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Abstract

Background and Objectives

Elevated intracranial pressure (ICP) in myelin oligodendrocyte glycoprotein (MOG)
antibody-associated disease (MOGAD) has been largely unexplored. The objectives of this
study were to determine the frequency of increased ICP in MOGAD and its association with
disease course and outcomes and to highlight cases requiring medical and/or surgical man-
agement of increased ICP.

Methods

In this retrospective, single-center cohort study, we examined the clinical and paraclinical data
from the initial presentation and follow-up data of children diagnosed with MOGAD. In those
with opening pressure (OP) measurements, univariate analyses were used to evaluate factors
associated with increased ICP, which was defined as OP > 28 cm H, 0. We also present a case
series of patients with or without OP measurement who required medical and/or surgical
management of increased ICP.

Results

Of 86 children with MOGAD, 43 (50.0%) had an OP recorded and 7 (8.1%) required ICP
management. In those with OP recorded, the median (interquartile range) OP for the different
MOGAD phenotypes were: 30.0 (22.8-41.6) (acute disseminated encephalomyelitis, ADEM),
20.5 (16.1-23.6) (optic neuritis), 17.0 (17.0-22.5) (myelitis), and 19.5 (16.5-29.3) (other)
cm H,0. Overall, 20.9% had increased ICP based on an OP > 28 cm H,0O, of whom 77.8%
presented with ADEM. In a subgroup analysis of those presenting with ADEM, those with an
elevated ICP had longer hospital stay (p = 0.007) and neurologic disability (defined as modified
Rankin Scale >1) (p = 0.049). In those with or without OP recorded, 7 (6 with ADEM, one with
cerebral cortical encephalitis) required ICP-directed therapies. Findings on brain MRI in these
7 children revealed extensive disease burden with bilateral cerebral involvement and evidence of
restricted diffusion. While neuropsychological data in this small subset revealed significant
variability, all sustained identifiable deficits after discharge, including attention-deficit hyper-
activity disorders and language and learning disorders.

Discussion

In pediatric MOGAD, increased OP and ADEM at initial presentation were associated with
longer hospital stays and greater long-term morbidity. Although invasive ICP monitoring has
not been specifically advocated in the management of MOGAD, it is important to recognize
signs and symptoms of increased ICP in these patients and consider ICP monitoring and
management strategies based on clinical and radiologic findings, especially in those presenting
with ADEM and with OP > 28 cm H,O.
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Glossary

ADEM = acute disseminated encephalomyelitis; AQP4 = anti-aquaporin-4; EVD = external ventricular drain; GCS = Glasgow
Coma Scale; HD = hospital day; ICP = intracranial pressure; IQR = interquartile range; LP = lumbar puncture; MOG = myelin
oligodendrocyte glycoprotein; mRS = modified Rankin Scale; MS = multiple sclerosis; OP = opening pressure; TBI = traumatic

brain injury.

Introduction

Myelin oligodendrocyte glycoprotein (MOG) antibody—
associated disease (MOGAD) is a CNS demyelination disease
distinct from multiple sclerosis (MS) and anti-aquaporin-4
(AQP4)-IgG-positive neuromyelitis optic spectrum disorder.
There have been limited previous reports of increased in-
tracranial pressure (ICP) in patients with MOGAD.""" The
clinical course and outcomes of hospitalized children with
MOGAD and increased ICP remains largely unexplored be-
cause most published studies have been case reports or small
case series. In this single-center cohort study of pediatric
MOGAD, we describe the frequency of increased ICP using
lumbar puncture (LP) opening pressure (OP) measurements
and evaluate its association with disease course and outcome.
We also highlight a series of patients with MOGAD who re-
quired medical and/or surgical management of increased ICP.

