CASE REPORT

Invasive Multimodality Neuromonitoring to
Manage Cerebral Edema in Pediatric Myelin
Oligodendrocyte Glycoprotein Antibody-

Associated Disease

BACKGROUND: Myelin oligodendrocyte glycoprotein antibody-associated di-
sease (MOGAD) is an inflammatory disorder of the CNS with a variety of clinical
manifestations, including cerebral edema.

CASE SUMMARY: A 7-year-old boy presented with headaches, nausea, and
somnolence. He was found to have cerebral edema that progressed to brainstem
herniation. Invasive multimodality neuromonitoring was initiated to guide manage-
ment of intracranial hypertension and cerebral hypoxia while he received empiric
therapies for neuroinflammation. Workup revealed serum myelin oligodendrocyte
glycoprotein antibodies. He survived with a favorable neurologic outcome.

CONCLUSION: We describe a child who presented with cerebral edema and was
ultimately diagnosed with MOGAD. Much of his management was guided using data
from invasive multimodality neuromonitoring. Invasive multimodality neuromonitoring
may have utility in managing life-threatening cerebral edema due to neuroinflammation.

KEYWORDS: brain tissue oxygenation; cerebral edema; intracranial
hypertension; myelin oligodendrocyte glycoprotein antibody-associated disease;
neuroinflammation; neuromonitoring

BACKGROUND

Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD)
is a neuroinflammatory disorder with a range of clinical phenotypes, including
optic neuritis, acute disseminated encephalomyelitis (ADEM), transverse my-
elitis, and cerebral encephalitis. Cerebral inflammation due to MOGAD puts
patients at risk for cerebral edema, intracranial hypertension, and cerebral is-
chemia. MOGAD typically responds to corticosteroids. IV immunoglobulin
(IVIG) or plasmapheresis can be beneficial in severe disease.

Invasive multimodality neuromonitoring provides continuous measure-
ments of intracranial pressure (ICP) and brain tissue oxygenation (Pbto,),
identifying perturbations in cerebral physiology that, when addressed, can pre-
vent secondary brain injury. Although invasive multimodality neuromonitor-
ing is most commonly used in patients after traumatic brain injury (TBI), it
has been successfully employed in acute nontraumatic neurologic conditions
causing cerebral edema in adults and children (1-3). Importantly, elevated ICP
and low Pbto, have been shown to occur exclusive of one another and are in-
dependently associated with poor outcomes (1, 4-6). To our knowledge, there
have been no prior reports of invasive multimodality neuromonitoring used to
guide management of elevated ICP and brain tissue hypoxia in MOGAD.
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Question: Does invasive multimodality neuro-
monitoring have utility in the management of
myelin oligodendrocyte glycoprotein (MOG) anti-
body-associated disease?

Findings: We describe a child with MOG anti-
body-associated disease who presented with life-
threatening cerebral edema and received invasive
multimodality neuromonitoring. The physiologic
data provided by the monitor allowed episodes
of increased intracranial pressure and/or cerebral
tissue hypoxia to be promptly and aggressively
treated to prevent progression to irreversible brain
injury. The child additionally received immunomod-
ulatory therapies and had a favorable neurologic
outcome.

Meaning: This management reflects adaptation
of invasive multimodality neuromonitoring to treat
an entity distinct from pediatric traumatic brain in-
jury that causes severe cerebral edema.

. J

We describe a previously healthy child who devel-
oped diffuse cerebral edema and symptoms of uncal
and brainstem herniation. Invasive multimodality
neuromonitoring was employed to guide clinical care,
allowing for episodes of increased ICP and/or low
Pbto, to be treated to prevent progression to irrevers-
ible neurologic injury. Diagnostic workup revealed a
diagnosis of MOGAD, and he was treated with immu-
nomodulatory therapy. The patient made a remarkable
recovery.

