The Z-score index of the left main and right
coronary artery diameters were 3.88 and 3.39, respectively
(according to the Boston classification). This patient had a
high fever and gastrointestinal symptoms but no mucocu-
taneous symptoms. The patient was treated with methyl-
prednisolone at a dose of 30 mg/kg/day for 3 days and
tapered thereafter. The patient had no fever after 24 h of
treatment with methylprednisolone, and the echocardio-
gram result at the time of discharge showed complete re-
covery of myocardial contractility.

Sixteen patients (21.1%) had decreased EF, of which mild
and moderate decreases of EF were observed in 12 and 4
patients, respectively. The lowest EF recorded was 35%;
this case presented with shock and required an inotrope
(dobutamine). Elevation of troponin | was detected in five
patients, of whom four had a slightly increased level,
except for one patient who had a significantly increased
level. Vasopressors/inotropes were used in four of the five
cases of troponin elevation. Electrocardiography was per-
formed on 23 patients; 20 had no remarkable abnormal-
ities, and 3 had first-degree atrioventricular (AV) block and
scattered premature ventricular beat.

Table 2 describes the echocardiographic features and
treatment characteristics according to the clinical pheno-
type. Patients presenting with shock and the need for ino-
tropes or vasopressors were classified as having a shock-like

The proportion of clinical manifestations at the time of admission
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Figure 1  Proportion of clinical manifestations at the time of admission.
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Table 1 Laboratory parameters before and after treatment of the study group.

Parameters Reference range Before treatments After treatments P-value
WBC (k/mm?3) 4.0-12.0 11.6 15.2 < 0.001
NEU (k/mm?3) 3.0-5.8 8.9 10.1 0.157
LYM (k/mm?3) 1.5-3.0 1.8 3.6 < 0.001
Hb (g/dL) 11.5—4.5 10.9 10.8 0.084
PLT (k/mm?) 150—400 179.0 407.7 < 0.001
CRP (mg/L) <5 144.9 32.9 < 0.001
Ferritin (ug/L) 6—320 1563.6 692.2 0.003
D-dimer (ug/mL) 0-0.5 4.55 1.41 < 0.001
VS (mm, n = 53) 0-20 51.4 33.8 0.001

phenotype. Patients with clinical features that met the
criteria for typical or atypical KD were classified as having
KD-like phenotypes. The remainder is an undefined
phenotype. The rates of coronary injury and decreased EF
in the shock-like group were higher than those in the other
two groups. The rates of treatment escalation and length of
hospital stay were also higher in the shock-like group, but
these differences were not statistically significant. In
addition, patients in the shock-like group had mild-to-
moderate decreases in myocardial contractility. Further-
more, three patients had mild coronary dilation, and three
had coronary inflammation. Patients in this group received
intensive treatment, with five cases using IVIG combined
with methylprednisolone and nine cases using methyl-
prednisolone alone at a dose of 20—30 mg/kg/day. All of
these patients had normal echocardiogram results at the
time of discharge.

In our study, 14 patients required vasopressors, including
12 with shock and 2 with moderately reduced EF (40%). Of
the 12 patients in shock, adrenaline and dobutamine were
two vasopressors, noradrenaline was used in three patients,
and all of them received emergency crystalloid fluids prior
to vasopressors. In the study group, 16 patients (21.1%)
required respiratory support, of which 13 had cannula ox-
ygen, 1 had a high-flow nasal cannula, and 2 had mechan-
ical ventilation.

IVIG alone, methylprednisolone alone, and IVIG combined
with methylprednisolone were administered to 5, 49, and 22
patients, respectively. Five patients who received IVIG alone
had clinical presentations similar to KD and had mild coro-
nary dilatation. The patients did not require a second dose
of IVIG or corticosteroid combination. Echocardiographic
results at the time of discharge in these patients completely
recovered. The dose of methylprednisolone usually used was

Table 2 Cardiac ultrasound and treatment characteristics according to clinical phenotypes.

