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INTRODUCTION

Transverse myelitis is an inflammatory demyelinating disor-
der that can be associated with an autoimmune disorder or a 
multi systemic disease. Fulminant manifestation of transverse 
myelitis is rare. Acute ascending hemorrhagic longitudinally 
extensive transverse myelitis (LETM) invades three or more 
vertebral segments, progresses rapidly, and manifests with se-
vere clinical symptoms. Acute ascending hemorrhagic LETM 

is often refractory to treatment and has poor prognosis. Recent-
ly, a few cases with acute ascending hemorrhagic LETM associ-
ated with COVID-19 have been reported in the literature.1-4 We 
present the first case of a South Korean girl diagnosed with acute 
ascending hemorrhagic LETM associated with COVID-19. 

CASE REPORT

A 10-year-old female patient with no medical history and no 
prior administration of COVID-19 vaccination developed 
sudden unilateral motor weakness and paresthesia at 2 weeks 
after diagnosis of COVID-19. During COVID-19 infection, she 
had a mild fever less than 38 degrees for several days with 
mild rhinorrhea. She was eventually unable to walk indepen-
dently or spontaneously void urine. Upon admission, neuro-
logical examination revealed paralysis of both lower extremities. 
Magnetic resonance imaging (MRI) of the brain was normal, 
whereas initial MRI of the spinal cord showed longitudinally 

Acute Necrotizing Myelitis Associated with COVID-19

Ji Eun Yoo1, Hui Jin Shin1, Hoon-Chul Kang1, Joon Soo Lee1, Heung Dong Kim1, and Ha Neul Lee2

1Division of Pediatric Neurology, Department of Pediatrics, Epilepsy Research Institute, Severance Children’s Hospital, Yonsei University 
College of Medicine, Seoul; 
2Division of Pediatric Neurology, Department of Pediatrics, Yongin Severance Hospital, Yonsei University College of Medicine, Yongin, Korea.

Acute ascending hemorrhagic longitudinally extensive transverse myelitis is a rare inflammatory demyelinating disorder, which 
invades several vertebral segments and progresses rapidly and manifests severe symptoms. We present a case of acute necrotiz-
ing myelitis associated with COVID-19 infection. A 10-year-old female, with no previous medical history and no prior administra-
tion of COVID-19 vaccination, contracted COVID-19 in early April 2022. Two weeks later, she suffered from severe posterior neck 
pain and also presented with motor weakness and numbness in both lower extremities, making it difficult to walk independently 
and spontaneously void urine. Initial spinal cord MR showed longitudinally segmental extensive T2 hyperintensities. Cerebrospi-
nal fluid (CSF)  analysis revealed elevated red blood cell, normal white blood cell, and elevated protein levels and absence of oli-
goclonal bands. CSF culture and viral polymerase chain reaction were negative. Autoimmune work-up was negative. She was 
started on intravenous methylprednisolone 1g/day for 5 days and immunoglobulin (Ig) 2 g/kg for 5 days. She was also treated 
with six courses of therapeutic plasma exchange. Nevertheless, her pain and motor weakness persisted. She eventually developed 
respiratory failure. Follow-up MR presented a newly noted small hemorrhagic component. She was consequently treated with 
two additional courses of methylprednisolone and Ig. At 6-months follow-up, neurological examination showed improvement 
with normal sensory function and motor grade IV function in both upper extremities. We present the case of acute necrotizing 
myelitis associated with COVID-19 infection. Multiple courses of methylprednisolone and Ig showed mild improvement in motor 
and sensory function. However, poor prognosis was unavoidable due to rapid progression of the disease.

Key Words:   Acute necrotizing myelitis, transverse myelitis, autoimmune, COVID-19

Case Report

pISSN: 0513-5796 · eISSN: 1976-2437

Received: June 2, 2023   Revised: August 12, 2023
Accepted: August 15, 2023   Published online: October 17, 2023
Corresponding author: Ha Neul Lee, MD, PhD, Division of Pediatric Neurology, 
Department of Pediatrics, Yongin Severance Hospital, Yonsei University College of 
Medicine, 363 Dongbaekjukjeondae-ro, Giheung-gu, Yongin 16995, Korea.
E-mail: haneul_sky_lee@yuhs.ac

•The authors have no potential conflicts of interest to disclose.

