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initiated in the first 2 days of admission, alone or in combination, on LOS was analyzed.
Adjustment for confounders was made by multivariable mixed regression with a ran-
dom intercept for the site.

Results: The median age of the study population was 8.8 (Interquartile range (IQR)
4.0, 13) years. 247/356 (69%) patients required intensive care unit (ICU) admission
during hospitalization. Overall hospital mortality was 2% (7/356). Of the total pa-
tients, 153 (43%) received IVIG and steroids, 33 (9%) received IVIG only, 43 (12%) re-
ceived steroids only, and 127 (36%) received neither within 2 days of admission. After
adjustment of confounders, only combination therapy showed a significant decrease
of ICU LOS by 1.6days compared to no therapy (exponentiated coefficient 0.71 [95%
confidence interval 0.51, 0.97, p = 0.03]). No significant difference was observed in
hospital LOS or the secondary outcome variable of the normalization of inflammatory
mediators by Day 3.

Conclusions: Combination therapy with IVIG and steroids initiated in the first 2 days

of admission favorably impacts ICU but not the overall hospital LOS in children with

MIS-C.

KEYWORDS

1 | INTRODUCTION

Clinicians identified Multisystem Inflammatory Syndrome in Children
(MIS-C) as a pediatric complication of Coronavirus Disease 2019
(COVID-19) early in the course of the pandemic.>? Initial reports
described MIS-C as an atypical Kawasaki's disease (KD) presenta-
tion with significant inflammation occurring several weeks after a
COVID-19 infection.® Both KD and MIS-C have been associated with
elevated levels of cytokines and immunoglobulin concentrations.*®
Children with MIS-C were also found to be at risk for coronary artery
aneurysms. Conversely, MIS-C was associated with a greater inci-
dence of gastrointestinal symptoms, shock, and coagulopathy than
described with KD.% Initial MIS-C treatment regimens were devel-
oped from those used for KD.»® Current MIS-C treatment guidelines
recommend a combination of intravenous immunoglobulin (IVIG)
and corticosteroids as first-line therapy.7'8

Several studies have compared the therapeutic effectiveness of
IVIG, steroids, or their combination in the management of MIS-C.
One study’ reported that children given IVIG and corticosteroids
were less likely to require additional treatment and had lower in-
tensive care unit (ICU) length of stay (LOS) than those treated with
IVIG alone. Another®® reported a decreased risk of cardiovascular
dysfunction and fever along with the use of fewer adjuvant agents
in patients treated with IVIG and steroids but did not identify a dif-
ference in LOS with combination therapy compared to IVIG alone.
A third study®! found no difference in the composite indicator of
the need for inotropic support or mechanical ventilation by day 2 or

later or death between patients treated with combination therapy

corticosteroids, COVID-19, IVIG, MIS-C, outcomes

compared to IVIG or steroids alone. Overall, the impact of MIS-C
treatment with IVIG and corticosteroid therapy on ICU LOS, hospital
LOS, and other outcomes is inconclusive.

The primary objective of this study was to compare the outcomes
(hospital and ICU LOS) of children admitted to the contributing sites
of the Society of Critical Care Medicine Discovery Viral Infection
and Respiratory lliness Universal study (VIRUS) COVID-19 registry
who were treated with IVIG and steroids, alone or in combination,
compared to no treatment within the first 2days of hospital admis-
sion. We hypothesized that the early initiation of the combination
of IVIG and steroids would impact the disease course leading to a
shorter LOS. Our secondary objectives were to compare the clinical
course (fever defervescence, resolution of inflammation, cardiopul-

monary support requirement) between groups.

