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The severe acute

respiratory syndrome
coronavirus 2 (SARS-CoV-2), which emerged in
early 2020, caused a health crisis characterized
by hyperinflammation symptoms and toxic
shock syndrome, such as Kawasaki disease in

ABSTRACT

Objectives: This study aimed to evaluate the diagnostic tests and treatments applied in patients with
multisystem inflammatory syndrome in children (MIS-C) and to determine the effect of the disease
on health costs.

Patients and methods: This retrospective cohort study included 59 MIS-C patients (40 males,
19 females; mean age: 7.7+4.2 years; range, 4 months to 16.5 years) who were admitted and treated
between April 1,2020, and November 1,2021. Demographic and clinical features with hospital costs
and length of stay were retrospectively reviewed from the medical files and computerized system
of the hospital. Direct medical care costs of items were calculated with the hospital perspective
using a combination of microcosting technique (resource-based accounting method) and hospital
list data. Cases were classified as mild, moderate, or severe, and the patients were divided into
two groups: the mild group and the moderate-severe group. Classification was determined by the
vasoactive inotropic score (VIS), degree of respiratory support, and evidence of organ damage.
Results: The mean age of the cases in the mild group was 6.5+3.7 years, and the mean age
of the cases in the moderate-severe group was 9.2+4.3 years. Of 59 patients, 19 (32.2%) were
followed up in the pediatric intensive care unit. The median duration of hospitalization in the
hospital was 8 (interquartile range: 7-12) days. The total cost of the patients hospitalized with the
diagnosis of MIS-C during the study period was 849,242.93$, and the mean cost per patient was
14,393.94+9,631.928. In the distribution of the total cost of hospitalization according to expenses,
the highest rate was pharmacy and blood products (51.99%) and IVIG costs (43.99%). While the
mean total cost per person was 13,682.87+8,799.63$ in mild cases, it was 16,433.82+9,440.02$ in
moderate-severe cases, and no statistically significant relationship was found between the two
groups (p>0.05). There was no difference in the mean cost per patient between the cases with and
without heart, lung, kidney, or neurologic involvement and advanced respiratory support (p>0.05).
There was a strong positive correlation between the total costs and age (r=0.883, n=59, p<0.0001),
with increased amount of costs with increased age.

Conclusion: In the study, no statistically significant correlation was found between the total cost of
per person in the mild group and the moderate-severe group (p>0.05). This finding may be due to the
wide use of IVIG in MIS-C treatment, in addition to low transfer rates to pediatric intensive care units
due to high-flow nasal cannula usage.

Keywords: COVID-19, cost analysis, intravenous immunoglobulin.

children, about a year later.! The disease called
multisystem inflammatory syndrome in children
(MIS-C) is associated with a poor clinical course
with cardiovascular findings, particularly severe
circulatory failure requiring intensive care and
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Burden of MIS-C on health economics

myocardial involvement and the presence of
organ dysfunctions.?® The treatment modalities of
MIS-C are mainly based on Kawasaki disease and
treatment experience from coronavirus disease
2019 (COVID-19) in adults experiencing cytokine
storms. Intravenous immunoglobulin (IVIG) and
corticosteroids are used, and advanced treatment
protocols, including tumor necrosis factor and
interleukin-1 inhibitors and plasmapheresis, are
applied in unresponsive cases.®!3

The  multidisciplinary  approach  and
advanced treatment support required in the
management of the disease, which can progress
with involvement of many organs, such as the
pulmonary, hematological, cardiovascular, renal,
and gastrointestinal systems, bring high treatment
costs.* Due to the technological developments in
the field of medicine, the prolongation of people's
life spans and the high drug prices, it is important
to correctly use economic resources, and limited
resources should be exhausted in the most efficient
way.'>® Demonstration of value has become
increasingly important in the current healthcare
system.!” Knowing health cost analyses with cost
distributions provides doctors and managers with
a systematic and objective perspective in terms of
creating alternative healthcare strategies. Hence,
this study aimed to evaluate the diagnostic tests
and treatments applied in patients with MIS-C
and to determine the effect of the disease on
health costs.

