Letters to the Editors

Kawasaki disease shock
syndrome in Korean children

Sirs,

Kawasaki disease (KD) is a systemic in-
flammatory vasculitis of unknown cause
that predominantly occurs in children under
5 years of age (1, 2). In rare cases, KD can
present with shock, and this unique and se-
vere subtype of KD is called Kawasaki dis-
ease shock syndrome (KDSS) (3, 4). KDSS
has a more severe disease course and worse
outcomes than haemodynamically stable
KD (3-5). KDSS can be confused with vari-
ous paediatric conditions that cause severe
inflammation, such as septic shock, toxic
shock syndrome (TSS), multi-system in-
flammatory syndrome in children (MIS-C),
or macrophage activation syndrome (MAS)
(6, 7). Although many studies on KD have
been conducted in East Asia, research on
KDSS is limited, especially in Korea (8,
9). In this brief report, we investigate the
incidence and characteristics of KDSS in
Korean children.

This retrospective study reviewed data
from nine patients with KDSS hospitalised
at four hospitals in Korea (Seoul St. Mary’s
Hospital, Eunpyeong St. Mary’s Hospital,
Bucheon St. Mary’s Hospital, and Dae-
jeon St. Mary’s Hospital) between Janu-
ary 2013 and December 2022 (8). Among
the patients with KD (M30.3), those who
received vasoactive drugs or had a second-
ary diagnosis code for hypotension (195.9)
were considered to have developed KDSS.
All nine patients with KDSS met both the
diagnostic criteria for KD (1) and the case
definition of shock (systolic hypotension
for age, a decrease in systolic blood pres-
sure from baseline =20%, or clinical signs

of hypoperfusion) (4). When calculating
the incidence of KDSS, patients with KD
who received treatment with intravenous
immunoglobulin (IVIG) and aspirin during
hospitalisation were included in the total
number of patients with KD. To estimate
the severity of KDSS, 140 patients with KD
from our previous study (2) were selected
as a control group for comparison.

The study protocol was approved by the
Institutional Review Board of the Catho-
lic University of Korea (approval no.:
HC24RISI0024).

During the 10-year study period, 1,095 pa-
tients with KD were hospitalised, and the
incidence of KDSS was 0.8% (9/1,095).
Table I presents the characteristics of pa-
tients with KDSS. Of the nine patients with
KDSS, seven were hospitalised between
January 2013 and December 2019 and two
were hospitalised between January 2020
and December 2022 (i.e. during the COV-
ID-19 pandemic). Age, initial diagnosis,
and time to KDSS diagnosis varied among
the patients. Rash and conjunctivitis were
common KD-related symptoms observed in
most patients (8/9). All patients had multi-
organ involvement, with gastrointestinal
(8/9) and cardiac (7/9) involvement being
the most common. Haematologic (6/9),
renal (3/9), and neurologic (2/9) involve-
ments were also observed. Notably, some
patients (4/9) met the 2016 MAS diagnostic
criteria (10). For management, vasoactive
drugs (8/9), systemic steroids (7/9), and
biologic agents (1/9) were administered in
addition to IVIG and aspirin.

The clinical and laboratory findings of pa-
tients with KDSS (n=9) and KD (n=140)
are shown in Supplementary Table SI.
Compared with patients with KD, those
with KDSS were older, had longer hospi-

tal stays, and showed higher rates of IVIG
resistance, coronary artery abnormalities
(CAAs), empirical antibiotics, and inten-
sive care unit (ICU) admission. Laboratory
abnormalities, such as anaemia, thrombo-
cytopenia, C-reactive protein (CRP) eleva-
tion, hypoalbuminaemia, and pyuria, were
also observed more frequently in patients
with KDSS than in those with KD.

The term KDSS was first introduced by
Kanegaye et al. (3) in 2009 to distinguish
this severe form of KD from haemody-
namically stable KD. In their study, IVIG
resistance and CAAs were more frequent
in patients with KDSS than in those with
KD without shock. In addition, KDSS has
distinct epidemiological characteristics (5).
In contrast to KD, KDSS occurs more fre-
quently in children older than 5 years, in
Hispanic populations, and in non-Asian re-
gions (4, 7). In this study, the incidence of
KDSS was lower than that reported in non-
Asian regions (Table II) (3, 11-16).

