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ABSTRACT

Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is an inflammatory
central nervous system disease that is driven by antibodies of the immunoglobulin G1 class.
MOGAD has recently been recognized as an autoimmune disease; therefore, little is known

about its rehabilitation. Here, we present a case of MOGAD that showed significant recovery

after rehabilitation. A 58-year-old woman developed weakness in all extremities, dysarthria, and
dysphagia. She visited the neurology department, and early brain and spine magnetic resonance
imaging showed multifocal high intensity in the subcortical and periventricular white matter and
the cervical cord. The patient's serum tested positive for anti-MOG antibodies. She was diagnosed
with MOGAD and received intravenous steroid pulse therapy. After pharmacologic therapy, the
patient was transferred to the rehabilitation department. Initially, her Functional Independence
Measure (FIM) motor score was 26, allowing her to stand independently for only a few seconds.
After 5 weeks of rehabilitation involving physical therapy, occupational therapy, and balance
training, her FIM motor score improved to 60. However, 4 months after discharge, the disease
relapsed with symptoms of motor weakness in all extremities, and steroid treatment was initiated.
On the second admission, her FIM motor score was 42, but after continuous multidisciplinary
rehabilitation, it improved to 76. Computerized cognitive therapy improved her cognitive
function, from a Korean version of the Mini-Mental State Examination score of 23 on the first
admission to 30 on final discharge. Since MOGAD is a relapsing disease, a favorable outcome can
be achieved with continuous monitoring and multidisciplinary, symptom-specific rehabilitation.

Keywords: Myelin-Oligodendrocyte Glycoprotein; Demyelinating Diseases; Rehabilitation;
Recurrence; Functional Status

INTRODUCTION

Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is distinct from
other neuroinflammatory disorders such as multiple sclerosis (MS) or AQP4-associated
optic neuromyelitis spectrum disorder and has a relatively mild disease course. Myelin
oligodendrocyte glycoprotein (MOG) is a central nervous system (CNS)-specific integral
membrane protein that is expressed only in the myelin sheath and plasma membrane

of oligodendrocytes [1]. Serological antibodies against MOG mediate T cell activation
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and signal natural killer cells to kill MOG-expressing cells [2]. Therefore, MOGAD is an
inflammatory, demyelinating condition of the CNS.

MOGAD shows a monophasic or recurrent course of neurological dysfunction and presents
various symptoms due to CNS demyelination, each of which is seen at different frequencies.
Optic neuritis is the predominant phenotype (41%—63%), followed by longitudinally
extensive transverse myelitis (29%—31%), neuromyelitis optica (6%—24%), and acute
disseminated encephalomyelitis (ADEM) (2%—-6%) [3]. The clinical phenotypes of MOGAD
are age-dependent; ADEM occurs more frequently in children, whereas optic neuritis and
myelitis are more common in adults [4].

The clinical phenotype can vary from benign to fulminant, and due to the small patient
population, proper rehabilitation for MOGAD has not been fully established thus far. Here,
we present a case of a patient with repeated relapse and remission after MOGAD diagnosis,
whose condition was significantly improved through multidisciplinary rehabilitation.

CASE REPORT

A 58-year-old woman was admitted to the hospital emergency room for recurrent falls due to
weakness in all extremities, dysarthria, and dysphagia that began 2 months prior. The first
symptoms started 8 years ago, but they worsened and improved about once or twice a year.
Despite being hospitalized at every occurrence of the symptoms, the patient could not obtain
an accurate diagnosis. She was then admitted to our hospital for the first evaluation.

When the patient was first admitted to the Department of Neurology, the neurologist assessed
her initial strength using the Medical Research Council (MRC) scale, scoring 1 for her right
deltoid, biceps, gluteus and quadriceps femoris muscles, 3 for the left deltoid and biceps
muscles, and 2 for her left gluteus and quadriceps femoris muscles. The bilateral biceps and
patella showed hyperactive tendon reflexes. Hoffman signs, Babinski signs, and ankle clonus
were observed on both sides. There were no specific findings on the cerebrospinal fluid
(CSF) test, and the anti-AQP4 antibody specific for optic neuritis and the CSF oligoclonal
band test specific for MS were negative. The absence of optic neuritis was confirmed by
ophthalmic examination through ophthalmology consultation. The patient's serum was also
seropositive for anti-MOG antibody in a live cell fluorescence-activated cell sorting assay.
Initial brain magnetic resonance imaging (MRI) showed multifocal T2 hyperintense lesions
in the subcortical and periventricular white matter and brainstem (Fig. 1A). Initial spine MRI
revealed multifocal T2 high signal intensity in the spinal cord at C1-2, C2-3, C5-6, and C7-T1
levels, suggesting demyelination disease (Fig. 2A). MOGAD was diagnosed after excluding
other CNS inflammatory diseases according to the brain and spine MRI findings, CSF