PATIENTS AND METHODS

This retrospective cohort study was conducted
with 59 MIS-C patients (40 males, 19 females;
mean age: 7.7+4.2 years; range, 4 months to
16.5 years) at the Health of Sciences Faculty
of Medicine Dr. Behcet Uz Children's Hospital
between April 1, 2020, and November 1, 2021.
The hospital is a referral center for pediatric
patients in the Aegean region of Tiirkiye. The
study included all children with MIS-C identified
according to the Centers for Disease Control and
Prevention guidelines.!® Patient information was
collected using patient files and an electronic
record system. Definitive diagnostic criteria are
<21 years of age, prolonged fever, elevated
inflammatory biomarkers, evidence of clinically
severe disease requiring hospitalization, multiple

n

system (>2) organ involvement (cardiac, renal,
respiratory, hematological, gastrointestinal,
dermatological, or neurological), evidence
of exposure to SARS-CoV-2, and exclusion
of other possible diagnoses.”'® Exposure to
SARS-CoV-2 was assessed in all patients via
nasopharyngeal real-time reverse transcription
polymerase chain reaction (RT-PCR) analysis
or a SARS-CoV-2 antibody test. Exposure
to a suspected or confirmed COVID-19 case
within four weeks before the onset of clinical
manifestations was also recorded.'® The exclusion
of other diagnoses was performed using several
microbiological and molecular diagnostic tests,
including multiplex polymerase chain reaction
tests for common respiratory pathogens,
rapid antigen tests for influenza, serological
tests for the Epstein-Barr virus, conventional
culture tests, including blood culture and
throat culture, in addition to peripheral smears
and ultrasonography. Sex, age, symptoms at
admission, duration of fever, length of hospital
stay, intensive care/service follow-up, organ
system involvement, examination and laboratory
findings, imaging methods, advanced treatment
(variables of inotropic drugs, thrombolytic
therapy, anticoagulants, antiplatelet agents,
biological agent administration, and
dialysis-plasmapheresis-transfusion) and
respiratory support (>30% oxygen, noninvasive
mechanical ventilation, and invasive mechanical
ventilation) were investigated. Cases were
classified as mild, moderate, or severe, and
the patients were divided into two groups: the
mild group and the moderate-severe group.
Classification was determined by the vasoactive
inotropic score (VIS), degree of respiratory
support, and evidence of organ damage.?
Mild cases had no vasoactive requirement,
minimal respiratory support, or minimal signs
of organ damage. In moderate cases, there was
a VIS of <10, significant supplemental oxygen
requirement, or mild or isolated organ injury.
In severe cases, there was moderate or severe
organ damage, including a VIS >10, noninvasive
or invasive ventilation support, or moderate to
severe ventricular dysfunction.??

Cost analysis

Demographic and clinical features with hospital
costs and length of stay were retrospectively
reviewed from the medical files and computerized
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system of the hospital. Direct medical care
costs items were calculated from the hospital
perspective using a combination of microcosting
technique (resource-based accounting method)
and hospital list data. The direct medical costs
mainly included charges for inpatient, laboratory,
imaging, antimicrobial drugs, consultations, IVIG
costs, and transfusion costs. Attributable length
of stay for hospital admission was considered as
the span of days for the treatment of MIS-C and
its complication if happened. The investigators
recorded the costs initially in Turkish lira (TL) and
converted them to US dollars ($) according to the
average TL to US dollars exchange rate between
April 1, 2020, and April 1, 2022 (1$=7.7784 TL).
During the study, we applied equal discounting
of costs and health effects, which was supported
by Weinstein and Stason’s?! consistency thesis
and the “time neutrality” by Lipscomb et al.??
The costs were directly obtained from billing the
information sent to the social security system.

