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Case Report
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Abstract

Multiple inflammatory syndrome in children (MIS-C) is a multisystem inflammatory disease following COVID-19 in children. This
disease occurs a few weeks after COVID-19. A child with this condition develops a cytokine release cascade that results in organ
damage. The involved organs include the heart, lungs, brain, gastrointestinal tract, and central nervous system. Fever is present in
all patients and Kawasaki-like symptoms are one of the common features in these children. In this article, we introduce a child with
MIS-C who has skin, gastrointestinal, neurological, and renal symptoms and has been hospitalized in the PICU.
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1. Introduction

Multisystem inflammatory syndrome in children (MIS-
C) is a condition with inflammation in different parts of
body, including brain, kidney, lungs, eyes, heart, skin, and
gastrointestinal organs (1). These children may have fever
and symptoms, including vomiting, diarrhea, rash, neck
pain, conjunctivitis, and neurologic symptoms. Many chil-
dren with MIS-C are PCR- or antibody-positive for COVID-19.
The Center for Disease Control and Prevention (CDC) de-
fines MIS-C features as follows: (1) the age under 21 years
old; (2) having laboratory evidence of inflammation and
fever; (3) having evidence of severe illness requiring hos-
pitalization; and (4) more than two organ involvement in
the absence of other diagnoses, and evidence of SARS-CoV2
exposure or infection (2). There are reports of acute heart
failure in pediatric patients with MIS-C due to SARS-COV-2
infection (3). Brain ischemic stroke is a rare complication
of COVID-19 in patients with MIS-C (4, 5). We report a 7-year-
old boy with MIS-C and heart failure, and brain ischemic
stroke. The reason for introducing this patient is the early
onset of chronic renal replacement therapy (CRRT) and its
positive effects on the patient’s treatment, report of treat-
ment of heart failure in the patient with levosimendan,
and presenting stroke in the patient’s brain.

2. Case Presentation

A 7-year-old overweight boy [body mass index (BMI) =
25.6; weight = 37 kg; height = 120 cm] was admitted to our
hospital PICU, Mofid Children Hospital, which is an Aca-
demic, Governmental, Referral, Educational Children Hos-
pital. The patient had a history of fever, nausea, vomiting,
cough, and constipation for one week who was visited by
different physicians. There was a positive history of con-
tact with a COVID-19 positive parent. He was prescribed sev-
eral types of antibiotics, anti-nausea, probiotics, and anal-
gesics that were ineffective. A Foley catheter was placed
in another facility, and the possibility of bladder rupture
was considered due to lack of proper insertion. On ad-
mission, he was ill and pale, GCS = 10, and there was se-
vere abdominal pain. T = 38.1, BP = 90/60, PR = 96/min,
RR = 23/min, O2 Sat (Saturation) at room air was 94%. On
physical examination, he had no respiratory distress, and
respiratory sounds were normal. Hepatomegaly was ev-
ident 3 cm below costal margin and splenomegaly 2 cm
below costal margin, and there was generalized abdomi-
nal tenderness. Rebound tenderness was not detectable
because of patient lack of cooperation. On echocardiog-
raphy ejection fraction (EF) was 10%. Subsequently, it was
found that the reason for the decrease in saturation was
low EF. Few bilateral ground-glass opacities were found on
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chest CT-scan (Figure 1). In chest X-ray, pleural effusion
was noted on the right side, and there was Para hilar hazi-
ness (Figure 2). Twelve days after admission, he developed
left side hemiparesis. In brain CT-scan without contrast,
gyral hyperdensity in right temporoparietal segment was
suggestive of laminar cortical necrosis, and hypodensity
was noted in the right temporoparietal zone due to is-
chemia (Figure 3). Brain CT angiography reported no de-
tectable occlusion, stenosis, aneurysm formation, and ab-
normal displacement along with the brain arterial struc-
tures. Brain MRI without contrast and diffuse-weighted
imaging showed evidence of gyriform T1 hyperintensities
in right temporoparietal region due to cortical necrosis
associated with microhemorrhage. There were abnormal
signal areas in right cerebral hemisphere, mainly involv-
ing cortex and subcortical white matter in the territory of
right Mid Cerebral artery (MCA. Ascites fluid analysis re-
vealed Glu = 283 mg/dL, Lymph = 80%, poly = 20% pro =
3,200 mg/dL, WBC = 200, RBC = 300, LDH fluid = 699 mg/dL.
Ascites culture was enterococcus resistant to Ampicillin,
Ciprofloxacin, Vancomycin. Vancomycin trough concen-
tration was 20.6 mcg/mL. CSF Analysis showed Glu = 63
mg/dL, Pro = 18 mg/dL, WBC = 0 RBC = 3,600. Moreover, CSF
PCR was negative for HSV1/2, VZV, EBV, Enterovirus, CMV, JC
virus, Influenza virus1/2, and COVID-19.