2 | METHODS

2.1 | Database

The VIRUS registry is a multicenter, prospective, observational
study of all eligible adult and pediatric patients admitted to the hos-
pital with COVID-19.22%2 The VIRUS registry was approved by the
Mayo Clinic institutional review board, and by all the participating
sites with a waiver of informed consent. Each site collected the dei-
dentified data through manual chart abstraction or automation and
entered it in a centralized REDCap database! hosted by the Mayo
Clinic.
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2.2 | Cohort

Inclusion criteria for the VIRUS registry include all patients hospital-
ized in the participating hospitals with COVID-19-related illnesses.
Non-COVID-19-related admissions (incidental diagnosis) and re-
peat admissions were excluded. Data were extracted for all pediat-
ric patients (<18years) with COVID-19 entered in the registry who
were diagnosed with MIS-C from March 2020 to September 2021.
Patients were excluded if LOS information was missing or if they
were from outside the United States. MIS-C diagnosis was made by
the participating sites utilizing Centers for Disease Control (CDC)
criteria.” This diagnosis was not further adjudicated for this analysis.

2.3 | Exposure

The primary exposure variable was the administration of IVIG or
steroids or their combination within the first 2days of hospital ad-
mission. Patients were divided into four groups, Group A (IVIG and
steroids), Group B (IVIG only), Group C (steroids only), and Group D
(neither IVIG nor steroids). To ensure that patient allocation was lim-
ited to the information at the time of study entry,'> patients who did
not receive IVIG (N = 10) or steroids within the first 2days (N = 14)
but received either IVIG or steroids later during hospitalization were
included in the control group (Group D).

24 | Outcomes

The primary outcome variable for the analysis was the hospital and
ICU LOS (for patients admitted to the ICU). The hospital and ICU
LOS for patients who died were replaced with the 99" percentile
of hospital LOS (59days) and ICU LOS (33days).® The secondary
outcome variables included hospital mortality, nosocomial bacterial
infection (positive bacterial cultures reported on or after hospital
day 2), inotrope or ventilator requirement on or after hospital day 2
(for patients for whom inotrope/ventilator was not needed at admis-
sion), the number of days of inotropes, fever defervescence by day
3 (for patients who had fever on admission), and the day of normali-
zation of inflammatory mediators (for patients who had abnormal
inflammatory mediators including white cell count, platelet count,
C-reactive protein, procalcitonin, and ferritin on admission).

2.5 | Other measured variables and confounders

Data were extracted and standardized from the VIRUS registry in
the following manner. Age was stratified into discrete categories:
neonate (<28days), infant (>28days to <2years), child (22years to
<12vyears), and adolescents (212years).)” The patient's weight and
height were used to calculate Body Mass Index (BMI). BMI percen-
tiles were calculated using CDC criteria for 22years, and weight
for height percentiles using the World Health Organization (WHO)

criteria for <2years of age.!® The percentiles were calculated
using respective SAS codes and categorized as underweight, nor-
mal weight, overweight, and obese per previously reported stand-
ards.” Since the obesity comorbidity variable acted as a proxy for
the missing BMI, a composite variable (obesity as diagnosed with
BMI or comorbidity diagnosed by a physician) was used for analysis.
Race and ethnicity were self-reported separately and included in the
analysis as a socioeconomic variable for disease outcome.?° These
were later categorized as composite index as non-Hispanic white,
non-Hispanic black, non-Hispanic Asian, non-Hispanic others, and
Hispanic per the current CDC reporting on race/ethnicity disparities
on COVID-19.2

Inotrope/vasopressor support included patients who received
any predefined inotrope/vasopressor on any hospital day from
day O to 14. Pediatric Risk of Mortality Il (PRISM l1) score?? was
determined using the online calculator if the summative score was
not already entered by the individual site.?® Patients' temperature
was entered into the REDCap database on days 0-3, 7, 14, and 21.
All temperature values were converted to degrees Centigrade (°C).
Fever was considered as present if the temperature at any time
during the day was greater than 38°C. We utilized the previously
published WHO ordinal scale, which measures illness severity from
COVID-19 over time, to stratify patients based on the degree of re-
spiratory and hemodynamic support at hospital admission.?* The
WHO ordinal scale ranges from zero (no clinical or laboratory evi-
dence of infection) to eight (death). A score of three indicates hos-
pitalization without oxygen and a score of four indicates oxygen via
mask or nasal cannula. Scores of 5, 6, and 7 represent increasing
degrees of respiratory/hemodynamic support.?* Besides IVIG and
steroids, other medication use assessed for this study included rem-
desivir, hydroxychloroquine, azithromycin, therapeutic anticoagula-
tion, vitamin C, vitamin D, zinc, aspirin, convalescent plasma, and
biological agents. For descriptive analysis, medication was counted
as administered if given on any day of hospitalization for which data
were available in the VIRUS registry (days 0-14, 21, or 28).

