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I N TRODUC TION

Coronavirus disease (COVID-19), caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), re-
mains an important public health problem. Multisystem 
inflammatory syndrome in children (MIS-C) is a rare con-
dition linked to SARS-CoV-2, which typically manifests 

itself 2–5 weeks following infection with SARS-CoV-2, and 
likely occurs as a consequence of a delayed immunologic re-
sponse to the virus.1 Multisystem inflammatory syndrome 
in children is similar to Kawasaki disease, and patients 
with MIS-C have a higher mortality rate than patients with 
COVID-19.2 Likewise, a similar hyperinflammatory mul-
tisystem state temporally associated with COVID-19 has 
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Abstract
Aim: Multisystem inflammatory syndrome in adults (MIS-A) is a hyperinflam-
matory multisystem condition associated with coronavirus disease (COVID-19). 
Critically ill COVID-19 patients may develop multiorgan damage and elevated in-
flammatory responses, thus making it difficult to differentiate between progression 
to organ damage due to COVID-19 itself or MIS-A. This study aimed to explore the 
characteristics and complications of MIS-A in critical COVID-19 patients.
Methods: The Japan Extracorporeal Membrane Oxygenation (ECMO) Network 
and ICU Collaboration Network developed a web-based database system called the 
CRoss Intensive Care Unit Searchable Information System (CRISIS) to monitor criti-
cal COVID-19 patients throughout Japan. We retrospectively identified patients with 
MIS-A among critical COVID-19 patients enrolled from March 2020 to December 
2021, using CRISIS. Our MIS-A definition required patients to be at least 18 years 
of age, have laboratory evidence of inflammation, severe dysfunction of at least two 
extrapulmonary organ systems, and no plausible alternative diagnoses.
Results: Of the 1052 patients, 26 (2.5%) were diagnosed with MIS-A. The MIS-A 
patients had a higher likelihood of using ECMO (13% vs. 46%, p < 0.001) and lower 
overall survival (77% vs. 42%, p < 0.001) than non-MIS-A patients. More than 80% of 
the MIS-A cases occurred 3 weeks after the COVID-19 onset.
Conclusion: Multisystem inflammatory syndrome in adults can occur in 2.5% of 
critically ill COVID-19 patients, and the mortality rate is high. Multisystem inflam-
matory syndrome in adults may be considered when there is a re-elevation of the 
unexplained inflammatory response and severe dysfunction of at least two extrapul-
monary organ systems several weeks after the onset of COVID-19.
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been observed in adults, termed multisystem inflammatory 
syndrome in adults (MIS-A).3 Multisystem inflammatory 
syndrome in adults also develops approximately 4 weeks 
after the onset of COVID-19.4 Although the clinical course 
of patients with COVID-19 varies depending on the virus 
strain, COVID-19 infection induces respiratory disorders 
between days 5 and 8 and severe respiratory failure within 
10–12 days in serious cases.5 In other words, critical illness 
in COVID-19 patients may coincide with the emergence 
of MIS-A. Therefore, it can be difficult to distinguish be-
tween progression to organ damage due to acute respiratory 
distress syndrome of COVID-19 itself and due to MIS-A if 
multiorgan damage with elevated inflammatory response 
arises during the treatment of critically ill COVID-19 pa-
tients. How MIS-A develops in patients critically ill with 
COVID-19 is not known. The purpose of this study was to 
examine MIS-A complications and characteristics in criti-
cally ill patients with COVID-19.

M ETHODS

Study settings

The Japan Extracorporeal Membrane Oxygenation (ECMO) 
Network, a nonprofit organization, was established in Feb-
ruary 2020.6 The organization and the ICU Collabora-
tion Network, also a nonprofit organization, developed a 
web-based database system, the CRoss Intensive Care Unit 
Searchable Information System (CRISIS), to enable real-time 
monitoring of critically ill COVID-19 patients receiving me-
chanical ventilation and veno-venous ECMO (VV-ECMO) 
in intensive care units (ICUs) throughout Japan during the 
pandemic. The CRISIS database covers more than 6600 ICU 
beds, accounting for approximately 90% of all ICU beds in 
Japan. Our research plan to collect data from ICUs through-
out Japan for analysis and use the data for epidemiological 
studies was approved by the Ethical Review Committee of 
Hiroshima University (approval number: E-1965). The study 
was registered with the University Hospital Information Net-
work Clinical Trials Registry, the Japanese clinical trial reg-
istry (registration number: UMIN000041450). Institutional 
review board approval and patient consent at each institu-
tion were not required for this study because only publicly 
available data were used. The ethics committees of the Japa-
nese Society of Intensive Care Medicine, Japanese Associa-
tion for Acute Medicine, and Japanese Society of Respiratory 
Care Medicine agreed to this waiver. In this retrospective 
cohort study, COVID-19 patients were defined as those who 
tested positive for SARS-CoV-2 using polymerase chain re-
action or antigen testing. Using the CRISIS cases enrolled 
from March 2020 to December 2021, we identified patients 
with MIS-A as critically ill COVID-19 patients. There were 
five COVID-19 outbreaks in Japan until December 2021.7 In 
the fourth wave (March 1, 2021 to June 20, 2021), the Alpha 
variant (B.1.1.7) was the main strain. In the fifth wave (June 
21, 2021 to December 31, 2021), the Delta variant (B.1.617.2) 