Characteristics Shock-like phenotype  KD-like phenotype  Undefined phenotype  P-value
(n = 14) (n = 51) (n = 11)

Coronary dilation/inflammation (n, %) 8 (57.1) 24 (47.1) 0 0.003

Decreased EF (n, %) 12 (85.8) 4(7.9) 0 < 0.001

Mild 6 (42.9) 3(5.9) 0

Moderate 6 (42.9) 1(2.0) 0

Respiratory support (n, %) 10 (71.4) 6 (11.8) 0 < 0.001

Oxy cannula 8 (57.1) 5 (9.8) 0

HFNC 0 1(2.0) 0

Mechanical ventilation 2 (14.3) 0 0

Inotrope/vasopressor (n, %) 14 (100) 0 0 < 0.001

Primary treatment 0.063

IVIG alone 0 5 (9.8) 0

Corticoid alone 9 (64.3) 29 (56.9) 11 (100)

Combined 5 (35.7) 17 (33.3) 0

Treatment escalation® 6 (42.9) 8 (15.7) 3 (27.3) 0.089

Anticoagulant (n, %) 6 (42.9) 11 (21.6) 1(9.1) 0.118

Aspirin (n, %) 14 (100) 51 (100) 11 (100)

3—5 mg/kg/d 12 (85.7) 35 (68.6) 11 (100) 0.07

30—50 mg/kg/d 2 (14.3) 16 (31.4) 0

Antibiotic (n, %) 12 (85.7) 35 (68.6) 6 (54.5) 0.232

PPI (n, %) 12 (85.7) 9 (17.6) 3 (27.3) < 0.001

Duration of fever, days (mean + SD) 1.50 + 0.67 2.08 + 1.12 1.64 + 0.62 0.814

Duration of admission, days (mean + SD) 8.07 + 2.53 7.24 + 1.48 5.91 + 1.69 0.535

2 Increase in corticosteroid dose.
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2 mg/kg/day; however, 17 cases used an additional course of
10—30 mg/kg/day of methylprednisolone for 3 days because
of persistent fever and increased inflammation markers after
48 h of methylprednisolone (2 mg/kg/day) + IVIG (2 g/kg).
All patients received aspirin, of which 58 received low-dose
aspirin (3—5 mg/kg/day) and 18 received a KD-like dose
(3050 mg/kg/day). Eighteen patients (23.7%) received
aspirin in combination with enoxaparin. Approximately
69.7% of patients received antibiotics. Commonly used an-
tibiotics included cephalosporin, vancomycin, aminoglyco-
sides, and carbapenems.

Most cases (72/76) had no fever within 3 days of IVIG and
methylprednisolone treatment. Complications of treatment
occurred in 10 patients (2 patients had Cushing syndrome, 2
patients had gastrointestinal bleeding, and the rest had
symptoms of gastritis). The mean duration of hospital stay
duration was 7.2 days.

4. Discussion

This retrospective cohort study reported 76 cases of MIS-C
in a large Children’s Hospital in Ho Chi Minh City during the
fourth wave of the COVID-19 pandemic in Vietnam. Similar
to recent reports, the patients were admitted to the hos-
pital approximately 2—6 weeks after the acute episode,
with a prominent symptom of prolonged fever.>'%"

In our study, in addition to prolonged fever and clinical
features compatible with KD, gastrointestinal symptoms were
also salient. Similar findings are consistent with other re-
ported cases.®'>'® Therefore, this is an important different
point between the MIS-C and KD. The differential diagnosis
was acute appendicitis at the time of admission in five patients
presenting with severe right lower quadrant pain. The ultra-
sound results in all five cases showed inflammation of the
ileocecal region, and two cases were accompanied by a small
amount of homogeneous peritoneal fluid. However, these
gastrointestinal symptoms improved significantly after treat-
ment, and the subsequent abdominal ultrasound did not
reveal any abnormalities. Chest pain is also an important
symptom that requires careful consideration, particularly in
older children. The three patients who presented with com-
plaints of chest pain in our study were older children, all of
whom had cardiac injury and hypotension and then received
vasopressor support. Respiratory symptoms were less severe
in our study and were similar to findings on chest X-rays
(mostly normal or minor lung injury). Sixteen patients
required respiratory support, of which only two required
mechanical ventilation. Respiratory support therapies in
these cases play a role as supportive therapy in shock resus-
citation, not due to respiratory failure. This is consistent with
previous studies, although some studies have reported a
higher percentage of cases requiring respiratory support
during illness.®'®

Although the pathophysiology of MIS-C is not fully under-
stood, recent studies have reported an abnormal immune
response in patients with MIS-C, which is manifested by
elevated levels of inflammatory markers such as CRP, ferritin,
procalcitonin, and coagulation abnormalities (elevated D-
dimer levels)."” " Elevated inflammatory markers and evi-
dence of coagulopathy are common laboratory findings and are
among the most important criteria in the current case
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definition of MIS-C established by the CDC/WHO. All patients in
this study also had an increase in at least one of many inflam-
matory markers or D-dimer levels, and abnormalities in these
parameters returned to normal after treatment (Table 1).