Methods

Patients

We retrospectively analyzed the medical records of 86 chil-
dren seen in the Demyelinating Disease Clinic in Dallas,
Texas, from 2009 to 2022 who have been diagnosed with
MOGAD. Diagnosis required fulfillment of the criteria recently
proposed by an international panel of experts.'> This includes
3 main criteria: (1) the presence of one of 6 defined core clinical
demyelinating events, (2) a positive anti-MOG-IgG test, and
(3) the exclusion of alternative causes.'> For those who did not
experience one of the 6 events at onset or at relapse, the patient
was included if he/she had clear positive titers (>1:100) and
there was no better diagnostic explanation. All patients had
positive serum anti-MOG-IgG cell-based assays per the in-
dividual assay cutoffs specified by the recently proposed in-
ternational guidelines.'* We included patients who had OP
measurement on the first attack and/or required medical and/
or surgical management of increased ICP (with or without OP
measurement). Only those with OP measurement were in-
cluded in the group analyses while those who required medical
and/or surgical management were highlighted individually.

Data Collection

MOGAD-demyelinating events were categorized into one of
the 6 defined core clinical demyelinating events: acute dis-
seminated encephalomyelitis (ADEM), optic neuritis, myelitis,
cerebral monofocal/polyfocal deficits, brainstem/cerebellar
deficits, and cerebral cortical encephalitis often with sei-
zures.? If they presented with symptoms and imaging that did
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not fit into one of the 6 demyelination categories, they were
categorized as “other clinical event.” For the group analysis,
those with cerebral monofocal or polyfocal deficits, brainstem
or cerebellar deficits, cerebral cortical encephalitis, and other
clinical event were included together under “other.” A relapse
was defined as a new clinical episode accompanied by radio-
logic evidence, appearing >1 month subsequent to the onset of
the past acute attack for non-ADEM presentations and >3
months subsequent to the past acute attack for ADEM pre-
sentations.”> An OP < 28 cm H,O is generally regarded as
normal in children.'* Hence, we defined >28 cm H,O as ele-
vated ICP in our analysis.

Demographic, investigative, and disease course data were
collected. Results from standard neuropsychological tests were
also collected. If a patient had multiple OP measurements
during the first attack, then the highest value was recorded. If a
patient required acute measures to lower ICP such as hyper-
tonic saline boluses or pentobarbital infusions that were spe-
cifically given for ICP control, then they were included in the
group requiring ICP management. Glasgow Coma Scale
(GCS) was determined based on the history and physical ex-
amination documented on the first hospital day (HD). A GCS
<12, indicative of at least a moderate-degree brain injury based
on traumatic brain injury (TBI) literature, was used for further
analysis. Disease severity and neurologic outcomes at the last
follow-up were assessed retrospectively with the pediatric
modified Rankin Scale (mRS)."> A mRS score >1, indicative of
at least some disability, was considered a poor outcome.

Statistical Analysis

Data were summarized with counts (percentages) for cate-
gorical variables and as median with interquartile range (IQR)
for continuous variables. Clinical features at the first MOGAD
attack and long-term outcome were compared in patients with
an OP < 28 and OP > 28 cm H, O in the entire cohort and the
subgroup with ADEM presentation, respectively. Group dif-
ferences were examined using 2-proportion Z-test for cate-
gorical data or Mann-Whitney U test for continuous and
ordinal data. p < 0.05 (2-sided) was considered significant.
Given the retrospective nature of the study, no correction for
multiple analyses was performed.

Standard Protocol Approvals, Registrations,
and Patient Consents

This study was approved by the Institutional Review Board of
the University of Texas Southwestern Medical Center. Written
informed consent for publication was obtained from all patients’
parents or legal guardians of the selected cases included.
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Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.

Results

Cohort With OP Measured on LP

Among 86 children diagnosed with MOGAD, 82 (95.3%) had
an LP and 43 (50.0%) had an OP measured and documented
during their initial attack. We found no significant difference
between those who did and did not have OP measurements
when examining age, sex, presence of headache on admission,
GCS <12 on admission, ADEM presentation or intensive care
unit (ICU) stay (eTable 1, links.lww.com/NXI/A925). 20.9%
(9/43) had OP > 28 cm H,O (increased ICP), and 79.1%
(34/43) had an OP < 28 cm H,O (normal ICP). 7.0% (3/43)
had positive anti-MOG-IgG by fixed cell-based assays, and
93.0% (40/43) had positive anti-MOG-IgG by live cell-based
assays. By MOGAD phenotypes, increased ICP was present in