© Copyright: Yonsei University College of Medicine 2023
This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (https://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

Yonsei Med J 2023 Nov;64(11):692-695
https://doi.org/10.3349/ymj.2023.0202

http://crossmark.crossref.org/dialog/?doi=10.3349/ymj.2023.0202&domain=pdf&date_stamp=2023-10-17


693

Ji Eun Yoo, et al.

https://doi.org/10.3349/ymj.2023.0202

segmental extensive T2 hyperintensities involving C6–T10 and 
marked swelling with cord extension in T4–6 (Fig. 1). Cerebro-
spinal fluid (CSF)  analysis showed elevated red blood cell 
(8340/μL; normal range 0–6), normal white blood cell (WBC) 
(5/μL > corrected WBC < 0; normal range < 5), elevated protein 
(430 mg/dL; normal range 15–45), elevated albumin (306 mg/
dL; normal range 10–30), and normal glucose (44 g/dL; normal 
range 40–70) levels, as well as the absence of oligoclonal bands 
(Table 1). We performed infection work-up-related tests, such 
as CSF panel for common viruses and bacteria that cause me-
ningoencephalitis and blood tests that included inflammatory 
markers, including erythrocyte sedimentation rate, and C-reac-
tive protein. We also performed CSF polymerase chain reaction 
with serum antibodies for several possible virus infections, 
such as cytomegalovirus, herpes simplex virus, varicella zoster 
virus, rubella, and Epstein-Barr virus. The infection work-up 
was all negative except for the serology of SARS-COV-2, which 
showed signs of recent infection (SARS-CoV-2 Ab Nucleocap-
sid 106.0, Spike 3.62). Autoimmune work-up was negative, 
which included serum antinuclear antibodies, myelin oligo-
dendrocyte glycoprotein antibodies, aquaporin 4 antibodies, 
and rheumatoid factor (Table 2). 

Initial treatment consisted of intravenous methylpredniso-
lone (1 g/day for 5 days) and intravenous immunoglobulin 
(IVIG) (2 g/kg for 5 days), followed by six courses of therapeu-
tic plasma exchange (TPE). After treatment, her symptoms did 
not worsen in the upper extremities, yet we did not see im-
provement with lower extremity paralysis, apart from horizon-
tal, wriggling movement of her legs with no antigravity strength. 
The symptoms began to worsen as fever began to develop. We 
performed further blood tests and employed a respiratory vi-
rus panel, which were negative for new viral or bacterial infec-
tion. We concluded that the fever was temporarily caused by 
TPE. She developed new-onset paresthesia of the lower extremi-
ties and motor weakness (grades I–II) in the upper extremities 
associated with the progression of acute LETM. She eventually 
developed acute respiratory failure due to insufficient respirato-

ry muscle function, making intubation, tracheostomy, and in-
tensive care unavoidable. A spinal cord biopsy at the T3–4 and 
thoracolumbar levels was performed to exclude malignancy. 
During biopsy, a remnant cord structure was barely observed, 
presenting as a grayish pinkish yellowish mush-like material 
with barely any CSF. Pathology showed near-total necrosis. 
Follow-up MRI of the spinal cord also presented with a newly 
noted, small hemorrhagic component at the C4–5 and T8–9 
levels (Fig. 2). Subsequent treatment consisted of two addi-
tional courses of intravenous methylprednisolone (1 g/day for 5 
days) and IVIG (2 g/kg for 5 days). Subsequently, oral steroids 
were administered for 2 months. IVIG was administered month-
ly. At 5-months, she was able to decannulate her tracheostomy 
tube and to eat food orally with substantial help (ADL-MBI). At 
6-months follow-up, neurological examination showed im-
provement, with normal sensory function and motor grade IV 
function in both upper extremities only.

Table 2. Results of Initial Laboratory Tests 

Lab findings Value Normal range
Blood sugar (mg/dL) 83 70–100
BUN (mg/dL) 21.7 7–17
Creatinine (mg/dL) 0.69 0.37–0.72
White blood cells (103/μL) 12120 4.0–10.8
Hemoglobin (g/dL) 14.2 14.0–18.0
Platelets (103/μL) 358 150.0–400.0
Aspartate aminotransferase (IU/L) 29 13.0–34.0
Alanine aminotransferase (IU/L) 14 5.0–46.0
Na (mmol/L) 139 135.0–145.0
K (mmol/L) 4.1 3.5–5.5
Cl (mmol/L) 99 98–110
Albumin (g/dL) 5.0 3.8–5.4
Total protein (g/dL) 8.3 6.0–8.0
CRP (mg/L) <0.6 0–8
ESR (mm/hr) 38 0.0–20.0
BUN, blood urea nitrogen; CRP, C-reactive protein; ESR, erythrocyte sedimen-
tation rate.

Table 1. Results of Initial CSF Studies

CSF studies Value Normal range
Color Pale xanthochromia
Turbidity Hazy
RBC (/μL) 8340 0–6
TNC (Total nucleated cells) (/μL) 5
WBC (/μL) TNC 0–30
SG 1.007
pH 7.800
Albumin (mg/dL) 306.0 10–30
Protein, total (mg/dL) 430.7 430.7
Glucose (mg/dL) 44 44
CSF, cerebrospinal fluid; RBC, red blood cell; TNC, total nucleated cells; WBC, 
white blood cell; SG, specific gravity.