The initial diagnoses of the nine patients
with KDSS varied, including septic shock,
TSS, atypical KD, myocarditis, bacterial
cervical lymphadenitis (BCL), urosepsis, or
appendicitis. On the day of hospitalisation,
one patient showed typical KDSS manifes-
tations that met both the KD criteria and
the shock definition, whereas the remaining
eight patients showed atypical manifesta-
tions. Over half of the patients (5/9) with
KDSS were diagnosed with complete KD.
However, KD-related symptoms did not ap-
pear all at once, so the KDSS diagnosis was
delayed. Early KDSS recognition may have
been more challenging in patients with in-
complete KD and fewer KD-related symp-
toms. Therefore, KDSS should be consid-
ered in the differential diagnosis of children
with unexplained organ dysfunction, even

Table I. Characteristics of nine children with KDSS in Korea.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9
Date of hospitalisation Sep 2013 Aug 2014 Jan 2016 Feb 2016 Feb 2018 Mar 2018 Mar 2018 Jan 2022 Feb 2022
Age (year) / Sex 60/M 13.1/M 1.8/M 155/F 10/F 93/F 123/F 99/F 59/M
Initial diagnosis BCL Atypical KD Urosepsis Septic shock  Myocarditis TSS Appendicitis ~ Septic shock KDSS
Time to KDSS diagnosis (day) Tth 3rd 4th 6th 13th Tth 5th 6th 1st
KD-related symptoms
Rash Y Y Y - Y Y Y Y Y
Conjunctivitis Y Y Y Y Y - Y Y Y
Oropharyngeal inflammation Y Y Y - Y Y - - Y
Extremity changes Y Y - Y Y - - - -
Cervical lymphadenopathy Y - - - - Y - Y
Type of KD Complete Complete Complete Incomplete Complete Incomplete  Incomplete Incomplete Complete
Organ involvement and outcomes
Shock, systolic/diastolic 68/30 74/38 60/32 80/50 66/39 59/26 72/55 52/40 62/27
Other organs involved C,G,H,R C,G,H G C,G,N C,G,H,R G,H C,G,H C,H,N C,G,R
MAS (met 2016 criteria)” - Y Y - - - - Y Y
IVIG resistance Y Y Y - Y - - -
CAAs Y - - Y Y - - - Y
Successful recovery Y Y Y Y Y Y Y Y Y

KDSS: Kawasaki disease shock syndrome; KD: Kawasaki disease; M: male; F: female; BCL: bacterial cervical lymphadenitis; TSS: toxic shock syndrome; Y: yes; —: no or not
tested; C: cardiac (i.e. myocarditis); G: gastrointestinal; H: haematologic (i.e. cytopenia or coagulopathy); R: renal (i.e. acute kidney injury); N: neurologic; MAS: macrophage
activation syndrome; IVIG: intravenous immunoglobulin; CAAs: coronary artery abnormalities.
"MAS is diagnosed when ferritin >684 ng/mL plus 2 of 4 criteria (platelet counts <181 x 10/L, aspartate aminotransferase >48 U/L, triglycerides >156 mg/dL, or fibrinogen <360

mg/dL) (10).
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Table II. Incidence and characteristics of KDSS by region.