study, serum anti-body study, and clinical features. Based on the diagnosis of MOGAD, oral
prednisolone and azathioprine were administered as maintenance therapy after intravenous
steroid pulse therapy. After the initial steroid therapy, follow-up brain MRI showed
significantly decreased T2 hyperintense lesions in the brain (Fig. 1B). On spine MRI, the T2
high-signal intensity lesion of the cervical cord had disappeared (Fig. 2B).

A month after admission to the neurology department, the patient was transferred to our

department for rehabilitation. The patient initially showed motor weakness and functional
impairment; she could stand independently for only a few seconds. Table 1 shows the initial
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Fig. 1. (A) Brain MRI at first admission showing multifocal hyperintense lesions in the cortical, subcortical,
periventricular white matter (arrows) and brainstem on a T2-weighted image. (B) Two-week follow-up brain

MRI showing significantly decreased hyperintense lesions in the cortical, subcortical, periventricular white
matter (arrowheads) and brainstem on a T2-weighted image after steroid therapy. (C) Brain MRI at second
hospitalization (7 months after the first brain MRI) revealing newly developed tiny active lesions in bilateral white
matter (arrowheads) on a T2-weighted image.

MRI, magnetic resonance imaging.

evaluation of muscle power measured on the MRC scale, Functional Independence Measure
(FIM) score, and the Korean version of the Mini-Mental State Examination (K-MMSE) at

the time of transfer. The patient's FIM score was 55, and the motor FIM score was 26 at the
time of the initial evaluation. The patient's initial K-MMSE score was 23, with impaired
time orientation, recent memory, calculation, and visual construction. The patient received
physical therapy, occupational therapy, balance training, and strengthening with equipment
twice a day for 30 minutes each, 5 times a week. Computerized cognitive therapy was

also provided. At the time of first discharge from our department, the patient showed
improvement in motor and functional levels and could walk on her own using an anterior
walker. The patient's total and motor FIM scores improved, and her cognitive function also
improved to a K-MMSE score of 30 points (Table 1). Dysarthria and dysphagia also improved,
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Fig. 2. (A) Cervical spine MRI at first admission revealing multifocal high signal intensity in the spinal cord at
C1-2, C2-3, C5-6, and C7-T1 levels (arrows) on a T2-weighted image. (B) Seven-week follow-up cervical spine MRI
showing that the signal in the cervical cord after steroid therapy disappeared. (C) Cervical spine MRI at second
hospitalization (7 months after the first spine MRI) showing no significant signal change or enhancement.

MRI, magnetic resonance imaging.

Table 1. Muscle power measured using the Medical Research Council scale, FIM, and K-MMSE scores of the
patient at first and second admissions

Characteristics First admission  First discharge Second admission Second discharge
Muscle power

Upper extremities (right/left) (0-5) 3/4 3/4 3/3 4/4

Lower extremities (right/left) (0-5) 3/3 4/4 3/4 4/4
FIM score

Total (range: 18-126) 55 93 67 108

Motor (range: 13-91) 26 60 42 76
K-MMSE (0-30) 23 30 27 30

FIM, Functional Independence Measure; K-MMSE, Korean version of the Mini-Mental State Examination.

along with motor symptoms. The patient was discharged and followed-up on an outpatient
basis. One month after discharge, she was able to walk independently even on the ground
and perform household chores.

However, 4 months after discharge, symptoms of dragging in the right foot, weakness in

the right hand, and dysarthria recurred. Decreased muscle strength and impaired functional
levels were detected in the outpatient rehabilitation clinic. She was re-admitted to the
neurology department of our hospital for re-evaluation. Brain MRI revealed newly developed
tiny active lesions of anti-MOG encephalitis in the bilateral white matter (Fig. 1C). Spine
MRI showed no significant T2 high-intensity lesions in the spinal cord (Fig. 2C). Anti-MOG
antibody tests also showed persistent seropositivity. Based on the diagnosis of MOGAD
recurrence, intravenous steroid pulse therapy was initiated.