50.0% (7/14) patients with ADEM, 4.5% (1/22) patients
with optic neuritis, 0.0% (0/3) patients with myelitis, and
25.0% (1/4) patients with the other phenotype. The median
(IQR) OP for the different MOGAD phenotypes were 30.0
(22.8-41.6) (ADEM), 20.5 (16.1-23.6) (optic neuritis), 17.0
(17.0-22.5) (myelitis), and 19.5 (16.5-29.3) cm H,O (other;
2 with cerebral monofocal/polyfocal deficits, one with cere-
bral cortical encephalitis, and one with concurrent myelitis
and optic neuritis). Overall, 7 of 9 patients (77.8%) who
presented with increased ICP had an ADEM phenotype.
Those who presented with ADEM were more likely to have
elevated ICP than normal ICP (p = 0.001), whereas those
with optic neuritis were more likely to have normal ICP than
elevated ICP (p = 0.007) (Table 1). Patients with an elevated
ICP were more likely to have depressed mental status (GCS
<12) (p = 0.005), require ICU admission (p = 0.010), and
have received ICP-directed therapies (p < 0.001). They also
had longer ICU (p < 0.001) and hospitalization (p < 0.001)
stays and longer follow-up duration (p = 0.002). At follow-up,
those with increased ICP also had a higher proportion with

Table 1 Relationship Between Clinical and Demographic Variables and Opening Pressure in Pediatric MOGAD

Opening pressure

Opening pressure

<28 cm H,0 (n = 34) >28 cm H,0 (n=9) p Value
Age at onset, median (IQR) (y) 10.7 (5.8-13.2) 5.0 (4.3-12.2) 0.215
Female sex, n (%) 14 (41.2) 6 (66.7) 0.174
Headache on admission, n (%) 10 (29.4) 4 (44.4) 0.390
GCS <12 on admission, n (%) 0(0.0) 2(22.2) 0.005
ADEM, n (%) 7 (20.6) 7(77.8) 0.001
Optic neuritis, n (%) 21 (61.8) 1(11.1) 0.007
Myelitis, n (%) 3(8.8) 0(0.0) 0.359
Other, n (%) 3(8.8) 1(11.1) 0.835
ICU stay, n (%) 5(14.7) 5(55.6) 0.010
ICU duration, median (IQR) (d) 0.0 (0-0.0) 3.0(0.0-18.0) 0.037
Hospital duration, median (IQR) (d) 10.5(6-13.8) 25.0 (15.0-62.0) 0.003
ICP management, n (%) 0(0.0) 3(33.3) <0.001
CSF white blood cell, median (IQR) (cells/fmm?3) 5.0 (1.0-22.0) 56.0 (8.0-145.0) 0.018
>5 cells/mm3, n (%) 17 (50.0) 8(88.9) 0.036
>20 cells/mm?3, n (%) 10(29.4) 6 (66.7) 0.039
>100 cells/mm?3, n (%) 3(8.8) 4.(44.4) 0.010
CSF protein, median (IQR) (mg/dL) 32.7 (25.9-56.0) 37.0(33.0-44.0) 0.653
>45 mg/dL, n (%) 11(32.4) 2(22.2) 0.555
Follow-up duration, median (IQR) (mo) 13.7 (5.1-30.4) 52.1 (28.5-105.2) 0.021
mRS >1 at the last follow-up, n (%) 4(11.8) 5(55.6) 0.004
Relapsing disease course, n (%) 6(17.6) 4 (44.4) 0.091

Abbreviations: ADEM = acute disseminated encephalomyelitis; GCS = Glasgow Coma Scale; ICP = intracranial pressure; ICU = intensive care unit; IQR =
interquartile range; mRS = modified Rankin Scale.