KDSS/KD IVIG resistance CAAs Vasoactive drugs ICU admission
Non-Asian regions
US, 2009 (3) 13/187 (7.0%) 6/13 (46%) 8/13 (62%) 7/13 (54%) 12/13 (92%)
Mexico, 2013 (11) 11/214 (5.1%) 6/11 (60%) 10/11 (91%) 11/11 (100%) 11/11 (100%)
Spain, 2015 (12) 3/48 (6.2%) 2/3 (67%) 3/3 (100%) 2/3 (67%) 3/3 (100%)
Italy, 2017 (13) 5/84 (6.0%) 3/5 (60%) 3/5 (60%) 2/5 (40%) 3/5 (60%)
Asian regions
Taiwan, 2015 (14) 9/474 (1.9%) 2/9 (22%) 7/9 (718%) 8/9 (89%) 9/9 (100%)
China, 2019 (15) 27/2203 (1.2%) 19/27 (70%) 15/27 (55%) 8/27 (30%) 13/27 (48%)
Japan, 2021 (16) 6/552 (1.1%) 3/6 (50%) 3/6 (50%) 4/6 (67%) -
Korea, this study 9/1095 (0.8%) 4/9 (44%) 4/9 (44%) 8/9 (89%) 9/9 (100%)

KDSS: Kawasaki disease shock syndrome; KD: Kawasaki disease; IVIG: intravenous immunoglobulin; CAAs: coronary artery abnormalities; ICU: intensive care unit; —: no or

not tested.
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Fig. 1. Conceptual comparison of KDSS, KD/MAS, and MIS-C. (A) KDSS is diagnosed when shock presenting as
organ dysfunction is observed in children with KD. (B) KD/MAS is diagnosed when severe systemic inflammation
meets the MAS criteria in children with KD or KDSS. (C) MIS-C is diagnosed when SARS-CoV-2 infection is con-
firmed in children with systemic inflammation and organ dysfunction.

KDSS: Kawasaki disease shock syndrome; KD: Kawasaki disease; KD/MAS: Kawasaki disease complicated by
macrophage activation syndrome; MIS-C: multisystem inflammatory syndrome in children; SARS-CoV-2: severe

acute respiratory syndrome coronavirus 2.

if KD-related symptoms are absent (13, 14).
When the 2016 MAS criteria were retro-
spectively applied to patients with KDSS,
some patients (4/9) met the criteria. These
patients presented with a more severe clini-
cal picture than those who did not meet the
criteria. MAS is a life-threatening hyper-
inflammatory condition caused by exces-
sive activation of T cells and macrophages
(10). MAS has been increasingly reported
in children with various systemic inflam-
matory diseases, such as systemic juvenile
idiopathic arthritis (SJIA, ~10%), systemic
lupus erythematosus (SLE, ~5%), and KD
(~2%) (6). Ma et al. (9) reported that 10%
(2/21) of patients with KDSS had hae-
mophagocytosis on bone marrow examina-
tion. Given the relatively high incidence of
MAS in KDSS, KDSS should be included
among the leading causes of paediatric
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MAS. Furthermore, distinguishing between
KDSS and KD complicated by MAS (KD/
MAS) is important because their patho-
physiology and therapeutic strategies differ.
Two patients with KDSS (cases 8 and 9)
were hospitalised during the COVID-19
pandemic. They were diagnosed with
KDSS because there was no evidence of
SARS-CoV-2 infection. Otherwise, the
patient would have been diagnosed with
MIS-C (5, 16). The fundamental differ-
ence between KDSS and MIS-C is the
identification of SARS-CoV-2 (8). Figure
1 compares the components of KDSS, KD/
MAS, and MIS-C, showing their similari-
ties and differences. This study has some
limitations. First, this is a small retrospec-
tive study, and larger nationwide studies are
needed to support the findings. Second, the
incidence of KDSS may have been under-

estimated because patients with KDSS who
did not receive vasoactive drugs may have
been excluded from the study.

In summary, the incidence of KDSS in
Korea was low compared with non-Asian
regions. Patients with KDSS had more se-
vere clinical and laboratory findings and
higher rates of IVIG resistance and CAAs
than those with haemodynamically stable
KD. Of the nine patients with KDSS, two
were hospitalised during the COVID-19
pandemic and four developed MAS. On
the day of hospitalisation, only one patient
exhibited typical KDSS manifestations that
met both the KD criteria and the definition
of shock. Therefore, clinical suspicion of
KDSS is necessary to avoid diagnostic de-
lay in patients with atypical presentation.
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