Published Ahead of Print on July 24, 2023 as 10.1212/WNL.0000000000207637

Neurology SRts oy
NEUROLOGYs

The most widely read and highly cited peer-reviewed neurology journal

The Official Journal of the American Academy of Neurology

Neurology Publish Ahead of Print
DOI: 10.1212/WNL.0000000000207637

Pearls and Oy-sters: MOG-AD Meningoencephalitis with Holoce atter Predominant
Myelitis

Author(s):
Nathan Shmuel Farkas, MD*; Rachel Zolno, MD?: Cristina M Gaudi MD?: Soe Mar, MD?
Corresponding Author:

Nathan Shmuel Farkas, nathan.farkas@gmail.com

Institute of Radiology, St. Louis, MO
Equal Author Contribution:

Contributions:
Nathan Shmuel Farkas: Dratfti
role in the acquisition of data;
Rachel Zolno: Drafting/revisio
Cristina M Gaudioso:
Ali Y Mian: Drafting/r script for content, including medical writing for content; Analysis or
interpretation of data
Soe Mar: Drafting/revisi
acquisition of data; Study

magiuscript for content, including medical writing for content; Major
tudy concept or design; Analysis or interpretation of data

f the manuscript for content, including medical writing for content; Major role in the
ncept or design; Analysis or interpretation of data

Figure Count:
2

Table Count:
0

Search Terms:
[ 45 ] Transverse myelitis, [ 132 ] Autoimmune diseases, [ 227 ] All Pediatric, [ 319 ] Cerebrospinal Fluid, MOGAD

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited



Acknowledgment:

Study Funding:
The authors report no targeted funding.

Disclosure:
The authors report no relevant disclosures.

Preprint DOI:

Received Date:
2022-09-09

Accepted Date:
2023-05-30

Handling Editor Statement:
Submitted and externally peer reviewed. The handling editor was Resident@énd Fello itor Ariel Lyons-

Warren, MD, PhD. )
Abstract [

Myelin oligodendryocyte glycoprotein antibody-associated disease (MOGAD) has been
implicated in a wide range of central nervous system encephalitis and myelitis presentations. We present a
previously healthy 16-year-old female who presented with acute onset headaches that rapidly progressed
to encephalopathy, flaccid paraparesis, lower extremity hyperreflexia, and urinary retention. Serial MRI
brain and total spine imaging demonstrated evolving diffuse supratentorial leptomeningeal enhancement
and holocord gray matter restricted T2 bright lesion without enhancement. CSF was markedly

inflammatory with MOG antibody positive >1:10000. The patient improved after empiric steroids, plasma
exchange and IVIG.

Pearls

e MOGAD can present with dramatic CSF pleocytosis and elevated opening pressure.

Oy-sters
e MRI findings may lag behind symptom development in MOGAD; consider repeating
imaging if initially negative.
e The owl/snake eyes and H signs exist on a spectrum of gray matter myelopathies not
limited to AFM, ischemia, or compressive lesions. Their presence should prompt
consideration of demyelinating disorders such as MOGAD and NMOSD.
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Case report

An athletic 16-year-old female with history of chronic sinus “problems” presented with two weeks of
progressive refractory headaches. She attributed her symptoms to “sinus headaches” which initially
improved with oral steroids, but headaches returned one week later with associated gait “wobbliness.”
She therefore presented to the emergency department where her exam was notable for nuchal rigidity. An
initial brain MRI with and without contrast was normal (not shown). A lumbar puncture (LP)
demonstrated 550 white blood cells (WBCs) (91% neutrophils), 20 red blood cells (RBCs), glucose of 44
(serum 84), and protein of 112 mg/dl. She received antibiotics and dexamethasone empirically for
meningitis, which were discontinued after meningitis PCR panel (Biofire Diagnostics, Salt Lake City UT)
and cultures returned negative.