Considering the fast recovery rate of MOGAD, the patient was transferred to the
rehabilitation department within a week of admission and began early rehabilitation
treatment. As her gait function deteriorated, she could only walk with the support of a
caregiver holding both hands. The right foot clearance was decreased, and a weakened right
ankle dorsiflexor and genu recurvatum were noted. Her FIM score was 67 and her motor FIM
score was 42, which was lower than that at the time of the previous discharge. Her K-MMSE
score was 27, with mildly impaired calculation (Table 1). Gait training and strengthening
continued considering the previous speed of recovery. At the second discharge after 4 weeks
of intensive rehabilitation, the patient's muscle strength and functional level improved
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significantly. She was able to walk independently using a cane intermittently, with a FIM
score 0f 108 and a motor FIM score of 76. Her cognitive impairment also improved, with a
K-MMSE score of 30 (Table 1).

DISCUSSION

We present the case of a patient with MOGAD who was diagnosed after repeated symptom
recurrence and remission for several years, whose condition improved significantly through
customized rehabilitation treatment for each symptom.

MOGAD presents with a combination of optic neuritis and transverse myelitis with brain
lesions consistent with ADEM, commonly involving the brainstem [5]. Spinal cord involvement
and ADEM were also observed in our case, but without optic neuritis. The disease course of
MOGAD can be monophasic, relapsing, and remitting. Recurrent MOGAD is associated with
old age, female sex, persistence of MOG-immunoglobulin G seropositivity, severe cognitive
deficits, persistent seizures, and certain MRI findings [5,6]. On brain MRI, poorly demarcated,
sparse lesions (< 3) located infratentorially in the brainstem and cerebellar peduncles are
typically seen in MOGAD [7]. MOGAD can involve white matter, gray matter, or both [8]. Our
patient had encephalitis with involvement of the white matter and brainstem.

As MOGAD is the newest member of the antigen-specific autoimmune diseases of the

CNS and presents with a wide variety of clinical manifestations, limited information is
available regarding its mode of rehabilitation. In studies on patients with MS, another
neuroinflammatory disease, multidisciplinary rehabilitation has been performed for

multiple deficits (motor, sensory, cognitive, behavioral, and communication problems)
[9-11]. Rehabilitation was performed in patients with MOGAD with reference to existing MS
rehabilitation studies, based on the fact that they both relapse and remit neuroinflammatory
diseases [9,10,12]. However, there are differences in the clinical features between MOGAD
and MS, which are summarized in Table 2 [13-20]. Unlike MS, MOGAD has less occurrence of
sensory impairment and a higher relapse rate with shorter intervals between attacks, as well

Table 2. Characteristics of patients with MOGAD and MS

Characteristics MOGAD MS
Demographics
Median age at onset (yr) 31-37 20-30
Female sex 63%-74% 70%~75%
Clinical presentation at onset
Optic neuritis 60%-74% 15%-20%
Bilateral optic neuritis 35%-41% 0%-1%
Myelitis 18%-23% < 1%
Brain stem encephalitis 8%-14% <1%
Sensory impairment <1% 28%
Prognosis
Annualized relapse rate, median (range) 0.83 (0.05-6.92) 0.25 (0.10-1.18)
Recovery time (mon) <1 2-12
Interval between first and second attacks (mon), median (range) 3.6 (0.5-182.0) 17.0 (1.9-152.1)
Treatment
Acute treatment IV steroid, plasma IV steroid, IFNB, GA
exchange, IVIG
Maintenance treatment Azathioprine, low- Fingolimod,
dose prednisone teriflunomide

MOGAD, myelin oligodendrocyte glycoprotein antibody-associated disease; MS, multiple sclerosis; IV,
intravenous; IVIG, intravenous immunoglobulin; IFNB, interferon beta; GA, glatiramer acetate.
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as a shorter recovery time. While recovery from MS takes 2—3 months to a maximum of 12
months, it generally takes only a few weeks in MOGAD [13,19,21].