Neurology.org/NN Neurology: Neuroimmunology & Neuroinflammation | Volume 11, Number 1 | January 2024 3


http://links.lww.com/NXI/A925
http://neurology.org/nn

disability (mRS >1) (p = 0.004). Examining the ADEM group
alone, the associations between elevated ICP and longer
hospitalization and increased likelihood of long-term neuro-
logic disability remained statistically significant (p = 0.011 and
p = 0.049, respectively) (Table 2).

Cases Requiring ICP Management (With or
Without OP Measured)

Seven patients had acute medical therapies and 3 had addi-
tional neurosurgical procedures for the management of in-
creased ICP during their initial presentation. Their clinical
and paraclinical data, as well as outcomes, are presented in
eAppendix 1 and in Table 3 and eTable 2 (links.lww.com/
NXI/A925). Four patients did not have an OP documented
on LP, but they had clinical and radiologic findings consistent
with increased ICP and received ICP-directed care. The 3
patients who did have OP measurements all had elevated OP
(42.5, 52, and >55 cm H,0). Six patients presented with
ADEM and one presented with cerebral cortical encephalitis.

All patients presented with head CT scan findings consistent
with mild cerebral edema on HD 1. Six patients had down-
ward central brain herniation on repeat head CT scan by HD
2 to S. In addition, 2 patients had mild tonsillar descent and
one patient had rightward subfalcine herniation. Restricted
diffusion on brain MRI was seen in all 7 patients on either the

initial scan (4/7) or on follow-up imaging performed 7 to 11
days later. Follow-up MRI during admission usually demon-
strated that lesions became more confluent involving addi-
tional areas of the brain. There was posterior globe
indentation by the optic nerve head, an imaging feature sug-
gestive of raised ICP, in 4 of 7 patients. There was lep-
tomeningeal enhancement in 4 of 7 patients (3 on the initial
imaging and one on follow-up). The predominant location of
brain imaging abnormalities was cortical, juxtacortical, and
peripheral white matter, with most lesions in the frontal and
parietal lobes. Less commonly, lesions were located in the
central gray matter, brain stem, and cerebellum. One patient
had a diffuse leukodystrophy pattern of white mater in-
volvement. Representative MRI scans with globe indentation,
restricted diffusion, and leptomeningeal enhancement are
shown in Figure 1. The imaging finding with peripheral and
central restricted diffusion is similar to that of acute leu-
koencephalopathy with restricted diffusion (ALERD)'
(Figure 1, B and C). Representative MRI FLAIR images of the
differing patterns of brain involvement are shown in Figure 2.

We did not include 4 patients who were given only acet-
azolamide for ICP management because this medication
generally requires a period of days to weeks to take effect with
oral dosing17 and variable response with IV dosing.18 In
acetazolamide-treated patients, one patient presented with

Table 2 Relationship Between Clinical and Demographic Variables and Opening Pressure in Pediatric MOGAD Presenting

With Acute Disseminated Encephalomyelitis

Opening pressure <28 cm H,0 (n = 6) Opening pressure >28 cm H;0 (n =7) p Value

Age at onset, median (IQR) (y) 5.5 (4.8-8.6) 4.9 (4.1-5.6) 0.719
Female sex, n (%) 4 (66.7) 4 (57.1) 0.726
Headache on admission, n (%) 2(33.3) 3(42.9) 0.726
GCS <12 on admission, n (%) 0(0.0) 2(28.6) 0.156
ICU stay, n (%) 3(50.0) 5(71.4) 0.430
ICU duration, median (IQR) (d) 1.5 (0.0-4.5) 9.0 (1.5-21.0) 0.226
Hospital duration, median (IQR) (d) 7.0 (6.0-10.3) 26.0 (22.5-64.0) 0.007
ICP management, n (%) 0(0.0) 3(42.9) 0.067
CSF white blood cell, median (IQR) (cells/mm?) 30.0 (23.8-53.5) 56.0 (19.5-125.0) 0.719

>5 cells/mm?3, n (%) 5(83.3) 6 (85.7) 0.905

>20 cells/mm?3, n (%) 5(83.3) 5(71.4) 0.610

>100 cells/mm?3, n (%) 1(16.7) 3(42.9) 0.308
CSF protein, median (IQR) (mg/dL) 34.1 (26.4-54.9) 37.0 (30.0-42.5) 0.944

