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ARTICLE INFO ABSTRACT

Keywords: Background: Reversible splenial lesion syndrome (RESLES) is characterized by a temporary lesion in the splenium
RESLES of the corpus callosum. RESLES is one of the most common causes of Mild encephalitis/encephalopathy
COVID-19

reversible splenial lesion (MERS) and a rare clinical syndrome for the pediatric population. In a limited number
of pediatric case reports, association with SARS-COV-2 in was reported. We aimed to increase the awareness of
neurological involvement and treatment options of RESLES in children diagnosed with MIS-C.

Case presentation: We report two cases with a diagnosis of multisystem inflammatory syndrome-children who
developed RESLES during the disease course. Fever, blurred vision, ataxia and encephalopathy were the main
central nervous system symptoms. In our first case, we observed a rapid recovery in clinical symptoms and
complete resolution of the splenial lesion in with intravenous immunoglobulin (IVIG) and methylprednisolone
treatment. However, our second case did not respond to IVIG and methylprednisolone treatment. We performed
therapeutic plasma exchange therapy and observed a successful recovery both in brain magnetic resonance
imaging and echocardiographic findings.

Conclusion: Although IVIG and methylprednisolone are the first choice treatment methods in MIS-C cases pro-
gressing with RESLES, therapeutic plasma exchange may be an option for the treatment of unresponsive cases.

Therapeutic plasma exchange

1. Introduction immune response against the virus, causing cardiac involvement and

clinical course similar to Kawasaki disease [2]. Various neurological

The novel severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which causes coronavirus disease 2019 (COVID-19) was
declared as a pandemic on 1 March 2020, by World Health Organization
[1]. Centers for Disease Control and Prevention described the multi-
system inflammatory syndrome in children (MIS-C) who was diagnosed
after the SARS-CoV-2 pandemic and showed evidence of dysregulated

* Corresponding author.

symptoms have been reported both in the clinical course of COVID-19 in
adults and in children diagnosed with MIS-C [3-5]. In some cases of
MIS-C, encephalitis/encephalopathy, and splenial involvements are
observed in cranial parenchymal imaging [5].

Reversible splenial lesion syndrome (RESLES) is a rare clinical-
radiological syndrome involving the splenium of the corpus callosum
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Table 1
Laboratory results of the cases.
Blood analysis C1 C2 Blood analysis C1 Cc2
Hemoglobin (g/ 12 12.1 Phosphorus 3.7 2.43
dL) (mg/dL)
Hematocrit (%) 34.8 35.5 Potassium 4.77 3.73
(mmol/L)
White blood cell 9.71 16.84 Sodium (mmol/ 135 128
count (10%/uL) L)
Neutrophil count 7.58 15.6 CRP (mg/L) 250.3 80.13
(10°/uL)
Lymphocyte 1.21 0.49  Procalcitonin 1.07 13.24
count (10%/uL) (ug/L)
Thrombocyte 173 117 Ferritin (mcg/ 357.8 1311
count (10%/uL) L)
ALT (IU/L) 12 13.7 APTT (sec) 37.3 36.7
AST (IU/L) 20 16 INR (sec) 1.87 1.36
GGT (IU/L) 12 10 Fibrinogen 724 633
(mg/dL)
Albumin (g/L) 34.2 30.5 HS-Troponin T 4 71.94
(ng/L)
Total protein (g/ 44.8 4.48  Creatinine 86 80
dL) kinase (IU/L)
Sedimentation 11 117 Pro-BNP (ng/L) 1810 7326
(mm/h)
Bilirubin, total 0.51 0.51 LDH (IU/L) 425 286
(mg/dL)
Bilirubin, direct 0.24 0.24 Blood Gas
(mg/dL) Analysis
Creatinine (mg/ 0.91 0.75 pH 7.56 7.56
dL)
Urea (mg/dL) 38 50 pCO2 28.1 28.1
Triglyceride (mg/ 240.3 pO2 73.4 73.4
d)
Calcium (mg/dL) 9 7.95 Lactate 3.49 3.49