Figure 1. Bilateral ground-glass opacities on chest CT-scan

In CBC, WBC = 19,100/µL, Neut = 90%, Lym = 8%, Hb = 6
mg/dl, RDW = 16.3%, PLT = 223,000/µL. Other laboratory re-
sults are shown in Table 1. SARS-CoV2 PCR and Influenza PCR
were negative.

Figure 2. Pleural effusion on right side and Para hilar haziness

Rheumatologic consultation recommended HLA-B5,
CANCA, PANCA, Anti-CCP, RF, FANA, Anti-Cardiolipin (IgG
and IgM), AntiB2Glycoprotein (IgG and IgM), and Anti-
smith. All rheumatologic test results are shown in Table 2.
Stroke panel including anti thrombin 3 = 129% (80 - 120),
protein C = 118% (70 - 140), protein S = 71% (55 - 160), serum
homocystein = 10.9 µmol/L (5 - 15), factor 5 leiden = 3.15 sec
(2.18 - 3.38), factor 8, 9, 10, 12, 13 were within normal range.

Immunologic consultation recommended IgG, IgM,
IgE and IgA which were within normal range. IL-6 = 9.8
pg/mL (up to 5.9), CD3 = 37.9% (35 - 78%), CD19 = 43.6% (3 -
14%), CD20 = 41.5% (3 - 15%), CD16 = 1.89, CD4 = 18.3% (22 - 62%),
CD8 = 17.9% (12 - 36%), CD4/CD8 = 1.02 (1 - 3), CD56 = 4.24%.
NBT = 100%, LTT for DT and Candida decreased a little and
was normal for PHA and BCG. No immunologic syndrome
was detected.

His peritoneal tap revealed exudative fluid. Bladder
rupture was raised by respected surgeon colleagues, and
after the rejection of bladder rupture, appendectomy was
performed after seeing inflamed appendix in laparotomy.
The pathologic result of appendectomy was vermiform ap-
pendix with lymphoid hyperplasia. The patient was intu-
bated in the operating room and was not extubated due to
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Figure 3. Gyral hyperdensity on right temporoparietal segment suggestive of laminar cortical necrosis and hypodensity on right temporoparietal zone due to ischemia.

a continued decreased level of oxygen saturation.

Two days after admission, continuous renal replace-
ment therapy (CRRT) was started and continued for 48 hr.
At that time, despite the lack of dehydration, creatinine be-
gan to increase, which decreased with early CRRT to 0.8.
Urine analysis showed hematuria 10 days after admission,
which was improved gradually. Left lower limb edema oc-
curred after ten days of admission, and arterial and venous
color Doppler of lower limb was normal in the left side, and
edema disappeared gradually.

Meropenem 1 gr q 8 hr, vancomycin 370 mg q 6 hr,

acyclovir: 370 mg q 8 hr and discontinued two days after
negative l p, enoxaparin: 18 mg Sc q 12hr, norepinephrine:
0.1 macro/kg/min, epinephrine: 0.1 macro/kg/min, lasix:
0.05 mg/kg/hr, milrinone: 50 mcg/kg loading dose by IV
push over 10 - 60 minutes, then 0.25 - 0.75 mcg/kg/min IV,
carvedilol 25 mg/BD, and captopril 0.3 - 0.5 mg/kg/dose/BD
were started. All of them were manufactured in Iran, lev-
osimendan dose was 0.1µg (µg/kg /min for 36 hr manufac-
tured by Ukraine. In spite of complete use of cardiotropic
agents, EF was low, and levosimendan 0.1µg/kg/min (man-
ufactured by Ukraine) was started, and he responded dra-
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Table 1. Laboratory Examination Results