CASE SUMMARY

A 7-year-old previously healthy boy presented with 6
days of headache, somnolence, and fever. On the day
of presentation to an outside institution, he became
unarousable and was intubated in the emergency de-
partment. His initial head CT scan was normal. A
lumbar puncture had an opening pressure exceeding
39cm H,O and cerebral spinal fluid studies were no-
table for a lymphocytic pleocytosis (WBCs 28 cells/
uL, 68% lymphocytes). He was initially admitted to
the PICU at the outside institution and received anti-
microbials and methylprednisolone for presumed
meningitis and vasculitis, respectively. Four days
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following his presentation, he developed anisocoria
with an unreactive left pupil, decerebrate posturing,
and loss of cough and gag reflexes. CT angiography
revealed concern for diffuse cerebral edema (Fig. 1A4),
at which time he was transferred to our institution. On
arrival, his neurologic examination was unchanged.
He was administered hypertonic (3%) saline and sed-
ative medications, was hyperventilated, and had the
head of bed raised to 30 degrees, which restored left
pupillary reactivity and cough and gag reflexes. He
was also given dexamethasone for cerebral edema.
Invasive ICP (Camino; Natus Global, Middleton, WI)
and Pbto, (Licox; Integra LifeSciences, Princeton, NJ)
intraparenchymal neuromonitors were placed the day
of admission. High-resolution continuous monitor
data was synchronized and recorded using a Moberg
Component Neuromonitoring System (Moberg
Research, Inc., Ambler, PA). Figure 1, B and C, dem-
onstrates diffuse cerebral edema on the day of admis-
sion to our institution and confirms intraparenchymal
monitor placement on CT scan.

We adapted our ICP and Pbto, management strategy
from our institution’s guidelines on pediatric TBI (7-
9). For example, we chose a higher cerebral perfusion
pressure (CPP) goal (60 mm Hg) than suggested in the
clinical pathway due to his size (55kg). Upon placing
the monitors, ICP was low (< 10 mm Hg), presumably
due in part to hyperventilation with subsequent cere-
bral vasoconstriction. We titrated ventilator settings to
normocarbia without causing elevated ICP. After the
Pbto, monitor had calibrated, we confirmed adequate
Pbto,. Within the first several hours of neuromonitor-
ing, the patient developed elevations in ICP greater
than or equal to 20 mm Hg (> 5min) and/or decreases
in CPP less than 60 mm Hg. These perturbations were
treated successfully with boluses of hypertonic (3%)
saline and/or analgesic or sedative medications. The
patient also experienced episodes of Pbto, less than
15mm Hg (> 5min), which were treated with increased
supplemental oxygen. Within 24 hours of therapies
titrated to the above targets, the patient’s anisocoria re-
solved and he regained cough and gag reflexes. Due to
concern for a neuroinflammatory process upon review
of the outside hospital MRI, high-dose methylprednis-
olone was initiated 24 hours and plasma exchange 48
hours after admission.

Over the subsequent week, multimodality neuro-
monitoring demonstrated episodes of cerebral tissue
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Figure 1. Brain imaging. A, Preadmission CT angiography demonstrating narrowing of the lateral ventricles and sulcal effacement. B, CT
head obtained the day of admission to our institution demonstrating patchy areas of hypoattenuation involving the white and gray matter
of the entire brain parenchyma and sulcal effacement. C, CT head showing intraparenchymal monitor placement. D, T2/fluid-attenuated
inversion recovery (FLAIR) image showing extensive confluent areas of hyperintensity with diffuse cerebral edema, affecting the

bilateral cortex and deep gray matter, including the bilateral thalami. E, Diffusion weighted imaging and (F) apparent diffusion coefficient
demonstrating multifocal areas of restricted diffusion corresponding with areas of T2/FLAIR hyperintensity primarily in the bilateral

cortex and left lentiform nucleus.

hypoxia when the ICP was within goal range (Fig. 2A).
At other times, there were episodes of elevated ICP
while the Pbto, was within goal range (Fig. 2B). There
were further episodes in which elevations in ICP and
cerebral tissue hypoxia were simultaneously observed
(Fig. 2C). These data allowed us to optimize one or
both variables while monitoring for and minimizing
risk of harm. For instance, during episodes of cere-
bral tissue hypoxia with normal ICP, adjustments to
the ventilator were made to achieve mild hypercarbia,
promoting increased cerebral blood flow and oxygen
delivery without causing a rise in ICP. In one instance
of cerebral tissue hypoxia persisting despite increasing
the F10, up to 60%, and in the setting of atelectasis on
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chest radiograph, positive end-expiratory pressure was
increased while ensuring ICP did not concomitantly
rise due to decreased cerebral venous drainage. We
continued to employ analgesia and sedation, including
bolus ketamine, and were able to avoid neuromus-
cular blockade almost entirely. Induced hypernatre-
mia was continued only long as physiology responded
to and required it. Importantly, perturbations of ICP
and/or Pbto, were not due to seizures, as confirmed
via continuous electroencephalography (discontinued
hospital day 9 with no seizures captured). Based on
improvements in the child’s examination and trends in
ICP and Pbto,, the neuromonitors were removed after
1 week.
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Figure 2. Intracranial pressure (ICP) and brain tissue oxygenation (Pbto,) monitoring. Selected invasive multimodality neuromonitoring
data. Interventions are marked by colored arrows (green represents increase in Fio,; red, hypertonic 3% saline; blue, pentobarbital).