C1: Case 1, C2: Case 2, ALT: Alanine aminotransferase, AST: Aspartate amino-
transferase, CRP: C-reactive protein, APTT: Activated partial thromboplastin
time, INR: International normalized ratio, BNP: Brain natriuretic peptide, LDH:
Lactate dehydrogenase, pCO,: Partial pressure of carbon dioxide, pO,: Partial
pressure of oxygen

and is frequently related to infections, epilepsy, and metabolic or elec-
trolyte disturbance [6]. Mild encephalitis/encephalopathy reversible
splenial lesion (MERS) is a viral infection-related radiologically isolated
syndrome among RESLES [7]. Cases of RESLES have been reported in
acute or subacute encephalitis/encephalopathy secondary to antiepi-
leptic drug toxicity, early discontinuation of antiepileptic drugs, high
altitude cerebral edema, hypoglycemia, hyponatremia, or hyper-
natremia. The reversibility of lesions in RESLES cases examined in the
literature has been accepted as an indicator of good prognosis [6,7].

Therapeutic plasma exchange (TPE) is an extracorporeal treatment
in which plasma is separated from the cellular components of the blood
to remove pathological substances such as autoantibodies, immuno-
complexes, cryoglobulins, endotoxins, cytokines, or other substances.
and then exchanged with replacement fluids [8].

Herein we aimed to describe the clinical and radiological charac-
teristics of two pediatric patients who developed splenial infarction
associated with COVID19 infection and were treated with intravenous
immunoglobulin (IVIG), methylprednisolone, and TPE.

2. Case 1l

A 14-year-old male patient, who was previously healthy, was
admitted to our pediatric emergency service with complaints of fever,
chills, ataxia, and hallucinations that started the day before. He had a
history of SARS-COV-2 infection and had a fever for 3 days. He was
conscious, agitated, and weak on admission to the pediatric emergency
department. Following the tachypnea of the patient on physical exam-
ination at admission, thorax computerized tomography (CT) imaging
was performed and bilateral peripheral patched ground densities in both
lung parenchymal areas were observed. The patient was referred to the
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pediatric intensive care unit (PICU) with the diagnosis of MIS-C. After
monitoring, tachypnea and tachycardia were observed and capillary
refill time was prolonged (>3s). Elevated C-reactive protein (CRP),
procalcitonin, ferritin, fibrinogen, and D-dimer levels were detected in
blood sample tests (Table 1). Due to the chest CT findings and elevated
acute phase reactants, a single dose of ceftriaxone was administered to
the patient after three intravenous saline loading. During the follow-up,
the patient was normotensive, and his tachypnea and tachycardia
regressed. Neurological examination showed no signs of meningeal
irritation, there was no neurological deficit and cranial nerve exami-
nation was normal. The nasopharyngeal swab test that was taken at
admission for SARS CoV-2 reverse transcription-polymerase chain re-
action (RT-PCR) was negative. The test sample was sent for COVID
Immunoglobulin M (IgM) and Immunoglobulin G (IgG) antibodies. He
had no need for respiratory and inotropic support. Contrast-enhanced
cranial magnetic resonance imaging (MRI) was performed and a
nonspecific lesion in the splenium of the corpus callosum which was
showing millimetric diffusion restriction was observed. An acute lesion
in the splenium of the corpus callosum was observed as hyperintense
areas specific for type 1 MERS in the T2 sequence, and hypointense areas
in the T1 sequence. Echocardiography was normal. Anti-SARS CoV-2
IgM and IgG tests were positive and supported our MIS-C diagnosis. IVIG
(2 gr/kg) and methylprednisolone (2 mg/kg/day) treatment was initi-
ated. We observed complete regression in neurological symptoms and
splenium lesion in the control cranial MRI scan, which was performed on
the 7th day of his hospitalization. Steroid treatment was gradually
ceased and he was discharged on the 10th day of hospitalization without
any neurologic sequelae.