On hospital day seven she developed transient hip pain followed by ascending paraparesis and urinary
retention. Repeat MRI brain and total spine with and without contrast on hospital day nine demonstrated
subtle leptomeningeal enhancement (Figure 1:A-C), but no cord lesions (spinal images not

available). Repeat LP demonstrated an opening pressure of 33mmHg. On hospital day ten she developed
confusion and was transferred to our tertiary care children’s hospital. Her transfer exam was notable for
bradycardia down to 49 beats per minute, nuchal rigidity, intermittent encephalopathy, left upper
extremity myoclonus, lower extremity weakness (0/5 on the left and 1/5 on the right), diffuse 3+ deep
tendon reflexes with 3-4 beats of ankle clonus bilaterally, diminished sharp discrimination in the bilateral
lower extremities, and urinary retention. Fundoscopy was negative for papilledema. Repeat contrasted
MRI brain and total spine on hospital day twelve demonstrated resolution of sulcal CSF signal non-
suppression (Figure 1: D,E) and a holocord, gray matter predominant, T2 hyperintensity without contrast
enhancement extending from the cervicomedullary junction to lumbosacral junction (Figure 2: A-C).
Continuous EEG demonstrated frontal intermittent rhythmic delta activity. Repeat LP revealed an
opening pressure of 15mmHg, 290 WBCs (65% lymphocytes), 0 RBCs, glucose of 55 (serum 100), and
protein of 100. Oligoclonal bands, flow cytometry and cytology were negative. An extensive infectious
evaluation for viral causes, including Enterovirus D68 (EV-D68), fungal, mycobacterial and arthropod-
born illnesses, was negative. Rheumatologic workup was notable for a negative ENA, ANA titers of
1:320, indeterminate p-ANCA, normal complement 3 and 4 levels, and negative dsDNA.

The patient received a 5-gram course of IV methylprednisolone followed by an oral taper. Her
encephalopathy improved; however, given persistent weakness and high suspicion for an antibody-
mediated process, she underwent seven plasma exchange procedures. After procedure three, previously
drawn serum myelin oligodendrocyte glycoprotein (MOG) IgG returned positive (1:10,000). Aquaporin-4
(AQP4)-1gG was negative. Given her high MOG-IgG titer and severe presentation, she was started on
monthly IV immune globulin. After two weeks of inpatient rehabilitation she had a mildly wide-based
gait and intermittent urinary incontinence, which improved at one year follow-up. Repeat MOG-IgG one
month after initial testing remained elevated (1:1,000). Follow-up MRI brain and spine with and without
contrast three months after discharge demonstrated partial resolution of her spinal lesion and normal brain
(Figure 1:F, Figure 2:D,E).
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Discussion

MOGAD is an inflammatory demyelinating disorder of the central nervous system which presents with
broad phenotypic diversity. Characteristic presentations include acute disseminated encephalomyelitis
(ADEM), transverse myelitis (TM), and/or optic neuritis (ON). However, multifocal, brainstem
syndromes, unilateral or diffuse cortical encephalitis, meningitis, and leukodystrophy-like presentations
have also been described. Attacks are often preceded by an infectious prodrome, such as the sinusitis
reported in our patient’. The disease course may be monophasic or relapsing, with a monophasic course
being reported in greater than 80% of pediatric MOGAD cases®.

ADEM is the predominant phenotype in children, while myelitis is more common in adults®. Our patient
presented with non-ADEM meningoencephalitis and myelitis, which is a rare phenotype®. In an
observational study looking at 116 pediatric patients with MOGAD-IgG positivity, only 8% had myelitis
with concurrent brain MRI abnormalities and 11% had myelitis with ON°. Another study reviewed 54
pediatric/adult patients with MOG-1gG associated myelitis, finding 22% had a multifocal presentation
(17% with ADEM and 5% with ON)?. Typical brain MRI findings in MOG-IgG associated ADEM
include predominance of cortical and deep gray matter T2/FLAIR lesions, the locations of which are
variable®. Bilateral thalamic lesions are commonly seen in pediatric patients with MOG-associated
ADEM"®, Leptomeningeal enhancement is also a distinct phenotype in MOGAD®. Longitudinally
extensive transverse myelitis (LETM) is a common presentation of MOGAD’. TM alone has a broad
differential, including sarcoidosis, paraneoplastic myelopathy, idiopathic TM, MS, NMOSD with
AQP4Ab, AFM, and MOGAD?. Relative to alternative demyelinating diagnoses such as NMOSD or MS,
MOG-Ab positive TM tends to involve T2 signal abnormality restricted to the gray matter®. This pattern
of gray matter predilection presents itself as a T2 sagittal line and axial “H” sign .

