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Multisystem inflammatory syndrome in children (MIS-C) is a severe Kawasaki-like illness
that was first linked to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
in European countries in the spring of 2020 and has been suggested to have overlap
with Kawasaki disease shock syndrome (KDSS). There are few reports of MIS-C
from Asia. This observational study aimed to identify the clinical features in children
presenting with KDSS in Japan over a 5-year period and to summarize similarities
and differences between KDSS and MIS-C. We retrospectively collected data on
patient characteristics, clinical signs and symptoms, treatment, and prognosis including
coronary artery abnormalities (CAAs), which were compared with data of patients with
KDSS worldwide and patients with MIS-C from a review. KDSS was identified in 6
(1.1%) of 552 patients with Kawasaki disease (KD) treated at a single institution in Japan
between 2015 and 2020 (1 in 2020). In patients with KDSS in Japan or worldwide vs.
patients with MIS-C, KDSS was more likely to have a diagnosis of complete KD (100,
70 vs. 6.3%), a higher incidence of CAAs (50, 65 vs. 11%), and a greater requirement
for vasoactive agonists (67, 67 vs. 43%) because of circulatory shock (100, 50 vs. 26%).
Both KDSS and MIS-C had good prognosis (mortality 0, 6.7 vs. 1.7%). Although KDSS
in Japan and MIS-C show some overlap in clinical symptoms, they are unlikely to be the
same disease entity. KDSS is more likely to have a cardiovascular phenotype with CAAs
and requires treatment with cardiovascular agents.

Keywords: kawasaki disease, SARS-CoV-2, coronary artery, multi inflammatory syndrome-children, shock

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has had a major impact on pediatric medical
care worldwide. In COVID-19, pneumonia is often mild in children, but when children develop
multisystem inflammatory syndrome in children (MIS-C), also known as pediatric inflammatory
multisystem syndrome temporally associated with severe acute respiratory syndrome coronavirus
2 (PIMS-TS), intensive care is required (1-3). As of spring 2020, this disease has been described
in Western countries as a severe Kawasaki-like illness (4-8). Kabeerdoss et al. (9) have shown that
MIS-C is a hyper-inflammatory state and can progress to MAS/cytokine storm syndrome.
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Kawasaki disease is an acute vasculitis that occurs in
childhood, and although its etiology is still unknown, it is
known that many inflammatory cytokines are elevated. There
have been many reports comparing KD and MIS-C, often stating
that the two are partly similar but partly different (9-11). In
particular, the overlap with KD shock syndrome (KDSS), which
is KD complicated with circulatory failure and/or shock, is being
discussed (12, 13). Few comparisons have been made between
KDSS and MIS-C (9-13).

Currently, there are few reports on MIS-C from Asia (14, 15).
The incidence of KDSS had been lower in Asia than in the US,
Mexico, and European countries (16-22). There are very few case
reports from Japan, which has the highest incidence of KD in the
world (23). The aims of this study were to describe the clinical
features and disease course in Japanese patients who presented
with KDSS over a 5-year period and to discuss the similarities
and differences between KDSS and MIS-C.

PATIENTS AND METHODS

This retrospective observational study was conducted at a single
center in Japan. Data on patient characteristics, clinical signs
and symptoms, laboratory findings, treatment, and prognosis
including coronary artery abnormalities (CAAs) were collected
and compared with data of patients with KDSS worldwide (19)
and patients with MIS-C in a review (24).

KDSS is defined in 2009 on the basis of an age-related decrease
in systolic blood pressure, a sustained decrease of 20% or more
in systolic blood pressure from baseline, or clinical signs of
poor blood flow (12). Our 6 cases were diagnosed based on
this definition.

Patient characteristics included age, sex, and date of starting
treatment. Information on major symptoms of Kawasaki disease
(KD) and cardiovascular, gastrointestinal, neural, and renal
symptoms were collected. The results of laboratory investigations
for each patient comprised blood cell counts including
neutrophils and lymphocytes, coagulation profile, inflammation-
related data including the erythrocyte sedimentation rate, and
ferritin, and general biochemistry including hepatic and renal
function, electrolytes, and brain natriuretic peptide (BNP) or
N-terminal prohormone of brain natriuretic peptide (NT-pro
BNP). We also examined the Kobayashi risk score, which predicts
the likelihood of the illness being refractory to intravenous
immunoglobulin (IVIG) therapy (25). We also collected data on
treatment and outcomes, including CAAs.