3. Case 2

A 15-year-old previously healthy male patient was admitted to our
pediatric emergency service with complaints of fever, headache, dizzi-
ness, blurred vision, agitation, vomiting, and diarrhea for five days. On
admission to the pediatric emergency department, he was conscious and
the vital signs monitoring showed tachycardia without any other dis-
turbances. Physical examination was significant for cervical lymph-
adenopathy, diffuse maculopapular rash, and non-purulent
conjunctivitis. Laboratory examinations revealed lymphopenia,
elevated troponin, elevated D-dimer, elevated pro-BNP, elevated CRP,
and procalcitonin levels (Table 1). Other biochemical tests and blood gas
analyses were normal. He was diagnosed as MIS-C according to the CDC
criteria and hospitalized with positive SARS-CoV-2 antibody test results.
Due to the presence of high acute phase reactants, antibiotherapy with
cefotaxime and teicoplanin in conjunction with the intravenous immu-
noglobulin (IVIG,2 g/kg) and methylprednisolone (2 mg/kg/day) was
administered. During the clinical course, he had worsening of blurred
vision and later became unconscious. He was admitted to the PICU due
to his poor general condition. Neurological examination showed no
signs of meningeal irritation. Nasopharyngeal SARS CoV-2 RT-PCR was
negative. There was no requirement for supplemental oxygen, me-
chanical ventilation, and inotropic support. Contrast-enhanced cranial
MRI showed a nonspecific focus in the corpus callosum splenium
showing millimetric diffusion restriction. Additionally, an acute lesion
in the corpus callosum splenium was observed in hyperintense areas
specific to type 1 MERS in the T2 sequence, and hypointense areas in the
T1 sequence. Echocardiography was performed and dilatation in the left
coronary artery (5 mm, z score: +3,2) was detected. Although 48 h have
passed since the patient’s IVIG and steroid treatments that were given in
the emergency department, his neurological findings worsened and
coronary dilatation was observed on echocardiography. Due to the pa-
tient’s high erythrocyte sedimentation rate and procalcitonin levels, it
was decided to apply TPE treatment instead of pulse steroid treatment in
the next step. TPE was performed with the Prismaflex® (Baxter, USA)
system, and TPE 2000 sets were used. The amount of plasma (2500 ml)
was calculated as follows: estimated plasma volume (L) = 0.065 x
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Fig. 1. : Thorax CT and Cranial MRI images of the first case. (a-f) Bilateral peripheral patched ground glass densities in both lung parenchymal areas and subpleural
striations in the left lung lower lobe superior and posterobasal segments. (g) In the axial plane not selectable on TIW images (h) T2W (I) FLAIR (J) Sagittal T2W
images slightly hyperintense, shown with an arrow in the corpus callosum splenium, the same in axial (k) b1000 weighted series and (1) DAC maps. Focus causing
diffusion restriction indicated by arrow sign in localization. (m,n,0) In the axial plane obtained after one week of treatment, it was observed that the previously
described diffusion-restricting lesion in (m) FLAIR (n) b1000 weighted imaging and o) ADC maps could not be selected in the present study.
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Adult Echo
S4-2
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Fig. 2. : MR], Clinical and Echocardiographic findings of the second case. (a) T2W is slightly increased signal intensity in the Corpus Callosum Splenium. (b) SWI, no
significant sensitivity artifact in the same localization. (¢) DWI and (d) ADC images. There is an increase in signal intensity consistent with restricted diffusion in
diffusion weighted and signal loss in ADC imaging sections passing through the same level. (e) Generalized maculopapular rash and (f) Coronary artery dilatation.

weight (kg) x (1 — hematocrit). In our country, since albumin can be
obtained with a drug report, it is more difficult to obtain and more
expensive, so we used fresh frozen plasma as the replacement fluid.
Saline 0.9 % was used to prime the TPE circuit. During the TPE pro-
cedures, blood flow was adjusted to 140 ml/min (2 ml//kg/min). Vital
signs were thoroughly monitored during the TPE procedure. Control
blood samples were taken immediately before and after TPE. Neither
blood products nor electrolyte replacement was needed. Five sessions of
TPE treatment were carried out every other day. We observed that the
laboratory parameters improved and abnormal findings resolved in the
control cranial MRI and echocardiography, performed on hospital day
10. Steroid treatment was tapered and stopped. He was discharged on
hospital day 14 with complete recovery in neurological symptoms.