>45 mg/dL, n (%) 2(33.3) 1(14.3) 0.418
Follow-up duration, median (IQR) (mo) 23.9(11.8-39.8) 82.4 (43.3-106.3) 0.027
mRS >1 at the last follow-up, n (%) 1(16.7) 5(71.4) 0.049
Relapsing disease course, n (%) 1(16.7) 4(57.1) 0.134

Abbreviations: GCS = Glasgow Coma Scale; ICP = intracranial pressure; ICU = intensive care unit; IQR = interquartile range; mRS = modified Rankin Scale.
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Table 3 Patients Who Required Acute Medical and/or Surgical ICP Management

Case 17 Case 2 Case 3 Case 4 Case 5 Case 6° Case 7%
Age at 6 6 3 10 1 3 4
presentation (y)
First MOGAD ADEM ADEM ADEM Cerebral cortical ADEM ADEM ADEM
phenotype encephalitis
Glasgow Coma 8 9 13 8 13 13 14
Scale
Brain MRI on Extensive cortical, Extensive Mass-like, Extensive, multifocal ~ Extensive cortical, Extensive cerebral white matter Extensive cortex and juxtacortical
admission subcortical white matter leukodystrophy multifocal, cortical juxtacortical white and mild basal ganglia white matter initially with
and central gray matter pattern cortical, and matter, left thalamus, subsequent involvement of the
subcortical and brain stem central gray matter, cerebellum,
white matter and brain stem
Globe Yes, on later scan Yes, on later scan Yes, subtle No No No Yes, marked
indentation
Meningeal Yes No No Yes No Yes, on later scan Yes
enhancement
Restricted Yes, on later scan Yes Yes, on later  Yes Yes Yes, on later scan Yes
diffusion scan

Diffuse cerebral
edema

Yes, noted on day 5

Yes, noted on day 5

Yes, noted on
day 3

Yes, noted on day 1

Yes, noted on day 1

Yes, noted on day 2

Yes, noted on day 1

Herniation Yes, noted on day 5. Yes, noted on day 5. No Yes, noted on day 2. Yes, noted on day 4. Yes, noted on day 4. Downward  Yes, noted on day 3. Downward
Downward central brain Downward central Downward central Rightward subfalcine  central brain herniation due to  central brain herniation due to
herniation due to brain herniation due brain herniation due  herniation and worsened cerebral edema and  worsened cerebral edema (had
worsened cerebral edema  to worsened cerebral to worsened cerebral downward central tonsillar descent preexisting Chiari 1
and tonsillar descent edema edema brain herniation malformation)

Opening Not performed Not performed onthe 42.5cm H,0  Not performed Not performed Not performed 52 cm H,0

pressure first spinal tap. >55 cm

H,0 (with ICP 77) on
the second spinal tap

Acute IVMP x2, PLEX, CYC, RTX IVMP, IVIG, PLEX IVMP, IVIG, IVMP, IVIG IVMP, PLEX IVMP, IVIG, PLEX IVMP, PLEX

immunotherapy PLEX

Medical ICP Mannitol, hypertonic Mannitol, hypertonic  Hypertonic Hypertonic saline, Hypertonic saline Hyperosmolar therapy Hypertonic saline, vecuronium

management saline, vecuronium drip, saline, vecuronium saline pentobarbital burst (including and hypertonic saline  drip, pentobarbital burst
pentobarbital burst drip, pentobarbital suppression (1 d) 7% and 23%), cooling, suppression (6 d)
suppression (9 d) burst suppression vecuronium drip, pentobarbital

(10 d), acetazolamide burst suppression (9 d)

EVD/ICP No Yes, on day 5 No No No Yes, on day 4 Yes, on day 20

monitor

Number of N/A 18 N/A N/A N/A 14 20

d requiring EVD/

ICP monitoring

Lumbar drain No Yes, on day 12 No No No No No

Intensive care 71 24 9 14 8 23 30

unit duration (d)