Inflammatory and other laboratory values were reviewed man-
ually and converted into standard units. The VIRUS database al-
lows daily lab entries for days 0-3, 7, 14, and 21. For this analysis,
the following inflammatory and other laboratory parameters were
assessed: white cell count, platelet count, C-reactive protein, pro-
calcitonin, ferritin, serum glutamic oxaloacetic transaminase, serum
glutamic pyruvic transaminase, serum albumin, interleukin-6, brain
natriuretic peptide, pro-brain natriuretic peptide, fibrinogen, D-
dimer, and lactate dehydrogenase. Maximum serum creatinine on
days 1, 2, 3, 7, 14, and 21 was also obtained and was then cate-
gorized as normal and abnormal based on standard cutoff levels.?®
Estimated glomerular filtration rate (eGFR) was calculated utilizing
the modified Schwartz equation,?® and the Pediatric Risk, Injury,
Failure, Loss, End-stage renal disease (P-RIFLE) score was calcu-
lated (lowest eGFR on day 0/1 was considered baseline).?’” Patients
with evidence of other respiratory viral infections were categorized
as "viral coinfection." Patients with concurrent blood, urine, and

bacterial respiratory infections were combined into categories of
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"bacterial coinfection." Critical illness was defined as a composite
index of in-hospital mortality and organ support requirements as

described previously by our group.28

2.6 | Missing data analysis

There were no missing data on age, race, or mortality. There was a
high degree of missingness of the inflammatory mediators' variables.
The missingness rate for these variables ranged from 35% (platelets)
to 86% (interleukin-6). A total of 49 (19.8%) of patients admitted to
ICU were missing the PRISM Il score. The R package mice was used
to impute missing PRISM Il scores using multiple imputations. Both
values from complete case analysis and imputed PRISM Il scores
(Appendix S5) are presented. Up to 25 (7.0%) patients were missing
obesity classification based on BMI/WHO criteria. Whether or not
the patient was missing BMI was associated with obesity diagno-
sis as a comorbidity (fewer patients with obesity comorbidity were
missing BMI [1/22, 4.6%] than patients who did not have obesity di-
agnosis as a comorbidity [24/334, 7.2%]). The obesity by comorbid-
ity variable served as a surrogate for BMI, and a composite category
of obesity (yes/no) was created (with preference to obesity by BMI).
The remaining variables' missingness is reported as absolute num-
bers and percentages wherever applicable.

2.7 | Statistical analysis

Standard descriptive and comparative analysis was performed using
the non-parametric Kruskal-Wallis test for the four Group com-
parison of continuous variables and chi-squared/Fisher's exact test
for categorical variables as appropriate. Values are represented as
median (interquartile range [IQR]) or frequency (percentage). Mixed
linear regression with a random intercept for the site was performed
for log-transformed hospital and ICU LOS. Parameter estimates and
95% confidence intervals (Cl) were exponentiated. Other than the
primary independent variable (steroid and IVIG and their combi-
nation versus none), other variables were selected based on prior
evidence, expert knowledge,29 or the potential impact on LOS (and
illness severity) of patients admitted to the pediatric ICU and more
specifically for COVID-19 related illness.?®%C The variables included
age (in years), the number of abnormal inflammatory mediators on
admission, race (dichotomized as non-Hispanic white versus not), a
composite variable of obesity and any comorbidity, a composite vari-
able of bacterial or viral coinfection at admission, and a composite
variable of WHO ordinal scale 24 on admission or ICU admission
within <2days. Collinearity was assessed using the variance infla-
tion factor.