The cardiovascular involvement of MIS-C varies and is
often described in a manner similar to that of KD. However,
depressed left ventricular function, the most common
manifestation of cardiac injury, has been reported in up to
56% of patients with MIS-C."®?° This contrasts with KD,
which rarely results in decreased myocardial function.
Therefore, point-of-care ultrasonography can be beneficial
in the emergency management of MIS-C to detect early
ventricular function and assess fluid responsiveness. Our
study showed that 21.1% of patients had mild to moderate
decreased EF, and 18.4% of patients required inotrope/va-
sopressors. The vasopressors used were adrenaline and
noradrenaline, and the inotrope used was dobutamine.
Epinephrine is preferred to noradrenaline when there is
evidence of left ventricular dysfunction. The use of milri-
none may be helpful in children with severe left ventricular
dysfunction.®?'

Coronary injury is a serious problem in patients with MIS-
C. A total of 32 patients (42.1%) in the study had coronary
dilatation or inflammation on cardiac ultrasound. Then, 21
patients recovered completely during their hospital stay, and
11 patients still had mild coronary dilatation at the time of
discharge. In a report from Italy, children with MIS-C were 30
times more likely to develop coronary aneurysms than those
afflicted with KD, although it is likely that other children with
milder symptoms in the region were not included in this case
series.? In addition, in children with MIS-C, the timeframe
for the development of coronary aneurysms is uncertain, and
coronary aneurysms can develop in children without
Kawasaki-like features.® Finally, no clear predisposing fac-
tors were identified for MIS-C cases with a higher risk of
developing coronary involvement. Therefore, echocardiog-
raphy is an important tool for the diagnosis and management
of patients with MIS-C. Elevated troponin | level is also a
critical feature. Five of the 76 patients in our study had
elevated troponin | levels, and 4 of them needed vasopressor
therapy. In previous reports, elevated troponin levels were
associated with poor outcomes in patients with COVID-19 and
could be a reflection of the degree of systemic inflammation
and myocardial effects.??

Even though no randomized clinical trials have been con-
ducted to guide the treatment of MIS-C, standard therapies for
KD, including high dose IVIG (2 g/kg), low-dose aspirin
(3—5 mg/kg) in combination with methylprednisolone, or not
have shown effectiveness in many previous studies.”'"'>
Owing to economic reasons and the availability of IVIG, the
majority of patients in our study (93.4%) used methylpred-
nisolone, 28.9% of cases in combination with IVIG, and only five
patients used IVIG alone. The short-term treatment outcomes
between the IVIG alone and methylprednisolone alone groups
were not significantly different. This is also consistent with
previous studies.”'""'*~'® However, the long-term outcomes
of MIS-C, such as sequelae of coronary artery aneurysm for-
mation according to treatment therapies, remain unknown.

It is very difficult to exclude bacterial infections because
of the high prevalence of bacterial infections in Vietnam,
high inflammatory response, and abnormal abdominal ul-
trasound and chest X-ray findings. Therefore, most patients
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in our study (69.7%) were treated with antibiotics. How-
ever, the use of antibiotics for 2—3 days did not improve the
clinical or inflammatory status of the patients in our study.
The use of aspirin in the treatment of MIS-C has been
agreed upon; however, the use of anticoagulants remains
unclear. In mild to moderate cases of MIS-C, it should use
prophylactic doses of enoxaparin (0.5 mg/kg every 12 h),
and in severe cases, therapeutic doses may be used.'%?42°
In addition, supportive interventions such as early respira-
tory support for patients with respiratory failure, adequate
fluid resuscitation, and vasopressor support for patients
with shock also play an important role.

5. Conclusions

Cardiovascular involvement was observed in approximately
53.9% of the patients. Early consideration and appropriate
diagnostic evaluation are important, as these children are at
high risk of multiple cardiovascular complications, including
coronary artery aneurysms. Long-term follow-up studies on
post-discharge MIS-C cases are needed to make appropriate
treatment recommendations in the acute phase.
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