We compared the data of KDSS patients in Japan with KDSS
patients worldwide (19). Then, we compared these patients with
patients with MIS-C from a review (24). Laboratory data were
compared between our patients and patients with MIS-C in four
previous papers (8-11). The raw data available for 10 patients
with MIS-C in Italy and 6 cases of KDSS in Japan were statistically
analyzed using the non-parametric Wilcoxon test. Categorical
data on 655 cases of MIS-C were compared with data on the 106
cases of KDSS using Fisher’s exact test (19, 24).

This study was approved by the Tokyo Women’s Medical
University Ethics Committee (#3636).

RESULTS

KDSS was identified in 6 (1.1%) of 552 patients with Kawasaki
disease (KD) treated at our institution in Japan between 2015 and
2020 (2 in 2015, 2 in 2018, 1 in 2019, and 1 in June 2020). The
incidence of KDSS was 1.1% or 0.09 per month (Figure 1). There
was no increase in the number of patients with KD or KDSS
in 2020.

Patient Characteristics

The median age of the 6 patients with KDSS was 3.5 years in
Japan, which was younger than that of 106 patients with KDSS
worldwide (19). There were 655 patients with MIS-C and they
were older than the KDSS patients (Table 1). The male to female
ratio was 1:1 in our small cohort but 1.2:1 in the KDSS patients
worldwide and MIS-C patients.

Clinical Features

In our 6 KDSS cases, the median day of illness at the first visit was
day 6 (range, 4-6). Three patients had more than five primary
symptoms at the first visit and the other 3 patients had six
symptoms at the start of treatment (Table 2). Diagnosis of KD
was straightforward in all cases. Shock was eventually diagnosed
in the 6 patients. The onset of shock was before treatment in 3
cases (Cases 4-6 in Table 2), at 5 and 8 h after the first dose of
IVIG in 2 cases (Cases 1 and 3), and immediately after the start
of the second dose of IVIG in 1 case (Case 2). Five (88%) of the 6
patients reported gastrointestinal symptoms, which were found
to be accompanied by gallbladder enlargement on abdominal
echography. One patient had acute kidney injury. The median
Kobayashi risk score at admission was 6 (range, 2-9).

In KDSS patients worldwide, 72 of 106 (70%) had complete
KD. In MIS-C, the frequency of a diagnosis of complete KD was
6.3% (Table 1). The frequency of patients who met KD criteria in
MIS-C was significantly lower than that in KDSS (p < 0.01) (24).

Gastrointestinal symptoms were common in both KDSS and
MIS-C (Table 1). Cardiovascular symptoms were present in all
patients with KDSS in Japan but in only about 50% of those with
KDSS worldwide or MIS-C (19, 24).

Laboratory Findings
Notable features of the KDSS were a high neutrophil ratio, a
platelet count of <30 x 10*/pL, and a high bilirubin level
(Table 2). These features have previously been reported in high-
risk patients with KD (25-27).

We obtained laboratory data of patients with MIS-C from four
previous papers in Europe and the US (5-8). The increase in
the neutrophil ratio and the decreases in lymphocyte count and
hemoglobin level were similar in KDSS and MIS-C. However, the
decrease in platelets was more pronounced in MIS-C (Table 3).
The difference was significant when we compared data in our 6
patients to those in 10 patients in Italy (p = 0.0011) (5). With
regard to inflammation markers, the C-reactive protein, ferritin
levels, and the erythrocyte sedimentation rate were similar in
both KDSS and MIS-C. No data were reported for bilirubin in
MIS-C patients. The D-dimer value as a coagulation parameter
could not be evaluated due to lack of data in KDSS patients.
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FIGURE 1 | Cases of KD and KDSS between 2015 and 2020 at a single institution in Japan. White columns represent KD and black columns represent KDSS. KD,
Kawasaki disease; KDSS, Kawasaki disease shock syndrome.

TABLE 1 | Comparison between patients with KDSS and those with MIS-C.