Laboratory Exams Results Normal Range

AST (SGOT) 57 U/L < 37

ALT (SGPT) 116 U/L < 41

LDH 1,255 U/L < 580 girl, < 746 boy

T troponin 0.072 ng/mL Low risk ≤ 0.03, Mod risk =
0.03 - 0.1, high risk ≥ 0.1

Troponin 0.313 < 0.29

Creatinine
phosphokinase

212 U/L 0 - 195

CPK-MB 44.3 U/L 0.5 - 25

Uric acid 0.9 mg/dL 3 - 6.4

CRP 180 < 10

ESR 55/hr 5 - 30

Amylase 55 u/L 30 to 110

Creatinine 1.5 mg/dL Children ages 3 to 18 years.
0.3 to 0.7 mg/dL

Na 135 meq/l 135 - 148

K 3.5 meq/l 3.5 - 5.3

PCT 20 ng/mL More than 2 is seen in
severe sepsis

Ferritin 18,900 ng/mL 6.7 - 177

Fibrinogen 372 mg/dL 200 - 400 mg/dL

Cholesterol 231 mg/dL < 200

Triglyceride 238 mg/dL < 200

Total pro 5.5 gr/dL 5.7 - 8

Alb 3.2 gr/dL 3.4 to 5.4 g/dL

Ca 8.2 mg/dL 8.6 - 10.3

Phosphorus 2.6 mg/dL 3 – 7

C1 107 meq/l 98 - 110

C3 137 mg/dL 90 - 180

C4 37 mg/dL 10 - 40

COVID-19 IgG-Ab 1.81 IU/mL Neg ≤ 0.9, borderline =
0.9-1.1, Pos ≥ 1.1

COVID-19 IgM-ab 0.09 IU/mL Neg ≤ 0.9, borderline =
0.9-1.1, Pos > 1.1

matically with increase in EF to 55%. The patient suffered
from skin rash during admission, and intravenous im-
munoglobulin (IVIG) and Methylprednisolone pulse ther-
apy were started. Anticoagulant prophylaxis was changed
to therapeutic dose after hemiparesis development. In-
formed consent was obtained from the family, and they
consented to report their child’s illness. The pediatric in-
tensivist, pediatric infectious diseases subspecialist, pedi-
atric immunologist, pediatric rheumatologist, and pedi-
atric cardiologist participated as teamwork in the manage-

Table 2. Reumatologic Panel

Laboratory Exams Results Normal Range

ANA Neg

Anti-DNA 5.3 IU/mL Pos > 25

Anti-cardiolipine IgG 1.26 U/mL Pos > 18

Anti-cardiolipin IgM 5.7 MPL U/mL Positive low = 13 - 14.9

Anti-smooth muscle Ab Neg

SSA/Ro IgG 2.3 U/mL Pos > 18

SSB/La IgG 1.5 U/mL Pos > 18

ANCA/IFA Neg

Anti-MPO < 2 Ru/mL Pos > 20

Anti-PR3 2.8 U/mL Pos > 18

Anti-smith 80 EU/mL Pos > 25

Anti-Beta2 glyciprotein IgG < 1U/mL Pos > 18

Anti-Beta2 glyciprotein IgM 0.9 U/mL Pos > 18

Anti-CCP 14 U/mL Pos > 18

Rheumatoid factor (RF) Neg

HLA-B5 Neg

HLA-B27 Neg

HLA-B51 Neg

ment of this patient. The patient was gradually improved
and discharged after 20 days’ admission. He was well at
subsequent follow-up visits.

