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ABSTRACT

Background: Multisystem inflammatory syndrome in children (MIS-C) is a severe hyper inflammatory post
infectious complication of acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection, which typically occurs
2-6 weeks after exposure to SARS-CoV-2. Aim was to determine the clinical profile, cardiac involvement and
outcome of children admitted with multisystem inflammatory syndrome in pediatric intensive care unit.

Methods: This prospective observational study was conducted in pediatric intensive care unit over period of two
years. After informed consent from parents, all those patients meeting inclusion criteria were subjected to complete
history, general and systemic physical examination. Routine baseline investigations included CBC, LFT, KFT, ABG,
serum calcium and phosphorous, and other investigations like echocardiography, COVID-19 RAT and RTPCR and
various inflammatory markers like serum ferritin, pro-calcitonin, CRP and ESR whenever required were done.
Results: In our study out of 77 MIS-C patients 40 were males and 37 were females with a male female ratio of 1.1:1.
The mean average age was 7.4 years. Out of them 47 (61%) patients had a history of COVID-19 infection/contact
with positive COVID-19 cases 3 to 4 weeks before presentation. In our study gastrointestinal, respiratory, and cardiac
systems were mostly involved. Rash and conjunctival congestion was seen in 81% of MIS-C patients. On
echocardiography out of 77 MIS-C patients, 15 (19.5%) had pericardial effusion, 25 (32.5%) had coronary artery
dilatations and 32 patients (41.5%) had left ventricular systolic dysfunction with LVEF <55%.

Conclusions: Pediatric multisystem inflammatory syndrome is a serious and life-threatening illnesses having a
significant impact on morbidity and mortality.
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INTRODUCTION

Multisystem inflammatory syndrome in children (MIS-C)
is a severe hyper inflammatory post-infectious
complication of acute respiratory syndrome coronavirus-
2 (SARS-CoV-2) infection, which typically occurs 2-6
weeks after exposure to SARS-CoV-2.12 Although the
exact pathophysiology of MIS-C is uncertain, it is
thought to be due to immune dysregulation occurring
after recovery from acute infection. As per 2020 WHO
definition, MSC-C is defined as children and adolescents
0-19 years of age with fever >3 days and two of the

following five criteria: i) rash or bilateral non-purulent
conjunctivitis or muco-cutaneous inflammation signs
(oral, hands or feet); ii) hypotension or shock; iii) features
of myocardial dysfunction, pericarditis, valvulitis, or
coronary abnormalities (including ECHO findings or
elevated troponin/NT-proBNP); iv) evidence of
coagulopathy (by PT, PTT, elevated d-dimers); v) acute
gastrointestinal problems (diarrhoea, vomiting, or
abdominal pain).

And elevated markers of inflammation such as ESR, C-
reactive protein, or procalcitonin.

International Journal of Contemporary Pediatrics | June 2023 | Vol 10 | Issue 6 Page 855



Jan M et al. Int J Contemp Pediatr. 2023 Jun;10(6):855-859

And no other obvious microbial cause of inflammation,
including bacterial sepsis, staphylococcal or streptococcal
shock syndromes.

And evidence of COVID-19 (RT-PCR, antigen test or
serology positive), or likely contact with patients with
COVID-19.

The aim of our study was to recognize clinical spectrum,
cardiac involvement and immediate outcome of patients
admitted with MIS-C.

METHODS

The study was prospective and observational conducted
over a period of two years (December 2020-November
2022) in the pediatric intensive care unit of the GB Pant
children hospital, postgraduate department of pediatrics
GMC Srinagar, which is a tertiary care hospital for the
children of Kashmir valley. Our study was approved by
the ethical committee of Government Medical College
Srinagar via communication number (Minutes-BOPGS)
Acad/KU/22 02-02-2022 held on 29 and 30" September,
2021 under serial number 8. After informed consent from
parents, all those patients meeting inclusion criteria were
subjected to complete history, general and systemic
physical examination. Routine baseline investigations
included CBC, LFT, KFT, ABG, serum calcium and
phosphorous, CRP, and ESR. Radiological investigation
included USG, MRI, CT-scan whenever indicated. Other
investigations  like  echocardiography, troponin-T,
COVID-19 RAT and RTPCR, pro-calcitonin, serum
ferritin, blood culture, routine urine exam and culture,
CSF analysis and culture were done whenever indicated.