Type of presentation KDSS in KDSS MIS-C
this study worldwide  (n = 655) (24)
(n=6) (n =106) (19)
Age at onset 3.5(3-12y) 5.0y 8 (3 mo—20Yy)
Sex
Male (%) 50% 55% 55%
Hospital stay, d 6 (4-6) mean 7.2 4 (3-6)
Clinical Symptoms
Fever 100% 100% 100%
Gastrointestinal 87% 75% 70%
Cardiovascular 100% 50% 51%
Neurologic 0% 54% 22%
Skin rash 100% ND 58%
Respiratory 0% 32% 9.6%
Renal 13% 46% ND
Met KD criteria 100% 70% 6.2%
Treatment and outcome
Inotropes 67% 67% 45%
Invasive mechanical ventilation 0% 28% 20%
Death 0% 6.7% 1.7%

Physical and Cardiovascular Function
Associated With Shock

The 6 patients with KDSS had a median systolic blood pressure
on admission of 78 (range, 72-93) mmHg, which is normal
for children, but had minimum systolic blood pressures that

were 30-39% lower than those recorded after recovery. However,
the median diastolic blood pressure at admission was 41
(29-51) mmHg, which was within the normal range. The
limbs were warm in all patients, indicating warm shock. On
echocardiography, 3 of the 6 cases (50%) had a low cardiac
ejection fraction during shock. Four patients (67%) had mild
pericardial effusion. Second-degree atrioventricular block was
observed in Case 3, which recovered by 1 month after onset of
KD (Table 2).

Shock developed in all patients with KDSS in Japan but in 50%
of patients with KDSS worldwide and in only 23% of patients with
MIS-C (Table 4). BNP and NT-pro BNP levels were elevated in
both KDSS and MIS-C (Table 3). Troponin data were available
for only 2 patients with KDSS in Japan, precluding comparisons.

Treatment

In the 6 patients with KDSS, treatment was started on median day
6 of illness. All patients received IVIG plus aspirin. Cyclosporine
A was administered with IVIG and aspirin in Case 6 (Table 2).
Three of the 6 patients were resistant to the initial dose of IVIG
and required up to third-line treatment for KD. Four of the 6
patients received inotropic agents, including dobutamine and a
phosphodiesterase (PDE) inhibitor. The response to these agents
was very good in all cases. The first patient received dobutamine
3 pg/kg/h, which was tapered over 4 days (Case 1 in Table 2).
The second patient received a combination of dobutamine and
a PDE inhibitor (Case 2); the initial dose of dobutamine was
3y and that of the PDE inhibitor was 0.1y, with a treatment
duration of 4 days. The third patient received dobutamine over
a period of 26h (Case 3). A combination of dobutamine and

Frontiers in Pediatrics | www.frontiersin.org

March 2021 | Volume 9 | Article 625456


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Suzuki et al.

KD Shock Syndrome and MIS-C

TABLE 2 | Clinical and laboratory features of 6 patients with KDSS.