Mixed logistic regression was performed for the secondary
outcome variable with enough sample size to conduct multivari-
able regression (normalization of inflammatory mediators by Day
3) using the same covariates. For other secondary outcomes, anal-
ysis was restricted to unadjusted comparisons. Statistical analysis

All patients in VIRUS Registry
(03/2020-09/2021) N = 65,000

Children hospitalized with
COVID 19 (<18 years)
N= 1627

Diagnosed as Multisystem
Inflammatory syndrome in
children (MIS-C)
N=409

Excluded
Missing Hospital LOS 7
Non-US sites 46

Patients included in the
analysis N=356

l l l l

IVIG + IVIG within Steroids None within
Steroids <2 days within < 2 <2 days
within <2 N=33 days N=127
days (9.3%) N=43 (35.7%)
N=153 (12.1%)
(43%)

FIGURE 1 Flow diagram of children included in MIS-C treatment
analysis. Abbreviations: COVID-19, Coronavirus Disease 2019;
IVIG, intravenous immunoglobulin; LOS, length of stay; US, United
States; VIRUS, viral infection and respiratory illness universal study

was performed using JMP Pro v16.0 (SAS Institute, Cary, NC) and
open-source statistical program R (v 4.0.1) with a 2-sided alternative
hypothesis at a significance level of 5% (x=0.05). This study report-
ing conforms to the Strengthening The Reporting of Observational
Studies in Epidemiology (STROBE) statement.*

3 | RESULTS

Out of the 1627 children who entered in the VIRUS registry from
March 2020 to September 2021, 409 were hospitalized with MIS-
C. Seven (1.7%) patients were excluded for missing hospital LOS,
and a total of 46 patients from non-U.S. sites were also excluded.
Data from 356 patients were included in the analysis. Within the
first 2days of admission, 153 (42.9%) received both IVIG and ster-
oids (Group A), 33 (9.2%) received only IVIG (Group B), 43 (12.1%)
received only steroids (Group C), and 127 (35.6%) received neither
IVIG nor steroids (Group D) (Figure 1).

3.1 | Demographic comparison

The median age of the study population was 8.8 (IQR 4, 13) years.
There was no difference in the median age in the four groups; how-
ever, the proportion of patients in the different age categories
was significantly different. Only 4.6% (7/153) of the patients were
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infants in Group A compared to 23.6% (30/127) of patients in Group
D (p<0.001). There was no significant difference in the racial dis-
tribution or proportion of patients with obesity in the four groups.
Overall, 69% (247/356) of patients required ICU admission during
their hospitalization. The proportion of patients requiring ICU ad-
mission was different among the four groups, with the highest
rate in Group C (90.7% [39/43]) and the lowest in Group B (51.5%
[17/33]) (p<0.001). There was also a significant difference in the
proportion of patients with critical illness and in the distribution of
the admission WHO ordinal scale, with overall lower severity of ill-
ness and respiratory support in Group D. The proportion of patients
with abnormal inflammatory mediators on admission was highest in
Group A (85% [130/153]) and lowest in Group D (38.6% [49/127])
(p<0.001). There was no difference in the proportion of patients
with bacterial or viral coinfection. Group A had the lowest propor-
tion of patients with positive SARS-CoV-2 PCR (81/153, 53%) but
the highest proportion of patients with positive antibodies (137/146,
93.8%) (p = 0.001 and 0.003, respectively). (Table 1) Summary sta-
tistics (median, IQR) of the laboratory parameters and the propor-
tion of abnormal laboratory parameters assessed in the study are

provided in supplemental digital content (Appendix S4).