3. Discussion

The patient that we studied had MIS-C on the basis of
diagnostic criteria. He had fever and high inflammatory
markers, including LDH, Ferritin, ESR, CRP, and organ in-
volvement, including CNS, Skin, kidney, and Heart. He also
had positive serologic markers (6). The patient was ini-
tially admitted with the possibility of appendicitis and had
visceral involvement with exudative ascites. Our patient
underwent surgery, but he had no appendicitis or intra-
abdominal surgery problems. In a study in Italy in 2021,
among 1,010 children with MIS-C, 4.2% had an acute ab-
dominal diagnosis, and 3.8% had surgery, of which 89.7%
had a final diagnosis of appendicitis (7). Creatinine in-
creased, which was improved with supportive therapies
such as CRRT. The prevalence of acute kidney injury (AKI) in
COVID-19 patients is approximately 27.8%. Continuous re-
nal replacement therapy (CRRT) is an important therapeu-
tic modality in patients with COVID-19 and AKI. Absolute in-
dications for initiating CRRT are overt uremia and hyper-
kalemia, but the optimal timing of therapy is the subject
of debate (8). A 15-year-old girl with renal failure and MIS-C
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was hospitalized in the United States and completely recov-
ered. Moreover, BUN and creatinine increased but CRRT de-
ferred in the setting of dehydration and intravenous ther-
apy resulted in significant improvement. She also had skin
rash and had antibodies to COVID-19 similar to our patient
(9). The optimum time for CRRT is 16.5 hr of AKI and mor-
tality is lower than the interval of 28, 60, and 90 hr (10). In
our patient, early initiation of CRRT could prevent the pro-
gression of renal involvement and increase the patient’s
chances of survival. In a multisystem study in Europe, 286
children from 55 centers were included. The most com-
mon cardiovascular involvements were pericardial effu-
sion, arrhythmias, coronary artery problems, and reduced
left ventricular EF, which occurred in one-half of patients
(11). Our patient had decreased cardiac EF, and cardiotonic
drugs were used for his treatment without significant im-
provement. There was a dramatic response to levosimen-
dan. This drug is indicated in the short-term treatment of
heart failure with inadequate effect of conventional ther-
apy. Levosimendan opens sarcolemmal and mitochondrial
potassium-ATP channels. It improves cardiac function
with no increase in oxygen consumption. The effect is not
attenuated by concomitant use of beta-blockers (12). Our
patient did not respond to epinephrine, norepinephrine,
and milrinone, and dobutamine. The last drug, levosimen-
dan, was effective, and the patient was treated successfully.
Levosimendan is a vasodilator alongside the effect of in-
otrope. Its consumption is spreading in children (13). Its
use has not been reported in MIS-C patients. Our case expe-
rienced left side hemiparesis during the course of admis-
sion, and the cause was reported as an ischemic problem
in the right temporoparietal zone of the cerebral cortex. In
a case series report from Chile 2021, the neurologic com-
plications were epilepsy exacerbation, anosmia, ageusia,
headache, Guillain-Barre syndrome, encephalopathy, and
demyelinating events (14). A case of stroke firstly resulted
in brain infarction and death in a child with COVID-19 (15).
The pathophysiology of acute cerebral ischemia in COVID-
19 are para-infectious and immune-mediated, and hyper-
coagulable state and endothelial indentation (15). The
virus interferes with the function of ACE2 in cerebrovascu-
lar self-regulation, while reports of thrombosis, especially
in the higher ages, have been reported (16). Our patient
developed cortical ischemia due to the involvement of the
MCA artery. Fortunately, the paralysis of the left side of the
body was improved during hospitalization and left no per-
manent complication. In our patient, despite a complete
immunological examination, no clear immunodeficiency
was detected. Cases of associated immunodeficiency are
less common in patients with MIS-C (17). All rheumatologic
tests in our patient were negative except for anti-smith an-
tibody. This antibody has high specificity for SLE. It is ele-

vated in 30% of SLE and 8% of mixed connective tissue dis-
ease (MCTD) cases. Smith antigens are part of extractable
nuclear antigens (18). We found no correlation between
MIS-C and SLE in the review of literature, and our patient
did not show any symptoms of SLE. The anti-smith speci-
ficity of SLE antibodies decreases with the observation of
positive cases in lung cancer (19). Our patient was an MIS-
C case that his vital organs of the brain, heart, and kidney
were involved, that all were improved with the treatment.
He had no problems at subsequent visits, and his tests were
scheduled to be checked regularly.

3.1. Conclusions

Multiple inflammatory syndrome in children (MIS-C) is
improved if diagnosed and treated early. Performing con-
tinuous renal replacement therapy (CRRT) in patients with
kidney involvement in MIS-C can be lifesaving and must be
done before the inflammatory process is stabilized. The de-
cision to treat should be made on time and completely be-
cause the inflammatory process can be very destructive in
patients with MIS-C. Levosimendan is a drug that can be
used in patients with cardiac insufficiency if they do not
respond to other drugs.
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