Case1 Case 2 Case 3 Case 4 Case 5 Case 6
Date of onset June 2015 Dec 2015 Apr 2018 June 2018 June 2019 June 2020
Age, y 12 4 6 3 3 3
Sex M F M F F M
Day of illness at KD diagnosis 6 4 6 6 6 5
Day of illness at shock 6" 9" 7 6 6 5
Type of KD Complete Complete Complete Complete Complete Complete
Conjunctival injection Yes No Yes Yes Yes Yes
Lips and tongue Yes Yes Yes Yes Yes Yes
Rash Yes Yes No Yes Yes Yes
Swollen hands and feet Yes Yes Yes Yes Yes Yes
Lymphadenopathy Yes Yes Yes Yes Yes Yes
Other symptom
Abdominal pain Yes Yes No Yes No No
Diarrhea No Yes No No No No
Vomiting No No No No No Yes
Shock Yes Yes Yes Yes Yes Yes
Renal failure No Yes No No No No
Others A-V block
Bacterial culture and antigen exam GAS+ No No No No COVID-19 PCR (-)
CRP (mg/dL) 23 17.2 26.7 28.5 10.3 5.07
ESR (mm/h) 93 68 115 123 122 ND
White blood cell count 9.14 25.97 13.5 21.18 13.7 12.5
Neutrophils (%) 93 89 85 92 86 83
Lymphocytes (%) 2.7 8.9 121 4.6 9.1 14
Hemoglobin (g/dL) 12.6 8.6 10.2 9.2 10.9 13.4
Platelets (x 10%) 231 31.9 251 19.6 214 26.6
Albumin (g/dL) 2.7 2.0 2.0 1.7 2.8 3.5
Sodium (MmEg/L) 134 128 129 135 129 136
AST (U/L) 50 19 44 33 44 39
ALT (U/L) 85 21 7 25 31 7
Total bilirubin 5.5 4.2 1.2 1.2 0.4 0.4
Ferritin (ng/mL) 713.8 548 ND 447 646 175.9
D-dimer 22.92 ND ND ND ND ND
CPK 14 235 52 iR 22 36
Troponin | 0.03 ND ND ND ND 15.8
BNP (pg/mL) 96.6 678 1179 1764 789.8 568
Kobayashi score 6 9 6 2 6 5
Pneumonia on chest X-ray No No No No No No
Ejection fraction before treatment 68 69 69 38 44 48
Mitral valve regurgitation No Yes Yes No No Yes
Pericardial effusion Yes Yes Yes Yes No No
Coronary artery lesion Yes Yes Yes No No No
Inotropes Yes Yes Yes Yes No No
Response to treatment Yes Yes Yes Yes Yes Yes

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BNF, brain natriuretic peptide; CPK, creatine phosphokinase; CRF, C-reactive protein; ESR, erythrocyte sedimentation

rate; KD, Kawasaki disease; ND, no data; *During/after IVIG treatment.

a PDE inhibitor was administered in the fourth patient; the
respective initial doses were 2 and 0.05y and the treatment
duration was 4 days (Case 4). No inotropic agent was used in
Case 5 and Case 6. Systolic blood pressure during use of inotropic

agents was over 110 mmHg in 3 of the 4 patients who received
inotropic support.

In the KDSS patients worldwide, 67% were treated with
inotropic agents. In the MIS-C patients, 45% were treated with
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TABLE 3 | Laboratory data.

Type of presentation KDSS in this KDSS MIS-C in Italy (5) MIS-C in UK (6) MIS-C in NewYork MIS-C in US (8)
study (n = 6) worldwide (n =10) (n = 58) (7) (n = 186)
(19) (n = 106) (n = 99)
CRP (mg/dL) 20.1(12.0, 25.8) 19.1% 24.1(9.7, 27.9) 22.9 (156, 338) 21.9(15.0, 30.0) 17.8(12.8, 25.9)
ESR (/mm) 115 (93, 122) 61.9" 75.5 (51, 97) ND 61.5 (43.0, 77.5) 65 (42, 91)
White blood cell count (x103/mm?)  13.6 (12.8, 19.3) 17.3* 10.8 (6.1)" 17 (12, 22) 10.4 (6.7, 14.5) ND
Neutrophils (%) 87.5% (85.3, 91.3) 81.0" 84.8% (78.6, 90.3) 13 (10, 19) 82.0% (76.0-89.0) ND
Lymphocytes (x 10%/mmd) 1.44 (1.04, 1.72) ND 0.83(0.46,1.12)  0.80(0.50, 1.50) ND ND
9.0% (5.7, 11.4) 10.0% (5.0, 16.0)
Hemoglobin (g/dL) 10.6 (9.2, 12.6) 11,17 1 (1.2 9.2(8.3,10.3) ND <9.0: 48%
Platelets (x10%/mm3) 241 (21.4, 26.6) ND 13.0(11.6,142) 151 (10.4, 21.0) 15.5 (10.5, 23.3) 13.3 (8.8, 23.5)
ALT (UL 41.5 (25, 77) 97.1* 56 (26, 79) 42 (26, 95) ND ND
Albumin (g/dL) 2.4(2.0,2.8) 2.4% 3.2 (0.3) 2.4(2.1,2.7) 3.1(2.5,3.6) 2.5(2.0, 2.9)
Ferritin (ng/mL) 548 (447, 646) ND 893 (324, 2000) 610 (359, 1280) ND 639 (332.7, 1178.2)
CPK (U/L) 29 (22, 52) ND 78 (40, 87) ND ND ND
Elevated BNP or NT-pro BNP (%) 100% ND 100% ND 90% ND
Median (IQR). *Mean. ND, No data.
, , between cases in Japan and cases in Europe and the US. We
TABLE 4 | Cardiovascular phenotype in KDSS and MIS-C. . ‘e
have encountered 6 cases in 5 years based on the definition of
Type of presentation KDSS in KDSS MIS-C Kanegaye et al. (12). The frequency in Japan is 1.1%, which
this study ~ worldwide (0 = 655) (24) is less than the rate of 5-7% reported in Europe and the US
(n=6) (n=91) (19)" (16-18). The frequency is also 1-3% in Taiwan and China,
and there are reports suggesting that KDSS is less common in
Ejection fraction <55 50% 45%** 32% . the eports sugge 8 t . 5S .S ; S ¢ . °
N Asians (20-23). The features of KDSS identified in this study,
Myocarditis 100% ND 23% . . . .