Determination of sample size

Using GPOWER software (version 3.0.10), it was
estimated that the least number of patients required with
90% power, 5% significance level and an effect size of
0.32 was 77. Therefore, we included a total of 77 patients
in our study.

Inclusion criteria

Age >1 year and <18 years admitted in PICU with a
diagnosis of MIS-C by clinical and/or laboratory
parameters as defined by 2020 WHO definition.?
Exclusion criteria

Patients with proven infective cases like bacterial sepsis,
dengue and leptospirosis were excluded by appropriate
investigations. COVID-19 RTPCR was done in all
patients.

Statistical analysis

Data was entered in a Microsoft Excel spreadsheet and
analyzed using SPSS version 22 software. Categorical

variables were summarized as frequency and percentage.
Continuous variables were summarized as mean and SD.

RESULTS

In our study 77 cases with a diagnosis of pediatric
inflammatory multisystem syndrome (MIS-C) were
included in the study. It included 40 males and 37
females with an average age of 7.4 years and a male
female ratio of 1.1:1. The most Common symptoms was
fever in 76 (98.7%) patients followed by vomiting in 46
(59.7%) patients, rash in 37 (48%) patients, loose stools
in 28 (36.3%) patients, red eyes in 25 (32.4%) patients,
pain abdomen in 17 (22%) patients, oral rash in 15
(19.5%) patients and respiratory symptoms including
cough and fast breathing in 13 (17%) patients as depicted
in Table 2. Out of them 47 (61%) patients had a history
of COVID-19 infection/contact with positive COVID-19
cases 3 to 4 weeks before presentation.

Table 1: Gender distribution of study population.

Gender Frequenc Percentage
Male 40 52

Female 37 48

Total 77 100

Table 2: Various symptoms in MIS-C patients.

No. of patients

Symptoms Percentage
Fever 76 94.3
Vomiting 46 59.7
Rash 37 48
Loose stools 28 36.3
Red eyes 25 32.4
Pain abdomen 17 22
Oral rash 15 19.5
Cough and fast

brea%hing 13 17
Drowsiness/lethargy 6 7.8
Headache 4 5.2
Swelling over limb 3 3.9
Blood with stools 2 2.6
Decreased urine output 1 1.3

In our study the most common signs in MIS-C patients
were fever in 76 patients (98.7%) with average
temperature of 102.1°F and tachycardia in 75 (97.4%)
patients. It was followed by hypotension in 69 (89.6%)
patients, tachypnea in 61 (79.2%) patients, rash in 37
(48%) and conjunctivitis in 26 (33.7%) patients. Other
common signs are listed in Table 3.

In our study on CBC, leukocytosis was seen in 40 (52%)
patients and leukocytopenia was seen in 7 (9.1%),
whereas 2 (2.6%) patients in our study had normal total
leucocyte count. Neutrophilia with leukocytosis was seen
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in 27 (35%) patients, leukocytopenia with neutropenia
was seen in 1 (1.3%) patient, 23 (29.9%) patients had
lymphopenia and 45 (58.4%) patients had
thrombocytopenia. Platelet count was normal in 32
(41.5%) patients and 3 (2.2%) patients had
thrombocytosis. Hemoglobin was low in 42 (54.5%)
patients and normal in 35 (45.5%) patients. In
biochemistry on admission 10 (13%) MIS-C patients had
raised creatinine (AKI) and 67 (87%) patients had normal
KFT, 13 patients (16.9%) had raised bilirubin and
significantly elevated liver enzymes (2xtimes upper limit)
and 15 patients (19.5%) had low albumin levels whereas
64 (83.1%) patients had normal liver function tests.
Serum calcium levels were decreased in 11 patients
(14.3%) and coagulogram was deranged in 7 (9.1%)
patients. Among inflammatory markers CRP was raised
in all 77 (100%) patients, ESR was raised in 70 (91%)
patients and was normal in 7 (9%) patients, LDH was
raised in 35 (45.5%) patients and normal in 42 (54.5%)
patients, ferritin was raised in 52 (67.5%) patients and
normal in 25 (32.5%) patients, fibrinogen (done in 36
MIS-C patients ) was raised in 28 (77.8%) patients and
normal in 8 (22.2%) patients, D-DIMER (done in 53
patients) was raised in 49 (92.4%) patients and normal in
4 (7.6%) patients, IL-6 (done in 30 patients) was raised in
28 patients (93.3%) and normal in 2 patients (6.7%) and
procalcitonin (done in 13 patients) was raised in 10
patients (77%) and normal in 3 patients (23%). Blood
culture and baseline septic profile was negative in all
MIS-C patients except that 2 (2.6%) patients had UTI.
COVID-19 1gG antibodies were positive in all patients
and COVID-19 RTPCR and RAT were negative in all
patients. Chest x-ray in 10 (13%) patients showed
bilateral chest infiltrates and USG abdomen was
suggestive of hydronephrosis in 1 (1.3%) patient and
hepatosplenomegaly in one (1.3%) patient.