Statistical analysis

Descriptive analysis of the data was
carried out using IBM SPPS version 22.0
(IBM Corp., Armonk, NY, USA). Categorical
variables were compared using Fisher exact and
Pearson’s chi-square test. The Mann-Whitney U
test or the t-test was used to compare numerical
variables depending on whether they showed
normal distribution. Categorical wvariables
were given as frequencies and percentages,
whereas continuous variables were shown
as means = standard deviation (SD). The
relationship between total costs (as measured
by $) and age (years) was investigated using the
Spearman correlation coefficient. Preliminary
analyses were performed to ensure no violation
of the assumptions of normality, linearity and
homoscedasticity.

RESULTS

Forty-six (78%) of the patients were
previously healthy. Among 59 patients with
MIS-C, five (8.5%) had positive RT-PCR results
for SARS-CoV-2. The history of contact with a
COVID-19 case was detected in 54.2% of MIS-C
cases (n=32). Forty-eight (81.4%) patients tested
positive for COVID-19 immunoglobulin G, and
four (6.8%) patients tested positive for COVID-19
immunoglobulin M (Table 1).
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The rate of fever, hypotension,
tachycardia, and other symptoms of the
patients with MIS-C

The fever was present in all the patients
and the median fever duration was 5
(interquartile range [IQR]: 4-7) days. The
most common involved organ system was
the gastrointestinal system (n=41, 69.5%) and
mucocutaneous symptoms (n=37, 62.7%). The
symptoms and involved organ systems of the
patients are summarized in Table 1. Among the
patients, 20.3% (n=12) had hypotension, and
22.1% (n=16) of the patients had tachycardia.
The symptoms of the patients were summarized
in Table 1. Eight (13.6%) patients had
difficulty breathing. Chest radiography showed
infiltration/opacity in the lung parenchyma
in 15 (25.4%) patients and pleural effusion in
seven (11.9%) patients. Cardiovascular system
involvement was observed in all patients with
pleural effusion on chest X-ray (p<0.05).
Systolic dysfunction was seen in 11 (18.8%)
patients. Coronary artery involvement was
seen in two (3.4%) patients. Pericardial effusion
was present in three (5.1%) patients. Anemia
(30.5%), neutrophilia (40.7%), lymphopenia
(61%), and thrombocytopenia (35.6%) were seen
in laboratory parameters. There were significant
elevations in acute phase values, such as
C-reactive protein (96.6%), ferritin (67.8%),
fibrinogen (88.1%), and D-dimer (76.3%).
Troponin I was elevated in 27.1% of patients.
The ratio of positive laboratory findings of the
MIS-C patients are reviewed in Table 2.

Thirty-three (55.9%) cases were mild,
26 (44.1%) cases were moderate-severe. There
was a statistically significant relationship
between the age of the cases and the severity of
the disease (p<0.05). The mean age of the cases
in the mild group was 6.5+3.7 years, and the
mean age of the cases in the moderate-severe
group was 9.2+4.3 years.

Treatment modalities

The most common treatment was IVIG,
which was given to 57 (96.6%) patients in
this study. A corticosteroid was added to the
treatment of 26 (44.1%) patients. Low molecular
weight heparin was administered to 35 (59.3%)
patients, and acetylsalicylic acid was given to
33 (55.9%) patients. IVIG + corticosteroid
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Table 1. Demographic, clinical, laboratory and treatment characteristics of children with MISC
n % Mean+SD Median IQR
Demographic characteristics
Age (year) 7.7+4.2
Sex
Male 40 67.8
Comorbidity 13 22
Days in PICU 4.05+1.80
Death 0 0
Clinical characteristics
Fever 59 100
Days of fever 5 4-7
Respiratory 271
Cough 7 119
Respiratory distress 8 13.6
Hematological 83.1
Elevated D-dimer 45 76.3
Anemia 18 39.5
Thrombocytopenia 21 35.6
Lymphopenia 36 61
Gastrointestinal 69.5
Vomiting 29 49.2
Diarrhea 20 339
Abdominal pain 15 254
Skin and mucous membranes 62.7
Rash 27 45.8
Edema of the extremities 5 8.5
Periungual desquamation 6 10.2
Conjunctival injection 29 49.2
Neurological disorders 15.3
Headache B 8.5
Neurocognitive disorders 6 10.2
Other
Cervical lymphadenopathy 9 15.3
Renal 35.6
Acute kidney injury 21 35.6
Cardiovascular 67.8
Chest pain 4 6.8
Shock 20 339
Hypotension 12 20.3
Tachycardia 16 271
Systolic dysfunction 11 18.8
Coronary artery dilatation or aneurysm 2 34
Mitral regurgitation 28 47.5
Aortic regurgitation 5 8.5
Pericardial effusion 3 51
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Table 1. Continued
n % Mean+SD Median IQR