’ o such as patients being older than those with KD without shock,
Mitral valvular regurgitation 50% 14% ND . . . .
c orv o i S0c - 19t presence of more abdominal symptoms, meeting the diagnostic

oronary artery abnormalities . . . . .

aren ° ’ ’ criteria for KD, likelihood of being refractory to IVIG, and use
Circulatory shock 100% 50% 26%

*Patients in whom echocardiography was obtained. **Ejection fraction <50%.
7‘Among 482 patients in whom echocardiography was obtained. ND, No data.

inotropic agents, which is a smaller proportion than in the
patients with KDSS in Japan (Table 1).

Coronary Artery Abnormalities and

Mortality

Three of the 6 patients with KDSS in Japan (50%) had CA As. Case
1 had a giant aneurysm, and Cases 2 and 3 had transient dilation.
This high incidence of CAAs was similar in KDSS patients
worldwide (Table 4) (19). Patients with MIS-C had CAAs at a
frequency of 11% among 482 patients in whom echocardiography
was obtained (24).

There were no deaths from KDSS in Japan, whereas 6.7% of
patients with KDSS worldwide and 1.7% of patients with MIS-
C died. The US Centers for Disease Control and Prevention
reported 20 deaths among 1,027 cases of MIS-C (2%) as of
October 12, 2020 (28).

DISCUSSION

There are few reports of KDSS in Japan (23), and there is
insufficient information on the differences in clinical symptoms

of vasoactive agents in two-thirds of cases, are consistent with
the features reported in a review of KDSS centered on Europe
and the US (19). However, in the review, the frequency of
requirement for mechanical ventilation (28%) and the mortality
rate (6.8%; 7 patients, 3 of whom had myocardial infarction)
were different from our experience. Access to medical care is
good in Japan, and diagnosis of KD is rapid given the relatively
high frequency of the disease in Japan. On average, treatment
is started on day 4 of illness. Early treatment may help to
reduce mortality.

KD, and especially KDSS, has received considerable attention
due to the outbreak of MIS-C in 2020. Two to 4 weeks after
the onset of SARS-CoV-2 infection, inflammation spreads to
multiple organs. Many children present with disorders affecting
the circulatory, gastrointestinal, renal, and other organ systems,
and this condition is diagnosed as MIS-C or PIMS-TS (1-3).
MIS-C was reported to have clinical symptoms similar to those of
KDSS (4-9). Many more cases of KDSS have been registered since
March 2020 than were diagnosed until 2019 (4-8). However,
there are very few reports of MIS-C in Asia, including Wuhan,
which is the birthplace of SARS-CoV-2 (14, 15). As shown here,
the number of cases of KDSS did not increase in 2020 in Japan. In
2020, we had 1 case of KDSS, which was negative for SARS-CoV-
2 by polymerase chain reaction (antibodies untested). The total
number of KD cases in Japan is lower in 2020 than in 2019.

Frontiers in Pediatrics | www.frontiersin.org

March 2021 | Volume 9 | Article 625456


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Suzuki et al.