was the main strain.7 We examined the occurrence of MIS-A 
depending on the Alpha variant seasons and the Delta vari-
ant seasons.

Definition of MIS-A

Although the Centers for Disease Control and Prevention 
(CDC) recently defined the diagnostic criteria for MIS-A,8 
these criteria were not yet established when our study was 
designed. Therefore, the definition of MIS-A was devel-
oped based on the MIS-C criteria1 and the case definition 
of Morris et al.3 Our definition required the follow-
ing criteria to be fulfilled: (1) the patient is aged at least 
18 years old, (2) laboratory evidence of inf lammation, (3) 
presence of severe dysfunction of at least two extrapulmo-
nary organ systems, (4) no plausible alternative diagno-
ses, and (5) positive SARS-CoV-2 test results either during 
admission or in the past. We lowered the minimum age 
requirement from 21 to 18 years to identify potentially un-
diagnosed MIS-C cases in the adult population receiving 
medical services. As per the definition by Morris et al.3 
we selected extrapulmonary organ systems including hy-
potension or shock, heart, kidney, blood, liver, gastroin-
testinal tract, skin, and nerves. As the CRISIS database 
used in this study compiles information on critically ill 
COVID-19 patients admitted to the ICU, for a patient to 
be diagnosed with MIS-A, he/she had to meet all three cri-
teria of laboratory evidence of inf lammation, severe dys-
function of at least two extrapulmonary organ systems, 
and no plausible alternative diagnoses. We did not include 
a question regarding fever in our diagnostic criteria, as 
patients in the CRISIS database were more likely to have 
received fever-modifying treatments, such as steroids 
or antipyretic analgesics. To extract MIS-A information 
from the database, we developed two questions: the first is 
related to the diagnosis of MIS-A and the second is related 
to the timing of MIS-A onset.

The questions are listed below.

Question 1-1: During COVID-19 treatment, 
did the patient have a re-elevation of the 
inflammatory response that could not be 
explained by other diseases?

Laboratory evidence of inflammation was defined as el-
evated C-reactive protein and interleukin-6 levels and high 
blood sedimentation rate. Patients with an initially elevated 
inflammatory response attributable to COVID-19 pneumo-
nia before and after ventilator initiation were excluded.

Question 1-2: Select the impaired organ(s)

(a) Hypotension or shock, (b) Heart, (c) Kidney, (d) Blood,  
(e) Liver, (f) Gastrointestinal tract, (g) Skin, (h) Nerves.
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Question 2: Select the time when the patients 
presented with a re-elevated inflammatory 
response or appearance of organ damage 
since the first symptoms of COVID-19

(a) 1–7 days, (b) 8–14 days, (c) 15–21 days, (d) 22–28 days,  
(e) 29–35 days, (f) 36–42 days, (g) After 43 days.

If the timing of the first symptoms of COVID-19 was un-
known, the date of the positive SARS-CoV-2 test result was 
considered the first day of COVID-19.

We sent the above questions regarding MIS-A to facilities 
registered in CRISIS and included the patients whose data 
were provided. If the response to Question 1-1 was “No”, the 
study enrollment was terminated; if the response was “Yes”, 
the enrollment proceeded to Question 1-2. If “0” or “1” organ 
failure was selected in Question 1-2, the study enrollment 
was terminated. If failure of two or more organs was noted in 
Question 1-2, the study enrollment proceeded to Question 2.

Data collection

The data stored in CRISIS included patient demographic 
information, the duration of mechanical ventilation and 
VV-ECMO, occurrence of the prone position and other 
supplementary treatments, as well as all-cause mortality. 
The data were collected only up to the time of discharge or 
transfer from each facility. Furthermore, the answers to the 
above questions were extracted. The data used in this study 
were obtained between March 2020 and December 2021. 
The ICU Collaboration Network, a nonprofit organization, 
established the registry and carried out inspections to en-
sure complete data entry. Different personnel from those 
responsible for data analysis undertook the data extraction 
and cleaning processes.