Total hospital 116 62 69 52 12 52 66

duration (d)

Follow-up 21 52 86 2 8 151 114

duration (mo)

mRS at 6 (died 4.5 mo afterthelast 2 (headaches, 2 (cognitive 4 (not able to 1 (some reading 2 (academic difficulties) 3 (abnormal gait; dysarthric

follow-up follow-up) cognitive difficulties)  difficulties, communicate needs, ~ comprehension speech; needs OT, PT, and ST)

needs OT not able to feed self, difficulties)
and ST) uses wheelchair for
long distances)

Time from 3 7 4 8 6 2,735 1,818

symptom onset

to first anti-

MOG-IgG

collection (d)

Anti-MOG-IgG 1:10,000 1:1,000 1:1,000 1:1,000 1:100 1:100 1:100

titer (live cell-

based assay)

Relapse No No No N/A No Yes Yes

%indicates previously published cases.
Abbreviations: ADEM = acute disseminated encephalomyelitis; CYC = cyclophosphamide; EVD = external ventricular drain; ICP = intracranial pressure; IVIG =
IV immunoglobulin; IVMP = IV methylprednisolone; mRS = modified Rankin Scale; N/A = not applicable; OT = occupational therapy; PLEX = plasma exchange;
PT = physical therapy; RTX = rituximab; ST = speech therapy.
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Figure 1 Representative MRI Scans of Posterior Globe Indentation, Restricted Diffusion, and Meningeal Enhancement

From Patients Who Required ICP Management

(A) Axial T2-weighted image from case
7 shows indentation of the posterior
globe by optic nerve heads (arrows)
and increased perioptic nerve CSF; (B)
axial diffusion weighted imaging from
case 1 shows restricted diffusion in the
cortex and juxtacortical white matter
in both cerebral hemispheres; (C) axial
apparent diffusion coefficient image
from case 1 shows true restricted dif-
fusion in the cortex and juxtacortical
white matter in both cerebral hemi-
spheres; (D) postcontrast axial FLAIR
image from case 4 shows scattered
leptomeningeal enhancement (ar-
rows). ICP = intracranial pressure.

optic neuritis with an OP of 40 cm H,0, did not require an
ICU stay, and had mRS 0 at follow-up. Another presented
with cerebral monofocal/polyfocal deficits (headaches, cranial
nerve VI palsy, and blurry vision) with an OP of 54 cm H,O
and was managed as aseptic meningitis. She did not require an
ICU stay and had mRS 0 at follow-up. Two patients presented
with ADEM and had an OP of 28 and 32 cm H,O; both
required an ICU stay for close observation and had mRS 0 and
2 at follow-up, respectively.

Discussion

Overall, in pediatric patients with MOGAD with OP measure-
ments on LP at initial presentation, 20.9% had an OP > 28 cm
H,O consistent with definitions for increased ICP. Patients with
elevated ICP had longer hospital stays, an increased likelihood
of ICU admission, and a longer stay in the ICU. They also had
longer outpatient follow-up and greater likelihood of neuro-
logic disability. Seven patients (3 from the cohort with OP
measured and 4 additional patients without OP measured)
required ICP-directed therapies; 4 had only medical man-
agement and 3 required additional surgical management
(placement of an ICP monitor or lumbar drain) because of
signs of cerebral edema and increased ICP. These data suggest
that increased OP (and, by extension, increased ICP) in
patients with MOGAD is associated with greater utilization
of health care resources and worse outcomes. In addition,

patients with MOGAD who present with ADEM phenotypes
are at the highest risk of developing elevated ICP and of
clinical deterioration requiring ICP-directed care in the ICU.