The initial spinal MRI was normal for our patient; however, repeat imaging demonstrated myelitis (Figure
2:A-C). Similarly, her initial brain MRI was normal, and serial imaging demonstrated only subtle
incomplete FLAIR sulcal fluid non-suppression with corresponding leptomeningeal enhancement (Figure
1:A-C). This discordance between the severity of clinical presentation and MRI findings is not
uncommon. Initial normal neuroimaging should not rule out an inflammatory demyelinating process such
as MOGAD when there is high clinical suspicion, as studies have shown that the first brain MRI can be
normal in up to 55% of patients with cerebral involvement®. Pediatric patients with spinal involvement
had abnormal initial spinal MRI only 27% of the time®. If initial imaging is normal, follow up imaging is
crucial when clinical suspicion for an inflammatory process is high.

Our patient’s clinical picture was severe, with development of lower extremity paralysis and autonomic
dysfunction. Involvement of the conus in MOG-IgG related TM leads to higher risk of long term
autonomic and motor disability™. Despite the severity of presentation, her three-month follow-up imaging
demonstrated resolution of her brain MRI abnormalities and near resolution of her MRI spine
abnormalities. This radiologic improvement at follow up is typical of MOGAD™.

Any diagnosis of acute CNS dysfunction should raise the suspicion for infectious etiologies such as West
Nile virus, varicella zoster virus (VZV), herpes simplex virus (HSV), human T-lymphocytic virus
(HTLV), or human immunodeficiency virus (HIV), in addition to seasonal viruses®. Given our patient’s
presentation of TM with acute flaccid paralysis and MRI finding of spinal cord lesions restricted to the
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gray matter tract, acute flaccid myelitis (AFM) secondary to a viral etiology was an important diagnostic
consideration®®. With recent outbreaks of EV-D68 associated AFM (2014, 2016, and 2018), appropriate
testing for this pathogen was indicated. As MOGAD can meet clinical criteria for and mimic AFM?,
distinguishing between these two diagnoses is key for appropriate management and prognosis®. The exam
informs the distinction between MOG-associated TM and AFM; whereas AFM leads to areflexia,
asymmetric flaccid weakness, and lack of sensory involvement, MOGAD typically presents with
hyperreflexia, symmetric weakness, and sensory involvement as was evident in our patient. In addition,
our patient’s encephalopathy prompted concern for MOGAD, as cerebral involvement would be
unexpected in AFM.

Without randomized clinical trials, treatment of MOGAD is guided by observational studies and expert
consensus™®. MOG-IgG titers may take several days to return; therefore, empiric treatment must be
initiated promptly when clinical suspicion is high to minimize residual symptoms™*. The recognition of
clinical, MRI, and CSF patterns of MOGAD is therefore paramount. Expert opinion recommends the use
of high-dose IV corticosteroids in management of the acute phase®*3. For severe cases or cases refractory
to treatment with steroids, plasma exchange and 1VIG may be used”**. While most pediatric cases are
monophasic and respond well to acute therapies, relapsing disease can increase the risk of long-term
neurologic deficit>**. Some reported factors associated with pediatric relapsing disease include persistent
MOG-1gG positivity, older age, and ON phenotype. In one prospective cohort study of pediatric
MOGAD patients, relapse was more common in those with persistent seropositivity over a median of four
years (56%) versus those who had seronegative status (31%)>. No consensus exists on maintenance
therapy in MOGAD; however, maintenance immunotherapy has been shown to reduce relapse, with IVIG
associated with the lowest annualized relapse rate in one large multicenter study™. As our patient
presented with high MOG-IgG titers, severe presentation, and poor initial recovery of her paraparesis and
encephalopathy, she met criteria for a severe phenotype. Therefore, the decision was made to continue
monthly IVIG for 2 years of treatment followed by clinical reevaluation and repeat titers, per EU pediatric
MOG consortium consensus treatment guidelines™.
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Figure 1: Brain MRI images
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Figure 2: Spinal SR MRI i
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MRI spine images from hospital day 12 including (A) Axial T2 showing areas of diffuse,
multifocal, patchy intramedullary grey matter predominant T2 prolongation (orange arrow) and
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“snake eyes sign” (green arrow) from the cervicomedullary to the lumbosacral junction and (B,
C) Sagittal T2/STIR view demonstrating longitudinally extensive holocord lesion (pink arrows),
as well as distended neurogenic bladder (C. red arrow).

Follow-up sagittal T2/STIR MRI spine at three months (D,E) showing partial improvement of
lesion.
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