SARS-COV-2 labs 59 100
Positive PCR 5 8.5
Positive serology

IgM 4 6.8

IaG 48 81.4
Treatment
Immunoglobulin 57 96.6
Steroids 26 44.1
Antiplatelet drugs 35 59.3
Anticoagulants 33 55.9
Antivirals 2 3.5
Vasoactive drugs 16 271
Respiratory support 14 23.7
Oxygen with mask >30% 4 6.8
HFENC 6 10.2
NIMV 4 6.8
IMV 0 0
Dialysis (RRT) 1 1.7
Severity score
Mild 33 55.9
Moderate-Severe 26 441
MISC: Multisystem inflammatory syndrome in children; SD: Standard deviation; IQR: Interquartile range; PICU: Pediatric
intensive care unit; SARS-COV-2: Severe acute respiratory syndrome coronavirus 2; Ig: Immunoglobulin; HFNC: High-flow nasal
cannula; NIMV: Noninvasive mechanical ventilation; IMV: Invasive mechanical ventilation; RRT: Renal replacement therapy.

treatment was initiated for 55.6% of patients. . o .
Res.piratory support. was give.r'l to 14 ?24.7%) ;Zg;i;a%ﬁkﬁggf(?fggtory oilngs i prtflanis
patients whose clinical condition deteriorated.
Inotropic drugs were administered to 16 (27.1%) of Laboratory finding " %
20 (33.9%) patients who developed shock during Anemia (g/dL) 18 30.5
the follow-up. Plasmapheresis was performed in Leukocytosis (103/uL)t 10 16.9
one patient. Lymphopenia (103/uL)¥ 36 61
Of 59 patients, 19 (32.2%) were followed Thrombocytopenia (<150 10°/ul) 21 35.6
up in the pediatric intensive care unit (PICU), Creatine elevation (mg/dL)t 20 339
and 40 (67.8%) patients were followed up in Albumin (<3 g/dL) 7 119
the pediatric infectious diseases ward (Table 1). Coreactive protein (>0.5 ma/dL) 57 566
The median duration of hospitalization was 8 N
(IQR: 7-12) days, and the mean duration of PICU Ferritin (>200 pg/L) 40 67.8
stay of 19 patients was 4.05+1.80 (range, 1 to 7) Troponin (>0.06 ng/mL}) L 271
days. Fibrinogen (>400 mg/dL) 52 88.1
Cost analysis D-dimer (>500 ng/mL) 45 76.3
MIS-C: Multisystem inflammatory syndrome in children; + Values higher
The total cost of the patients hospitalized tshggothffagek-lappro§riate le\éellggrg)ge]_\;/erehacceplted- # Values belosv
with the diagnosis of MIS-C during the study pl-forthose < vearan l-forthose > yearwere accepted.
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Table 3. Distribution of cost by expenses
Variables Total cost ($) Cost per patient ($)
Mean+SD
Total cost 849,242.93 14,393.94+9,631.92
IVIG cost 362,028.74 6,136.07+511.39
Other pharmacy and blood products 431,725.89 7,703.09+657.88
Inpatient floor costs 276,481.91 602.48+82.87
Medical consumable costs 9,048.68 19.71+3.13
IVIG: Intravenous immunoglobulin; SD: Standard deviation.

period was 849,242.93%, and the mean cost
per patient was 14,393.94+9,631.92$. The total
cost was analyzed under four headings: IVIG,
other pharmacy and blood products, inpatient
floor cost (including laboratory, consultation,
and radiological examinations), and medical
consumables cost (Table 3). In the distribution
of the total cost of hospitalization according
to expenses, the highest rate was pharmacy
and blood products (51.99%) and IVIG costs
(43.99%; Table 3).