3.2 | Hospital management and outcomes

About 60% (210/356) of all patients required respiratory support
during admission, with the highest proportion in Group C (72.1%,
31/43) and lowest in Group B (39.4%, 13/33) (p = 0.005). A higher
proportion of patients in Group C also required high-flow nasal can-
nula and invasive mechanical ventilation. Inotrope requirement was
highest in Group A (47.1%, 72/153) and lowest in Group D (20.5%,
26/127) (p<0.001). There was also a significant difference in the
proportion of patients receiving various therapeutic agents. Group C
had the highest proportion of patients receiving remdesivir (18.6%),
azithromycin (21%), therapeutic anticoagulation (30.2%), vitamin
C (6.9%), vitamin D (9.3%), and zinc (6.9%). In comparison, a higher
proportion of patients in Group A were prescribed aspirin (69.3%)
or biological agents (18.9%). Overall median high-flow nasal can-
nula duration was 1.9 (IQR 0.6, 2.9) days, with the lowest duration in
Group A and highest in Group D (p = 0.02). There was no difference
in noninvasive or invasive mechanical ventilation duration among
the four groups. The overall median hospital LOS was 5.7 (IQR 3.8,
8.4) days and was highest in Group C at 7 (IQR 5, 11.1) days and low-
est in Group D at 5.0 (IQR 3, 8) days (p = 0.04). The overall median
ICU LOS was 3.8 (IQR 2.3, 6.5) days and was not different across the
four groups (Table 2).

3.3 | Primary outcome variables

On mixed linear regression of hospital LOS, no significant difference
was observed between the hospital LOS among the four groups
after adjusting for confounding variables as described previously.

Variables of the higher number of abnormal inflammatory media-
tors, obesity or comorbidity, and patients with a WHO ordinal scale
24 or ICU admission within the first 2days had a longer hospital stay.
(Table 3) The geometric mean hospital LOS of Group A was 5.4 (95%
Cl 4.5-6.6) days compared to 6.2 (95% Cl 5.2-7.5) days of Group D,
with a mean difference of -0.8days (p = 0.19, Table 4).

Combined therapy with IVIG and steroids was associated with
a significantly shorter ICU LOS compared to patients that re-
ceived neither (exponentiated coefficient 0.71 [95% Cl 0.51, 0.97],
p = 0.03). The geometric mean ICU LOS of Group A was 3.8 (95%
Cl 3.0-4.9) days compared to 5.4 (95% ClI 4.0-7.3) days for Group D
with a mean difference of -1.6days (p = 0.03, Table 4). Among the
confounding variables included in the model, only PRISM lll score
and WHO ordinal scale 24 at admission were associated with lon-
ger ICU LOS. (Tables 3 and 4) Linear regression of ICU LOS using
imputed PRISM Il scores (for patients with missing values) showed
similar results (Appendix S5).

3.4 | Secondary outcome variables

On unadjusted comparison, there was no significant difference be-
tween the four groups in the number of days on inotropes or ventila-
tor requirement after day 1. The incidence of nosocomial bacterial
infection, inotrope requirement after admission, and fever defer-
vescence by day 3, differed significantly between groups, with the
highest proportions in Group C(2/43, 4.6%; 5/43, 11.6%; and 27/28,
96.4%, respectively). Significant differences were also observed in
the proportion of patients who had normalization of their inflam-
matory mediators by day 3. (Appendix S1) Multivariable logistic
regression could only be conducted for inflammatory mediator nor-
malization and did not show a significant difference between the
four groups after adjustment of confounding variables (Appendix
S2).

4 | DISCUSSION

This VIRUS: COVID-19 registry analysis of children admitted with
MIS-C in 28 U.S. hospitals has shown that combination therapy of
IVIG and steroids within the first 2days of admission does not im-
pact hospital LOS but is associated with significantly shorter ICU
LOS when compared to no treatment. No difference was identified
in either hospital or ICU LOS when comparing individual agents to
no treatment. To our knowledge, this is the first study to identify an
impact of IVIG and corticosteroid combination therapy on hospital
or ICU LOS when comparing across a variety of treatment options.
Our study identified a statistically significant adjusted ef-
fect size of 1.6-day decrease in ICU LOS with combination ther-
apy within the first 2days of admission. Although earlier studies
have assessed disease progression or recovery markers, the pri-
mary outcome variables in this analysis were the hospital and ICU
LOS. These outcomes were selected because they are reliably
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TABLE 1 Demographics of patients diagnosed with multisystem inflammatory syndrome in children (MIS-C)

Group A Group C
Total Cohort IVIG + Steroid Group B IVIG Steroid Group D

Category Subcategory N =356 N =153 N =33 N =43 None N =127 p-Value
Age (years) 8.8 (4.0, 13) 8.9 (5.5,12.0) 5.5(3.4,11) 10 (5.3, 15) 9(1.7,14.1) 0.29
Age categories® Neonate 5(1.4%) 1(0.6%) 0 (0%) 0 (0%) 4 (3.2%) <0.001