Statistical analysis

Data related to patient characteristics were expressed as fre-
quencies and percentages for categorical variables and as 
medians with interquartile ranges for continuous variables, 
as appropriate. Fisher's exact test was used for categorical 
variables, while the Mann–Whitney U-test was used to com-
pare continuous variables. All p values were two-tailed, and 
a significance level of p < 0.05 was considered statistically 
significant. Statistical analyses were carried out using SPSS 
Statistics version 25 (IBM Corp.).

R E SU LTS

Diagnostic process of MIS-A

A total of 1052 patients whose data regarding MIS-A were 
provided at facilities in CRISIS during the study period 
were enrolled in the registry, and all received mechanical 

ventilation. During COVID-19 treatment, 55 patients expe-
rienced “a re-elevation of the inflammatory response that 
could not be explained by other diseases.” Among these 
cases, 26 (2.5%) cases had “more than one organ system dis-
order” (Figure  1) and were diagnosed with MIS-A. Of the 
1052 patients, there were two patients aged 18–21 years and 
they were not diagnosed with MIS-A.

Comparison of MIS-A and non-MIS-A

Table 1 shows the characteristics of the patients, including 
1026 non-MIS-A patients and 26 MIS-A patients. Their over-
all survival (OS) rates were 77% (793/1026) and 42% (11/26), 
respectively (p < 0.001). Veno-venous ECMO was used in 
135 (13%) non-MIS-A patients and 12 (46%) MIS-A patients 
(p < 0.001). Patients with MIS-A had a higher likelihood of 
receiving VV-ECMO and a lower OS rate than non-MIS-A 
patients.

Characteristics of MIS-A

Table 2 shows the number of impaired organs in the patients 
with MIS-A. Kidney impairment was present in 18 patients 
(69%), hypotension or shock in 16 (62%), and gastrointestinal 
tract involvement in 16 (62%). Table 3 shows the number of 
impaired organs and survival rates in patients with MIS-A.  
Patients with six or more organ failures exhibited a 0% sur-
vival rate. The majority of the patients had two impaired 
organs (eight patients); the highest survival rate was 88%. 
The most common organ failure combinations were kidney 
and hypotension/shock, kidney and blood, and hypoten-
sion/shock and blood, with 12 cases (46%) each. Among the 
26 patients diagnosed with MIS-A (Figure 2); in more than 
80% of the MIS-A patients, the time from symptom onset to 
MIS-A onset was more than 3 weeks after COVID-19 onset. 
Of the 26 MIS-A patients, 9 (34.6%) were infected with the 
Alpha variant and 5 (19.2%) with the Delta variant.

DISCUSSION

This study showed the prevalence of MIS-A complications in 
critically ill COVID-19 patients receiving mechanical venti-
lation using a nationwide registry that covers the majority of 
ICUs in Japan. Among the 1052 patients enrolled, 26 (2.5%) 
were diagnosed with MIS-A and had a low survival rate. 
Furthermore, more than 80% of the MIS-A cases occurred 
3 weeks after the onset of COVID-19.

Multisystem inflammatory syndrome in adults is a rare 
but severe clinical condition.9 DeCuir et al. found that 53 
of 34,515 patients with mild-to-moderate COVID-19 had 
MIS-A (0.15%)9  and Melgar et al. found that 11 of 3598 
patients had MIS-A (0.3%).10 The present study showed 
that approximately 2.5% of the critically ill COVID-19 pa-
tients requiring mechanical ventilation developed MIS-A, 
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resulting in higher mortality rates. Physicians treating crit-
ically ill COVID-19 patients should be aware of the risk of 
MIS-A development. Although the clinical course varies 
with the virus strain, critically ill patients with COVID-19 
generally develop respiratory disorders on days 5–8, followed 
by severe respiratory failure on days 10–12.5 The duration 
of mechanical ventilation for such patients is approximately 
9 days.11 Reportedly, the onset of MIS-A is more common 
4 weeks after the onset of COVID-19.4 Although, to the best 
of our knowledge, there is no study of MIS-A, the severity 
of MIS-C has been found to decrease with each subsequent 
SARS-CoV-2 variant, especially the Omicron variant.12 
In this study, MIS-A complications were observed several 

F I G U R E  1   Flowchart of inclusion of Japanese patients with multisystem inflammatory syndrome in adults (MIS-A) and questions regarding MIS-A 
onset. COVID-19, coronavirus disease; CRISIS, CRoss Intensive Care Unit Searchable Information System.

T A B L E  1   Demographic and clinical characteristics and outcomes of 
patients.