In the relationship between the clinical level
and the total follow up cost, the mean total

cost per person was 13,682.87+8,799.63% in
mild cases, while it was 16,433.82+9,440.02%
in moderate-severe cases, and no statistically
significant relationship was found (p>0.05,
Table 4). There was no difference in the mean
cost per patient between patients with and
without heart, lung, kidney, or neurologic

involvement and advanced respiratory support
(p>0.05, Table 4).

There was a strong positive correlation
between the two variables (r=0.883, n=59,
p<0.0001), with the amount of costs increased
with age.

involvement with the total cost per person

Table 4. Evaluation of the relationship between disease severity

and organ system

Variables* n

Disease severity

Mild 33

Moderate-severe 26
Cardiovascular system involvement

Yes 40

No 19
Respiratory system involvement

Yes 16

No 43
Renal system involvement

Yes 21

No 38
Neurological system involvement

Yes 7

No 52

Total cost ($)
Mean+SD t p
-1.155 0.253
13,682.87+8,799.63
16,422.06+9,440.02
-1.573 0.121
16,164.93+9,253.75
12,221.95+8,419.10
0.044 0.965
14,809.48+8,330.06
14,927.04+9,480.26
-0.719 0.478
16,180.95+11,380.82
14,184.58+7,660.72
-1.802 0.077

20,612.05+8,351.03
14,125.57+9,007.36

* Independent samples t-test.
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DISCUSSION

In this study, we shared our experience with
MIS-C and analyze the effect of the intensive
treatment process on the health cost.

The total cost of followed 59 MIS-C patients
within one year was 849,242.93%. In the study,
no statistically significant correlation was found
between the total cost of per person follow-up in
the mild group and the moderate-severe group
(p>0.05, Table 4). We believe this finding is due
to the IVIG treatment, which was given nearly to
all patients and consisted of the most important
item in the breakdown analysis of costs. In
addition, in our institution, IVIG was the standard
treatment modality in the mild, moderate, and
severe cases of MIS-C, which is very expensive
and occasionally inaccessible in our country.

It was observed that organ system involvement
did not create a statistically significant difference
on total cost (p>0.05, Table 4). The mean
cost of the cases with cardiovascular and
neurological system involvement were similar to
cases without the involvement of these systems,
although this difference was not statistically
significant. In contrast with our findings, a
comprehensive study of 4107 MIS-C patients
reported that the cost nearly tripled as the
number of affected organ systems increased.??
We think that it would be valuable to ensure
homogeneity between groups by increasing the
number of samples in ongoing studies to further
support the results related to neurological system
involvement. It was determined that receiving
respiratory support did not have a statistically
significant additive effect on the total cost of the
cases. On the other hand, a significant portion
of our patients receiving respiratory support
used oxygen support with a high-flow nasal
cannula, preventing some of the patients from
transferring to the PICU, which also decrease
the healthcare costs. A previous study from our
center reported that 25.9% of the patients with
MIS-C were followed up in the PICU, which
was lower compared to previous studies.?*28
We believe that using a high-flow nasal cannula
and the lower admission rate to the PICU were
factors decreasing the costs.