4. Discussion

RESLES is a rare clinical syndrome for the pediatric population and
one of the most common causes of MERS. It frequently affects children
and young adults. Viral infections have often been blamed for disease
pathogenesis in the literature [6,9]. Previously it was reported that
RESLES was the most common neuroradiological finding among 45
patients who were diagnosed with MIS-C [10]. In this report, the diag-
nosis of MIS-C-associated RESLES secondary to SARS CoV-2 infection

was established with anti-SARS-CoV-2 IgG and IgM antibody positivity,
clinical and radiological findings. In a limited number of pediatric case
reports encephalopathy was reported as the most common clinical
symptom in patients diagnosed with SARS-COV-2 related RESLES [5]. In
accordance with the literature, the main neurological clinical symptoms
indicating encephalopathy were agitation and hallucinations in our
cases.

While lesions in MERS may be limited to the splenium of corpus
callosum (type I) in cranial MRI, they may extend to the frontotemporal
area, white matter, and even the cerebellum (type II). As complete re-
covery without sequelae usually occurs rapidly in type 1 involvement,
both radiological and neurological findings persist in type II involve-
ment [9].

A previous study reported a complete recovery of neurological dis-
turbances and resolution of the splenial lesion in an adult patient with
MERS related to SARS CoV-2 infection without any immunomodulatory
therapy [11]. The recovery time in the clinical course was reported as
approximately 1 week without any treatment in adult patients [4]. On
the other hand, children who developed MERS as a neurological
complication of Kawasaki disease have been reported in the literature,
and it is thought that the pathophysiological mechanisms are similar in
cases with MERS in the background of MIS-C [12]. In an article from our
country, it was reported that clinical and radiological complete recovery
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was achieved with IVIG and steroid treatments in 2 cases of RESLES
developing on the basis of MIS-C [13].

In pediatric patients, as there is no sufficient evidence, some studies
suggested that TPE may take a part in the treatment algorithm of the
multisystem inflammatory syndrome in children (MIS-C), which may
present with Kawasaki-like symptoms, toxic shock syndrome symptoms,
and signs of secondary hemophagocytic lymphohistiocytosis (HLH)/
macrophage activation syndrome (MAS) [14]. In another study from
Turkey, it was reported that TPE was applied in 10 of the 21 patients
with MIS-C diagnosis in the pediatric intensive care unit, who were
resistant to other treatments and an improvement both in clinical and
laboratory findings was observed with TPE treatment [15]. Despite all
these articles, CDC does not have a definite recommendation regarding
the use of TPE in the treatment of MIS-C.

In the literature, we did not find any case in which TPE treatment
was used in patients with MIS-C-related RESLES. In addition, a single
case of RESLES treated with TPE has been reported in the literature,
which is associated with TTP and was discharged without sequelae after
TPE treatment [16]. In our first case, both clinical and radiological
findings and rapid response to treatment were similar to RESLES cases
seen in the course of Kawasaki disease. However, in our second case with
coronary dilatation, when there was no clinical improvement despite
steroid and IVIG treatments, TPE treatment was used and both clinical
and laboratory improvement was achieved with the TPE treatment. In
our opinion, our second case is the first case report in the literature with
a splenial lesion associated with MIS-C and successfully treated with
TPE. (Figs. 1 and 2).

5. Conclusion

As a result, we describe the clinical course of two RESLES cases
associated with SARS CoV-2 infection in the MIS-C spectrum. In this
report, we aimed to increase the awareness of neurological involvement
and RESLES in children diagnosed with MIS-C. On the other hand, we
aimed to emphasize that plasma exchange can be used effectively in the
treatment of these patients when there is no response to IVIG and steroid
treatment.
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