Non-MIS-A 
(n = 1026)

MIS-A 
(n = 26)

p 
value

Age, years (IQR) 64 (54–72) 67 (56–73) 0.390
Male sex, n (%) 782 (76) 25 (96) 0.130
BMI, kg/m2 (IQR) 26 (23.3–29.2) 26 (22.8–29.3) 0.910
Prone position, n (%) 410 (40) 14 (54) 0.110
VV-ECMO, n (%) 135 (13) 12 (46) <0.001
Overall survival, n (%) 793 (77) 11 (42) <0.001

Note: Data are presented as the median (interquartile range [IQR]) or number (percentage).
Abbreviations: BMI, body mass index; MIS-A, multisystem inflammatory syndrome 
in adults; VV-ECMO, veno-venous extracorporeal membrane oxygenation.
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weeks after the onset of COVID-19. In other words, the tim-
ing of MIS-A onset and the treatment of patients critically 
ill with COVID-19 may overlap. The important of MIS-A 
is underrecognized,13 and the risk of MIS-A complications 
should be recognized when a re-elevation of the inflamma-
tory response that cannot be explained by other diseases is 
observed during the treatment of patients critically ill with 
COVID-19.

Reportedly, MIS-A has been treated using steroids and in-
travenous immunoglobulin (IVIG).4,9 In contrast, secondary 
bacterial or fungal infections can occur during the treatment 
of patients critically ill with COVID-19, and the mortality 
rate increases when secondary infections occur.14 Consider-
ing the possibility of organ damage due to a new infection, 
the use of immunosuppressive drugs is discouraged. When 
MIS-A is not recognized, treatment with steroids or IVIG is 
not initiated. Early intervention for MIS-A is crucial when 
an elevated inflammatory response that cannot be explained 
by other diseases is observed.

Several reports have indicated that MIS-A onset is more 
common in adolescents.4 However, in our study, the median 
age of patients with MIS-A was 67 years, which was not lower 
than that of patients without MIS-A. The selection criteria in 
this study focused only on critically ill COVID-19 patients 
requiring ICU admission, which might have resulted in a 
higher age group. Therefore, the possibility of MIS-A devel-
opment in older critically ill patients with COVID-19 should 
also be considered.

This study has several limitations. First, the diagnostic 
criteria for MIS-A were not established at the time of the 
study, and the diagnostic criteria used were based on the di-
agnostic criteria for MIS-C and prior published reports. The 
current CDC diagnostic criteria for MIS-A differ from those 
used in this study. Although MIS-A is a new disease con-
cept, a report from the UK used diagnostic criteria similar 
to those used in this study.15 This study captures the essence 
of MIS-A, namely the pathophysiology of some immune re-
sponses after SARS-CoV-2 infection, and will be useful for 
understanding the pathophysiology of MIS-A in the future. 
Second, this study was question oriented and did not provide 
a clear definition of organ failure and a re-elevation of the 
inflammatory response. Therefore, the definition of organ 
failure depended on the judgment of each respondent. Third, 
the final survival outcome remained indeterminate because 

T A B L E  2   Impaired organs of 26 Japanese patients with multisystem 
inflammatory syndrome in adults.

Impaired organs n = 26

Kidney, n (%) 18 (69)

Hypotension or shock, n (%) 16 (62)

Gastrointestinal tract, n (%) 16 (62)

Blood, n (%) 15 (58)

Liver, n (%) 12 (46)

Heart, n (%) 9 (35)

Skin, n (%) 6 (23)

Nerves, n (%) 3 (2)

T A B L E  3   Number of impaired organs and survival rate in 26 
Japanese patients with multisystem inflammatory syndrome in adults.

Number of impaired organs n = 26 Survival (%)

2 8 7/8 (88)

3 5 2/5 (40)

4 6 1/6 (17)

5 2 1/2 (50)

6 5 0/5 (0)

F I G U R E  2   Time from first symptoms of coronavirus disease (COVID-19) to multisystem inflammatory syndrome in adults (MIS-A) onset in 26 
Japanese patients.
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the data were collected only up to the point of discharge or 
transfer from each facility.

In conclusion, we showed that MIS-A can occur in 2.5% of 
critically ill COVID-19 patients requiring mechanical venti-
lation, and the mortality rate was high. Multisystem inflam-
matory syndrome in adults may be considered when there 
is a re-elevation of the unexplained inflammatory response 
and severe dysfunction of at least two extrapulmonary 
organ systems several weeks after the onset of COVID-19. 
It is important to be aware of MIS-A because the diagnosis 
of MIS-A can be missed during critical COVID-19 treat-
ment. Nonetheless, further studies of MIS-A in critically ill 
COVID-19 patients are needed.
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