Infant 45 (12.6%) 7 (4.6%) 4(12.1%) 4(9.3%) 30 (23.6%)

Child 187 (52.5%) 104 (67.9%) 21 (63.6%) 21 (48.8%) 41 (32.3%)

Adolescent 119 (33.4%) 41 (26.8%) 8(24.2%) 18 (41.8%) 52 (40.9%)
Sex Male 210 (58.9%) 101 (66.0%) 19 (57.6%) 22 (51.2%) 68 (53.5%) 0.12
Race® White 104 (29.2%) 45 (29.4%) 8 (24.2%) 13 (30.2%) 38(29.9%) 0.24

Black 115 (32.3%) 56 (36.6%) 7 (21.2%) 14 (32.6%) 38 (29.9%)

Asian 6(1.6%) 4 (2.6%) 1(3.0%) 0 (0%) 1(0.8%)

Other 42 (11.7%) 12 (7.8%) 3(9.1%) 8(18.6%) 19 (14.9%)

Hispanic 89 (25.0%) 36 (23.5%) 14 (42.4%) 8(18.8%) 31 (24.4%)
Obesity® Yes 112 (31.4%) 45 (29.4%) 11 (33.3%) 19 (44.2%) 37 (29.1%) 0.27
Admit to ICU¢ Yes 247 (69.3%) 116 (75.8%) 17 (51.5%) 39 (90.7%) 75 (59.1%) <0.001
Critical lliness® Yes 146 (41.0%) 76 (49.6%) 10 (30.3%) 22 (51.2%) 38(29.9%) 0.002
WHO ordinal scalef Three 240 (57.4%) 91 (59.5%) 25 (25.7%) 17 (39.5%) 107 (84.3%) <0.001

Four 47 (13.2%) 23 (15.0%) 6(18.2%) 8(18.8%) 10 (7.9%)

Five 37 (10.3%) 20 (13.1%) 1(3.0%) 10 (23.2%) 6 (4.7%)

Six 10 (2.8%) 2 (1.3%) 1(3.0%) 4 (9.3%) 3(2.4%)

Seven 22 (6.1%) 17 (11.1%) 0 (0%) 4(9.3%) 1(0.8%)
Abnormal inflammatory  Yes 235 (66.0%) 130 (84.9%) 26 (78.8%) 30 (69.7%) 49 (38.6%) <0.001

mediators®

>3 Signs or symptoms Yes 326 (91.5%) 151 (98.7%) 32(96.9%) 36 (83.7%) 107 (84.3%) <0.001
Comorbidities Yes 114 (32.0%) 43(28.1%) 7(21.2%) 23 (53.4%) 41 (32.3%) 0.007
Viral coinfection Yes 13 (3.6%) 5(3.3%) 2(6.1%) 0 (0%) 6 (4.7%) 0.44
Bacterial coinfection Yes 39 (10.9%) 15 (9.8%) 0 (0%) 5(11.6%) 19 (14.9%) 0.09
SARS-CoV-2 PCR Positive 229 (64.3%) 81 (52.9%) 24(72.7%) 33 (76.7%) 91 (71.6%) 0.001
SARS-CoV-2 IgG Positive 245/278 (88.1%)  137/146 (93.8%) 26/28(92.8%)  16/20 (80%) 66/84(78.6%)  0.003

Note: Values represent median (interquartile range) or frequency (percentage) as appropriate.

Neonate (<28days); Infant (>28 days to <2years); Child (>2years to 12years); Adolescent (>12years).

®Non-Hispanic White, non-Hispanic Black, non-Hispanic Asian, non-Hispanic Other.

“By BMI or obesity listed as comorbidity.

dAt any time during hospitalization.