KD Shock Syndrome and MIS-C

Patients with KDSS are older than those with KD without
shock, but the percentage under 5 years of age was reported to
be 56% in the review of KDSS (19) and was 67% in our case
series. In contrast, about 25% of patients with MIS-C were over
12 years old. It has been reported that 55% of patients with KDSS
worldwide are boys (19) and that the sex ratio for MIS-C is the
same (24).

The pathophysiology of KDSS is understood to be mainly
arteritis and myocarditis with lesions in multiple organs. In our
experience, the limbs are warm and KDSS is considered to be
a mixed type of shock due to decreased cardiac contraction
and hyperpermeability of the peripheral arteries (18). In MIS-C,
whether or not the pathophysiology of shock is similar to that of
KDSS is an important question.

The rate of CAAs is much higher in KDSS than in MIS-C.
The frequency in KDSS was significantly higher than that in the
MIS-C (p < 0.01) (19, 24). Some patients with MIS-C present
with coronary aneurysm similar to KD; however, the definition
of MIS-C differs slightly between the US, Europe, and the World
Health Organization, and since it is not strict, some KD cases
could be mixed in with MIS-C cases. SARS-CoV-2 infection
promotes release of an angiotensin-converting enzyme receptor
in the vascular endothelium and has been reported to cause
vasculitis (29), but we would like to know whether the main focus
of inflammation is arteries or veins. Recently, Consigio et al. (30)
published a comprehensive analysis of peripheral blood immune
cells and blood cytokines in patients with KD and MIS-C and
reported that the inflammatory response in MIS-C differs from
that in KD with respect to T cell subsets, some cytokines, and
biomarkers associated with arterial damage.

Gastrointestinal symptoms are also common in KDSS,
particularly vomiting and abdominal pain, which are caused by
cholestasis (19). We believe these symptoms may also be caused
by gastrointestinal hypoperfusion due to heart failure. In MIS-
C, the main symptom is reported to be diarrhea (4-8). We
would like to know about gallbladder swelling and the blood
bilirubin level in MIS-C. Renal failure, nervous system disorders,
and respiratory symptoms were reported to occur with similar
frequency in KDSS and the MIS-C (5-8, 19, 24).

In our study, the ferritin level, which is important for the
diagnosis of MIS-C, was not markedly different between patients
with MIS-C and those with KDSS. However, serum ferritin
levels were extremely high in some patients with MIS-C, and
we consider that further investigation is needed before we can
draw a conclusion. Platelet counts were often below 300,000/
in both diseases but were lower in patients with MIS-C. Although
measurements of D-dimer and fibrinogen were insufficient in this
study, we think that the pathophysiology of MIS-C is closer to
that of macrophage-activating syndrome.

Both diseases had much in common in terms of treatment,
with management in the intensive care unit in 70-80% of
cases and ventilation management in 20-30%; about 50% were
refractory to IVIG, and steroids were used in 35%. Use of
vasoactive agents was significantly higher in the KDSS patients
than in the MIS-C patients (67 vs. 43%; Table 1), which reflects

the fact that the phenotype of KDSS includes more severe heart
failure. The mortality rate for the two diseases is similar at 0-6.7%
for KDSS and 0-2% for MIS-C (4-8, 28) (Table 1).

This study has several limitations. First, the number of KDSS
cases was small, and some of our findings were different from
those reported previously for KDSS, so we did not adequately
perform statistical analysis. Therefore, we cannot reach any
definitive conclusion based on our results. Second, the diagnostic
criteria for both KDSS and MIS-C are symptom-based diagnoses,
and their clinical symptoms overlap. Of course, there may be
patients who meet both diagnostic criteria for both diseases.
Third, the study had a retrospective design, which meant that
only a limited number of features could be compared between
KDSS and MIS-C.

CONCLUSION

KDSS in Japan and MIS-C in European countries have some
similar clinical signs and symptoms, but despite this overlap are
unlikely to be the same disease entity, in light of the diagnostic
criteria for KD and the incidence of CAAs, which are features of
the most important phenotype of KD. KDSS has a predominantly
cardiovascular phenotype and requires more treatment with
circulatory agents. Analysis of the pathophysiology of MIS-C has
started, and further studies focusing on vasculitis are awaited to
elucidate the size of blood vessels and whether arteries or veins
are mainly involved.
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