IVIG treatment, reported as the first-line
therapy for all clinical severity levels of the
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disease,?® was applied to 96.6% of our patients.
In the literature, the use of IVIG treatment varies
between 71 and 100%.511:2430-33 This may be
related to the relatively high use of biological
agents and steroids.>343% In addition, with early
IVIG replacement applied to patients in our
center, a rapid improvement in the clinic and
fewer disease-related complications were noticed;
consequently, an approach aimed primarily at the
use of IVIG was adopted. Cardiovascular system
complications and intensive care hospitalization
rates are lower in our center compared to
other studies, and our mortality rate of 0% also
supports this. IVIG replacement applied alone
has left its place to IVIG + steroid combined
treatment over time. Belhadjer et al.'? emphasized
that cardiovascular recovery develops faster with
combined therapy. Similarly, in a retrospective
study, it was reported that more positive results
were obtained with combined treatment.3¢ In our
study, 44.1% of the patients received combined
treatment. Hypotension, systolic dysfunction,
thrombocytopenia, lymphopenia, and need for
intensive care were found to be significantly
higher in these patients. Furthermore, there was
no significant relationship between tachycardia
and the clinical level of the cases (p>0.05) and
the use of combined treatment (p>0.05). Devrim
et al.%” also reported the existence of a significant
relationship between the use of combined therapy
and existing variables (p=0.014). We believe that
the lack of a relationship between the clinical level
and the use of combined therapy is related to
the inhomogeneity of the medium-severe group.
In another study, steroid treatment was started
in 42% of severe cases and 45% of mild cases,
and there was no significant relationship between
the clinical level of the patients and the use of
steroid therapy.® Our findings are important in
terms of showing that IVIG + steroid treatment
is given with appropriate indications in our
center and that the cases given this treatment
have clinical severity enough to be candidates
for intensive care. Although the exact criteria for
the use of IVIG+steroid therapy has not been
determined, it is also supported by the literature
that this treatment should be started in patients
with decreased ejection fraction and presence of
hypotension and respiratory failure, which are
included in the definition of moderate and severe
MIS-C.38
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The median hospital follow-up of our patients
was 8 (IQR: 7-12) days, and a statistically
significant correlation was found between the
severity of the disease and the total hospital
follow-up time (p<0.01). Similar hospitalization
rates are reported in the literature3”3%4° Forty
(67.8%) of the patients were followed in the ward,
and 19 (32.2%) were followed in the intensive
care unit, and the mean intensive care follow-up
of the patients was 4.05+1.80 (range, 1 to 7)
days. Although the follow-up times of patients
in the intensive care unit are similar in the
literature, 323741 there are studies reporting higher
rates of intensive care follow up in international
data.?83% In a systemic review by Kaushik et al.,®
68% of the patients needed intensive care, and
the median follow-up time was 5 (IQR: 4-8) days.
We believe that the data differences between the
countries on this subject are related to the lack
of a universal algorithm for admission to the
intensive care unit, the differences between the
organization of hospitals, and the capacities of the
intensive care unit. Despite this difference in the
hospitalization rates of the patients, the fact that
the follow-up periods are similar supports this.
Mortality rates varying between 0.8 and 2.0%
have been reported in the literature.352432:3442 In
our study, the mortality rate was 0%.304344

This study has several limitations due to
the retrospective collection of data. Additionally,
our sample size is small to generalize our
findings; however, given the limited number of
studies focusing on MIS-C, our study provides
additional useful data to assist clinicians in the
early identification of patients who need further
investigation and treatment.

In conclusion, this is the first study to perform
the cost analysis of MIS-C in the literature
and reveal that MIS-C requires costly treatment
strategies due to severe myocardial dysfunction
and multiorgan failure. We believe that knowing
the cost of follow-up and the associated findings
in this disease, which covers an important area in
health economics, will guide the definition of the
economic burden in the healthcare system.

Ethics Committee Approval: The study protocol
was approved by the University of Health Sciences Dr.
Behcet Uz Pediatric Diseases and Surgery Hospital
Clinical Research Ethics Committee (date: 08.10.2020,
no: 2020/14-06). The study was conducted in accordance
with the principles of the Declaration of Helsinki.
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