Critical disease represents invasive respiratory support (ventilator, nitric oxide) or invasive hemodynamic support (inotropes/vasopressors/ECMO)
or invasive renal support (dialysis) or hospital mortality.

fhospitalized, no oxygen therapy (3), oxygen by mass or nasal prongs (4), non-invasive ventilation or high flow oxygen (5), intubation and mechanical
ventilation (6), ventilation and additional organ support including pressers, renal replacement, or ECMO (7).

8High or low (leukocyte count, platelets, and fibrinogen), high (CRP, pro calcitonin, ferritin, interleukin, d-dimer), low (serum albumin) on day 0/1 of
admission.

available in all patients and are expected to be impacted by the
disease course, thus providing a reliable outcome measure. Even
though hospital LOS was not directly assessed in prior studies,
the ICU LOS reported herein aligned with the previous reports.’
We used regression models to adjust for confounding factors that
may affect LOS in patients with MIS-C; however, LOS is impacted
by social factors, insurance coverage, and hospital resources. It

is possible that these influenced the hospital LOS more than ICU

LOS, which may have prevented us from observing a statistically
significant difference in hospital LOS.

The Best Available Treatment Study previously compared out-
comes based on treatment with IVIG, steroid, or their combination.!!
However, their primary outcome was a difference in a composite
outcome of inotropic support, mechanical ventilation, or reduction
in disease severity. They did not identify a significant benefit with

combination therapy compared to IVIG alone. The difference in
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Exp
Variable coef Exp 95% ClI
Hospital Length of Stay
IVIG + Steroids (within <2 days) vs none 0.87 0.71, 1.07
IVIG (within <2days) vs none 0.99 0.75,1.31
Steroids (within <2days) vs none 1.07 0.83,1.39
Age (Years) 1.01 1.00,1.03
Number of abnormal inflammatory 1.07 1.03,1.10
mediators
Non-Hispanic White vs not 1.03 0.87,1.21
Obesity +Any comorbidity (yes) 1.32 1.14,1.54
Bacterial or viral coinfection (yes) 1.26 1.00, 1.59
WHO >=4 or ICU admission (<2 days) 1.50 1.27,1.76
ICU Length of Stay
IVIG + Steroids (within <2 days) vs none 0.71 0.51,0.97
IVIG (within <2days) vs none 0.82 0.51,1.33
Steroids (within <2days) vs none 0.84 0.57,1.24
Age (Years) 1.02 1.00, 1.04
Number of abnormal inflammatory 0.99 0.93,1.05
mediators
Non-Hispanic white vs not 0.91 0.70,1.19
Obesity +Any comorbidity (yes) 1.21 0.96, 1.52
Bacterial or viral coinfection (yes) 1.13 0.79, 1.61
PRISM Il score 1.04 1.01, 1.06
WHO >=4 1.44 1.09, 1.89

TABLE 3 Regression analysis of

p-Value :art hospital and ICU length of stay
0.19 0.072
0.94 0.004
0.61 0.027
0.07 0.095
<0.001 0.203
0.74 0.017
<0.001 0.187
0.05 0.103
<0.001 0.245
0.03 0.151
0.43 0.055
0.38 0.063
0.11 0.111
0.67 0.034
0.49 0.049
0.12 0.110
0.51 0.047
0.004 0.211
0.010 0.183

Note: Hospital and ICU LOS were log-transformed. Exponentiated (Exp) Coefficients and 95%

Confidence Intervals are shown.

TABLE 4 Adjusted length of stay of MIS-C treatment regimens

Group A
(IVIG + Steroid)
Hospital length of stay in days, geometric 5.4 (4.5, 6.6)
mean (95% Cl)
Difference in hospital length of stay from -0.8
control in days p=0.19
ICU length of stay in days, geometric mean 3.8(3.0,4.9)
(95% CI)
Difference in ICU length of stay from control -1.6
in days p=0.03

Group D
Group B (IVIG) Group C (Steroid) (None)
6.2(4.7,8.2) 6.7 (5.1, 8.6) 6.2(5.2,7.5)
0.0 0.5 NA
p=0.94 p=0.61
4.5(2.8,7.0) 4.6 (3.2, 6.5) 5.4(4.0,7.3)
-0.9 -0.8 NA
p=043 p=0.38