A, On hospital day 5, the patient had a decrease in Pbto, less than 15 mm Hg without a concurrent increase in ICP. Fio, was increased
resulting in improved Pbto,. B, On hospital day 4, the patient had an increase in ICP greater than or equal to 20mm Hg without a
decrease in Pbto, below our threshold for intervention. Hypertonic 3% saline followed by pentobarbital were administered resulting in
improved ICP. C, On hospital day 3, the patient had a simultaneous increase in ICP greater than or equal to 20 mm Hg and decrease in
Pbto, less than 15 mm Hg. Hypertonic 3% saline followed by pentobarbital were administered in response to increased ICP, resulting in
improvement. Simultaneously, Fio, was increased in response to decreased Pbto,, resulting in improvement.

With regard to diagnosis, infectious and metabolic
studies were unrevealing. Brain MRI was repeated,
revealing extensive confluent T2/fluid-attenuated in-
version recovery hyperintense lesions with multifocal
areas of restricted diffusion (Fig. 1D-F). One week
following admission, serum myelin oligodendrocyte
glycoprotein (MOG) antibodies were detected at a
high titer, confirming a diagnosis of MOGAD. He
received IVIG and tocilizumab (an interleukin-6 re-
ceptor antagonist) with further improvements in his
neurologic examination, including purposeful move-
ments and response to commands. He was extubated
on hospital day 17. He continued to improve during
his 2-month inpatient hospital and rehabilitation ad-
mission and was able to return to school following
discharge. One year after his MOGAD attack, he had
fully recovered his swallowing ability and gross and
fine motor skills and could independently perform ac-
tivities of daily living, with some residual deficits in
speech and language.

The patient’s parents, who are his legal guardians,
provided written informed consent for the publication
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of this case. A complementary case series discussing
immunomodulatory therapies in pediatric MOGAD
was recently published (10).

DISCUSSION

We report the first case to our knowledge of pe-
diatric MOGAD managed with both invasive ICP
and Pbto, monitoring. While severe cerebral edema
is not a common feature of MOGAD, it has previ-
ously been reported in both children and adults.
Table 1 describes published cases, including med-
ical and surgical management and patient outcomes
(11-14). There are also reports of severe cerebral
edema in cases of ADEM without MOG antibodies
or for which MOG status was not tested or reported.
Among reported cases of ADEM with significant ce-
rebral edema, some patients received standard med-
ical therapy alone, whereas others received invasive
monitoring for directed ICP management (15, 16).
Severe cases requiring decompressive hemicraniec-
tomy have also been reported (17-20). In these cases,
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it is unclear whether injury to the brain derives pri-
marily from the burden of inflammatory disease or
secondary injury due to elevated ICP and resultant
ischemia. This patient presented with cerebral edema
and clinical herniation syndromes that were initially
of unclear etiology. The decision to place invasive
neuromonitors was collaborative between pediatric
critical care and pediatric neurosurgery based on di-
sease severity, potential for reversibility (regaining of
brainstem reflexes with initial ICP lowering thera-
pies), and absence of contraindications (thrombo-
cytopenia, coagulopathy, local infection). Although
data are sparse for use of this technology outside
of TBI, we anticipated that a tailored approach to
treating increased ICP and cerebral hypoxia could
minimize secondary neurologic injury, as well as iat-
rogenic effects of therapies used to treat increased
ICP (e.g., hyperventilation, neuromuscular blockade
[21, 22], and hypernatremia/hyperchloremia [23]).
Furthermore, growing appreciation for the potential
role for invasive neuromonitoring in neuroinflamma-
tory disease is reflected in the proposed best practice
recommendations by the Autoimmune Encephalitis
Clinicians Network, which advises consideration in
cases with severe edema (24).

CONCLUSION

We report a pediatric MOGAD patient with severe
cerebral edema and herniation syndromes who had a
favorable neurologic outcome following invasive mul-
timodality neuromonitoring and immunomodulatory
therapies. While further studies are needed, clinicians
may consider invasive multimodality neuromonitor-
ing to guide medical management in cases of MOGAD
with significant cerebral edema.
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