Table 3: Various signs in MIS-C patients.

No. of patients

‘ Sign n=77 Percentage
Fever 76 98.7
Tachycardia 75 97.4
Hypotension 69 89.6
Tachypnea 61 79.2
Rash 37 48
Conjunctivitis 26 33.7
Signs of dehydration 25 32.4
Lethargy/drowsiness 15 19.5
Oro-mucosal rash 15 19.5
Irrltaple/agltated 11 143
behavior
Respiratory distress 7 9.1
Abdominal tenderness 6 7.8
Pallor 5 6.5
Encephalopathy 5 6.5
Swelling over limb 3 3.9
Lymphadenopathy 2 2.6
Convulsions 2 2.6

Table 4: Pericardial effusion in MIS-C patients.

ePft;ﬂ;::\);dlﬂ No. of patients (n=77) Percentage
Mild 11 14.3
Moderate 3 39
Severe 1 13
Total 15 195

Table 5: Coronary lesions in MIS-C patients.

No. of patients '

Finding (n=77) Percentage
RCA ectasia 1 1.3

LCA ectasia 4 5.2

LAD ectasia 7 9.1
RCA+LCA ectasia 7 9.1
LCA+LAD ectasia 1 1.3

RCA aneurysm 2 2.6

LAD aneurysm 2 2.6

LCA aneurysm 1 1.3

Total 25 325

On echocardiography out of 77 MIS-C patients, 15
(19.5%) had pericardial effusion ranging from mild to
massive, 25 (32.5%) had coronary artery dilatations as
depicted in tables 4 and 5 and 32 patients (41.5%) had
left ventricular systolic dysfunction with LVEF <55%. 12
(15.5%) patients had mild LV dysfunction (EF=41-55%),
16 (20.8%) patients had moderate LV dysfunction
(EF=31-40) and 4 (5.2%) patients had severe LV
dysfunction (EF<30). Coronary arteries were normal in
52 (67.5%) patients and LVEF function was normal in 45
(58.5%) patients.

DISCUSSION

This study comprised of 40 males and 37 females with a
male female ratio of 1.1:1 (52% males) and mean age on
presentation was 7.4 years. In a recent Indian study by
Angurana et al involving 122 MIS-C patients, mean age
was 7 years and 67% of cases were males.* Most
common symptom in MIS-C cases in our study was fever
in 98.7% patients followed by skin rash in 48% patients
and respiratory system involvement in 35% cases which
were similar to results by Whittaker et al who reported
fever in 96% cases followed by skin rash in 52% and
followed by respiratory involvement in 31% patients.® In
our study 96.1% MIS-C cases had gastrointestinal
symptoms mainly vomiting, loose stools and pain
abdomen. Similar results were observed by Jain et al,
Feldstein et al and Godfred-Cato et al showing GIT
symptoms in 95%, 92% and 90.9% cases respectively.'*
12 In this study oromucosal changes were seen in 19.5%
MIS-C patients and similar results were reported by Jain
et al with oromucosal changes in 21.7% patients.%
Cardiovascular system involvement was seen in 89.6%
MIS-C patients on admission mainly in the form of shock
which was comparable to results shown by Davies et al
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who reported 87% patients having cardiovascular system
involvement on admission.” Neurological system
involvement was seen in 42.8% MIS-C patients our study
mainly in the form of lethargy, agitated behavior,
irritability and encephalopathy. In literature similar
observations were made by Leora et al reporting
neurological manifestations in 40% patients.**