Note: Hospital LOS, adjusted for age, number of abnormal inflammatory mediators, race (non-Hispanic white versus not), comorbidity (including
obesity), bacterial or viral coinfection, and ICU admission (<2 days) or WHO ordinal scale >4 on admission. ICU LOS includes PRISM and the WHO
scale/ICU admission variable is replaced by WHO ordinal scale 24 on admission only.

outcomes between studies may be explained by 1) comparison of
combination therapy to IVIG monotherapy versus neither IVIG nor
steroids, 2) MIS-C diagnosis based on WHO versus CDC criteria, and
3) variations in patient populations. Although the VIRUS: COVID-19
registry has international patients, these children were excluded
because of the potential variability in diagnostic criteria of MIS-C
outside the United States.

Treatment of MIS-C could have varied between institu-
tions, clinicians, and over time. The current American College of
Rheumatology guidance for MIS-C recommends IVIG and corti-
costeroids. Treatment recommendations have changed through-
out the pandemic and require individualization to each patient.®3?
Moreover, diagnosis of MIS-C may be difficult given the ambigu-

ity of presentation and the rare nature of the disease. Research
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suggests the potential for phenotypic variation in MIS-C.%°
Phenotypic variations could result in differences in presentation,
inflammatory response, and disease progression. Differences be-
tween the four groups in this study may reflect the variability in
MIS-C natural history or management. Infants were more heavily
represented in Group D than Group A. This may be because MIS-C

d%* and noted to be more common in older chil-

was first describe
dren and adolescents,®® potentially leading to more conserva-
tive management in the infant population. The cohort that was
not treated generally had lower severity of illness metrics than
the other groups, which may reflect selection bias or confound-
ing. Age may play a role, as COVID-19 infection and sequelae have
been less severe in younger patients.3¢

Many patients have an overlap in management between MIS-C
and acute COVID-19. As noted, acute COVID therapy was more
utilized in Group C, possibly because these patients were thought
to have acute COVID-19 and yet met MIS-C criteria. In ambigu-
ous patients, it is possible that prescribers are less likely to use
IVIG, but more comfortable using corticosteroids, which can treat
both conditions. Patients in Group C had higher rates of high flow
nasal cannula and invasive ventilation than other groups suggest-
ing respiratory involvement more typical of non-MIS-C COVID-19.
Group C patients also had a higher likelihood of being SARS-CoV-2
PCR positive and a lower likelihood of being SARS-CoV-2 IgG posi-
tive, especially when compared to Group A. The idea that Group C
had a higher percentage of MIS-C and acute COVID-19 overlap pa-
tients could be a confounder and may partially explain this group's
longer LOS, increased ICU admission rate, and a higher need for
respiratory support.

There were several limitations in this retrospective registry
analysis. The exposure was categorized into four groups; however,
the number of patients in Groups B and C was small, potentially af-
fecting the model's validity. The four groups had significant demo-
graphic and therapeutic variations that might reflect their different
phenotypic presentations and independently impact their hospital
and ICU LOS. Because of overall low numbers of other therapeutic
agents, their use could not be included in the model; in particular,
biological agents were utilized in 18.9% of patients in Group A com-
pared to only 2.3% in Group D, and the results were not adjusted
for the impact of biological agents. The dose/duration of IVIG and
type/dose of steroids were not available, and their differences may
have impacted outcomes. Additionally, 24 children received either
IVIG or steroids after the first 2days (the study inclusion period for
exposure). This intervention could have resulted in disease improve-
ment and impacted the LOS in the control group. The dataset had a
high proportion of missing data in the laboratory values of inflam-
matory mediators. In a deidentified retrospective registry analysis,
it is not possible to determine if these values were not obtained or
not entered in the registry. Similarly, even with robust measures for
data quality, data entry error is always a possibility with voluntary

registries.

5 | CONCLUSION

Combination therapy of IVIG and steroids early during hospitaliza-
tion with MIS-C leads to a shorter ICU length of stay. Treatment in
the first 48 hours of admission with IVIG or steroids alone may not
be as efficacious.
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