Fig. 1. T2 (A) sagittal and (B) transverse initial spinal MRI shows longitudi-
nally segmental extensive T2 hyperintensities involving spinal cord levels 
C6–T10 and marked swelling with cord extension at T4–6. 
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DISCUSSION

During the ongoing COVID-19 pandemic, several cases of neu-
rological complications related to SARS-CoV-2 have been re-
ported.5 As in other countries, many neurological symptoms 
related to COVID-19 have been reported in Korea. The most 
common complications are brain fog and headache, followed 
by dizziness, memory impairment, myalgia, anosmia/ageusia, 
and acute stroke.6,7 In contrast, our case had focal neurological 
deficits and motor and sensory weakness. To our knowledge, 
this is the first case of a Korean pediatric patient diagnosed 
with LETM associated with COVID-19. 

LETM shows invasion of longer segments than acute trans-
verse myelitis; thus, its prognosis is worse. Hemorrhagic trans-
formation and necrosis have only been observed in LETM.8 
Similar to previously reported cases, our diagnosis was based 
on clinical manifestations, imaging, laboratory studies, and bi-
opsy.5,8-10 The majority of LETM cases in the literature received 
more than one form of immune therapy. Our patient was treat-
ed with intravenous methylprednisolone, IVIG, and TPE, as in 
previous reports. Some patients were additionally treated with 
rituximab, infliximab, or eculizumab. Notably, although our 
patient did not undergo these immunotherapies, her prognosis 
was not significantly different from that of previously reported 
cases. Despite a lack of supporting evidence, we treated our 
patient with repeated steroids, IVIG, and TPE. We expected 
this treatment to be effective as similar diseases in the same 
demyelinating disease spectrum as acute LETM, such as Guil-
lain-Barré Syndrome, use repeated steroid therapy, IVIG, and 
TPE.11-16

There are two possible mechanisms of pathogenesis related 
to the occurrence of acute LETM via infection with SARS-CoV-2. 

First, direct invasion and replication in spinal cord neurons of 
the SARS-CoV-2 virus itself is possible. The virus disseminates 
to the central nervous system (CNS) through angiotensin-con-
verting enzyme 2. Second, severe systemic disease or cytokine 
storm syndrome may have caused indirect injury to myelin. 
Post-viral immunological reaction to SAR-CoV-2 results in hy-
peractivity of innate immunity, with activation of inflammatory 
cells and overproduction of inflammatory cytokines, including 
interleukin 2, 6, 7, and 10, and tumor necrotizing factor-α, caus-
ing damage to myelin. Similar to most previously reported cases, 
our patient also displayed a delay in clinical symptoms, which 
occurred 2 weeks after COVID-19 infection.5,8 This suggests that 
the second mechanism was more likely in our case.

Although our patient showed negative results for autoim-
mune work-up, treatment with steroids and plasma exchange 
was effective. This indicated that the etiology may have been 
post-infectious as a secondary immunogenic overreaction in 
our case. Autoimmunity, mediated by excessive cytokine re-
lease and cross-reactivity between CNS components and viral 
particles, may lead to CNS damage. Moreover, autoimmunity 
mediated by the cross-reaction between viral particles and de-
myelination can result in acquired atypical demyelination.17 

There is an increasing number of reported cases of LETM re-
lated to COVID-19 across the globe. Most cases have been re-
ported in adults.9 This type of myelitis often progresses rapidly 
and involves poor prognosis. Untreated central or peripheral 
nervous system inflammation at a very young age can lead to 
long-term sequelae in many ways.18 Therefore, early diagnosis 
and treatment initiation are important. In addition, after the 
acute phase, rehabilitation treatment will help improve a pa-
tient’s quality of life.17 

In conclusion, we present the case of acute ascending hem-
orrhagic LETM associated with COVID-19 infection. Multiple 
courses of intravenous methylprednisolone and IVIG helped 
to improve motor and sensory function. However, residual 
neurological sequelae were unavoidable because of rapid and 
severe progression of the disease.

AUTHOR CONTRIBUTIONS
Conceptualization: Ha Neul Lee. Data curation: Ji Eun Yoo, Hoon-
Chul Kang, Joon Soo Lee, and Heung Dong Kim. Formal analysis: Ji 
Eun Yoo. Investigation: Ji Eun Yoo. Methodology: Ji Eun Yoo. Project 
administration: Ha Neul Lee. Supervision: Hui Jin Shin and Ha Neul 
Lee. Validation: Ji Eun Yoo. Visualization: Ji Eun Yoo. Writing—origi-
nal draft: Ji Eun Yoo. Writing—review & editing: Hui Jin Shin and Ha 
Neul Lee. Approval of final manuscript: Ha Neul Lee.

ORCID iDs
Ji Eun Yoo https://orcid.org/0009-0009-7801-4625
Hui Jin Shin https://orcid.org/0000-0002-1541-2564
Hoon-Chul Kang https://orcid.org/0000-0002-3659-8847
Joon Soo Lee https://orcid.org/0000-0001-9036-9343
Heung Dong Kim https://orcid.org/0000-0002-8031-7336
Ha Neul Lee https://orcid.org/0000-0002-3562-9402 

Fig. 2. Follow-up MRI of the spinal cord presents a newly noted small 
hemorrhagic component at levels C4–5 and T8–9. 
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