Leucocytosis was seen in 87% MIS-C patients whereas
one previous Indian study showed leucocytosis in 71%
patients.’® Liver enzymes were raised (>2 times upper
limit normal) in 16.9% and leucopenia in 10.4% MIS-C
patients in our study which were similar to results as
reported by Nayak et al showing elevated liver enzymes
in 21.3% patients and leucopenia in 4.47% patients
respectively.® Neutrophilia was seen in 35% MIS-C
patients in our study which was comparatively less than
that seen by Dhanalakshami et al, Balagurunathan et al
and Nayak et al with neutrophilia in 68.4%,76.2% and
77.6% patients respectively.>"3 Lymphopenia was seen
in 30% MIS-C patients which is almost similar to results
reported by Dhanalakshami et al and Godfred-Cato et al
with lymphopenia in 36.8% and 35.4% patients
respectively.>!® Thrombocytopenia was seen in 58.4%
patients followed by anemia in 54.5% MIS-C patients
which were similar to results as reported by Feldstein et
al showing thrombocytopenia in 56% patients and anemia
in 47% patients respectively.!' Acute kidney injury was
seen in 12.9% MIS-C patients in our study and same
results were observed by Bagri et al showing AKI in
12.9% patients.’® In our study19.4% MIS-C patients had
low serum albumin and in a US study by Leora et al 32%
patients had hypoalbuminemia.** In our study multiple
inflammatory markers were raised in MIS-C patients.
CRP was raised in all 77 (100%) patients, LDH in 45.5%
patients, fibrinogen in 77.8% D-dimer in 92.4% patients.
Similar results with CRP positive in 100% patients, LDH
in 53.8% patients, fibrinogen in 77.7% patients, d-dimer
in 92.8% patients were observed by Dhanalakshami et
al.’® ESR was raised in 91% MIS-C patients which
resembled results from an Indian study showing raised
ESR in 85% patients.'” Ferritin was raised in 67.5% MIS-
C patients in our study similarly it was raised in 61%
patients as reported by Feldstein et al.** Procalcitonin
was raised in 77% MIS-C patients similarly it was raised
in 80.3% patients as reported by Angurana et al.*

In our study a total of 19.5% MIS-C patients had mild to
massive pericardial effusion which was similar to
Godfred-Cato et al who reported 23.9% patients had
pericardial effusion.?? In our study 32 (41.5%) MIS-C
patients developed left ventricular dysfunction with
ejection fraction <55%. Same observation was made by
Feldstein et al with LV dysfunction in 41.7% patients and
Godfred-Cato et al found LV dysfunction in 40.6% MIS-
C patients.’**? In our study 25 (32.5%) had coronary
artery dilatations. Same results were observed by Sen et
al with coronary artery dilatation in 32% patients. In our
study troponin-t was positive in 35.1% MIS-C patients.
Balagurunathan et al also reported similar results with

troponin-t positive in 30.8% MIS-C patients.'” In our
study 89.6% MIS-C patients were managed as MIS-C
with shock, 71.4% patients received IVIG, 84.4%
patients received steroids, 19.5% received aspirin, 9.1%
patients received LMWH, 9.1% patients were on
mechanical ventilation and 7 (9.1%) patients expired
during hospitalization, which was comparable to results
seen by Nayak et al with mortality of 11.2%.5

The main limitation of this study was that all
inflammatory markers in MIS-C patients could not be
studied well because of unavailability of facilities for
such tests and another limitation was that follow up of
patients was not done so to throw light on chronic
complications of MIS-C in children.

CONCLUSION

In our study, fever, lethargy, poor feeding, vomiting,
abdominal pain, loose stools and cough are the common
symptoms of MIS-C syndrome in children and common
signs include, rash, conjunctival congestion, hypotension,
tachycardia, tachypnea, and hypoxemia. The majority of
MIS-C patients had cardiovascular and gastrointestinal
involvement leading to significant morbidity and
mortality.
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