First, considering the similarities between MOGAD and MS, exercise intensity and frequency
were determined according to previous studies [9,10,12]. In patients with MS, 30 minutes of
moderate-intensity aerobic exercise and strength training for major muscle groups has been
shown to reduce fatigue, improve mobility, and improve health-related quality of life [9,10,12].
Therefore, our patient received moderate-intensity physical therapy for 30 minutes, twice

a day, 5 times a week for 4 weeks at each admission. Aerobic exercises such as walking and
cycling were also performed daily with an intensity of 2—3 ratings of perceived exertion on the
Borg scale, which is a light to moderate-intensity aerobic activity [9]. Strengthening exercises
were performed 2-3 times per week, at an intensity of 10 to 12 repetitions maximum (RM)

(up to 70%-80% of 1 RM) [9]. Cognitive training was also performed. Previous studies have
shown that computer-assisted cognitive rehabilitation improves cognitive abilities and induces
changes in brain function connections in patients with relapsing—remitting MS [11]. Therefore,
we conducted computer-assisted cognitive rehabilitation for the patient 30 minutes each, 5
times a week for a total of 4 weeks. The K-MMSE score improved at final discharge through
combined occupational therapy and computer-assisted cognitive rehabilitation.

Second, considering the different clinical aspects of MOGAD and MS, and the faster

recovery rate of MOGAD, the rehabilitation therapy of our patient focused on early strength
recovery and early functional improvement through gait training. Walking aids such as an
anterior walker, quad cane, and mono cane were serially used for early mobilization of the
patient. In addition, since MOGAD rarely shows sensory impairment, occupational therapy
focused more on performance of daily activities and cognitive therapy rather than sensory
stimulation. After 4 weeks of customized multidisciplinary rehabilitation, improved mobility,
strength, functional outcomes, and reduced fatigue were observed, which ultimately
improved her quality of life.

While the patient showed significant overall improvement, it was difficult to fully determine
whether the improvement was due to the effect of steroid therapy or rehabilitation treatment.
To date, there have been no randomized controlled trials comparing steroid monotherapy
with rehabilitation monotherapy in patients with MOGAD or MS. However, there was
arandomized controlled trial comparing steroid monotherapy with a combination of

steroid and rehabilitation therapy in patients with MS, and there was a more significant
improvement in the activity profile and functional level in the combination therapy group
[22]. Therefore, it can be assumed that rehabilitation treatment will induce additional
beneficial effects in patients with MOGAD. However, it cannot be considered as the effect of
rehabilitation treatment alone, and this remains a limitation of this study.

Although MOGAD has a high recurrence rate in the short term, there is still a lack of
consensus on the proper treatment regimen to prevent recurrence. Previous studies have
suggested that continuous administration of oral steroids and immunosuppressants are
helpful. Therefore, in the case of relapsed patients, it is necessary to combine continuous
drug treatment and customized rehabilitation treatment for functional recovery. In the

UK cohort, post-onset motor recovery was complete or good in 78%, but 28% maintained
permanent bladder dysfunction, 21% maintained erectile dysfunction, 20% maintained
bowel dysfunction, and 16% maintained decreased visual acuity [23]. Therefore, patients and
caregivers should be educated about the course and symptoms of the disease known from

https://doi.org//10.12786/bn.2022.15.€9 6/8
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previous studies, and if symptoms worsen after discharge, they should be instructed to visit
the hospital immediately to check for recurrence.

In addition, in order to diagnose a patient with a disability through regular follow-up, such as a
patient with relapsing MS, it is thought that it should be performed 6 months after the onset of
the disease because the symptoms do not fully recover. In addition, since MOGAD patients have
a higher recurrence rate and faster recovery than MS patients, physicians will need to consider
disability diagnosis based on more medical knowledge and clinical experience in the future.

In conclusion, MOGAD has a diverse clinical phenotype and disease course of relapse

and remission. After comprehensive rehabilitation therapy, the prognosis of our patient

was favorable with respect to muscle strength, functional ability, and cognitive function.
Therefore, continuous monitoring for recurrence and a multidisciplinary, symptom-specific
approach are required. In addition, the physiatrist should continuously follow up the patient
after acute inpatient rehabilitation to monitor compliance to previous treatment regimen
and outpatient exercise program to reduce the risk of recurrence, check muscle weakness and
functional deterioration, and provide education to patients and caregivers.
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