In the 7 patients who required medical/surgical management
of increased ICP, we observed that all had restricted diffusion on
brain MRI during admission. Cortical and peripheral T2 or
FLAIR lesions are frequently seen in pediatric patients with
MOGAD, but extensive restricted diffusion is not common.'”*°
Diftusion restriction indicates cytotoxic edema with potential
irreversible tissue injury. The pattern of restriction diffusion has
been described with unilateral cortical FLAIR-hyperintense le-
sions in anti-MOG-associated encephalitis with seizures.”'** All
7 patients in our series started with bilateral cerebral involvement
and frequently progressed on subsequent scans, either becoming
more confluent or with new areas of involvement. Long-term
follow-up imaging revealed areas of gliosis, cortical laminar ne-
crosis, and volume loss. Although this has been reported be-
fore,"" this imaging finding is atypical for MOGAD, in which
lesions are more likely to resolve with no or minimal scarring.*>
These findings in our selected cases may represent either an
aggressive necrotizing form of MOGAD or secondary tissue
damage from elevated ICP, low cerebral perfusion pressure, and
subsequent ischemic injury.

Examining the neuropsychological outcome in the 7 cases, we
found significant variability across this small subset although

Figure 2 Different Patterns of Brain Involvement on Axial FLAIR Images From Patients Who Required ICP Management

(A) Image from case 1 shows extensive
cortical, subcortical white matter and
central gray matter abnormalities; (B)
image from case 2 shows diffuse white
matter increased signal in a leukodys-
trophy pattern; (C) image from case 3
shows mass-like, multifocal, cortical,
and peripheral white matter fronto-
parietal abnormalities; (D) image from
case 4 shows peripheral, multifocal,
cortical, and juxtacortical signal
changes in bilateral frontal and parie-
tal lobes. ICP = intracranial pressure.
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all had identified deficits. Most met clinical criteria for a di-
agnosis such as attention-deficit hyperactivity disorder, lan-
guage disorder, and/or learning disorder. Notably, 3 were
described as having a developmental delay, and one had a
preexisting learning disorder in reading. For those with longi-
tudinal evaluation data, reductions in performance were noted
in some areas over time, illustrating the notion of “growing into
deficits” when a child fails to maintain skill development at the
expected rate for their age. There are numerous factors that
may influence cognitive outcomes in the context of MOGAD
including age at onset, time since onset, disease location and
severity, brain and cognitive reserve, and sociodemographic
factors, among others. Such factors should be carefully con-
sidered and integrated into future studies.

The standard treatment of acute MOGAD attacks is high-dose
steroid alone or in combination with IV immunoglobulin and/
or plasma exchange to control the underlying inflammation.
However, in cases with elevated ICP, the addition of ICP
monitoring and management strategies may be needed to
mitigate secondary brain injury until immunomodulatory
agents can effectively reduce the neuroinflammatory responses.

While invasive ICP monitoring has not been specifically ad-
vocated in the management of increased ICP in ADEM or
other encephalitis disorders, we suggest that a pathophysiologic
rationale can be made for monitoring and treatment of in-
creased ICP in a selected subset of patients with CNS auto-
immune disorders. There are 2 potential mechanisms of
preventable brain injury: (1) ischemia due to low cerebral
perfusion states caused by elevated ICP and (2) direct com-
pressive caused by mass effect, such as uncal or tonsillar her-
niation. If undetected and/or not emergently treated before
brain herniation, the brain is likely to sustain significant injury
with lasting deleterious effects. In our case series, the 2 children
(cases 2 and 6) who had invasive ICP monitoring early in their
course and received aggressive ICP-directed care had good
neurologic outcomes with mild disability. By contrast, 3 chil-
dren (cases 1, 4, and 7), whose ICP monitoring was not per-
formed or was performed late in their course after medical
management (including barbiturate-induced burst suppres-
sion), demonstrated poor neurologic outcomes and significant
disability (including one child ultimately dying of complica-
tions of severe brain injury). Notably, however, not all patients
who have clinical or radiologic findings of increased ICP re-
quire invasive ICP monitoring, This is illustrated in cases 3 and
S, who received only hypertonic saline for management and did
not have ICP monitors placed with good neurologic outcomes.
In these cases, it is critical to perform frequent neurologic
examinations to evaluate whether the patient is responding to
therapy or declining and would benefit from more aggressive
management. Whether ICP monitoring is associated with an
improved outcome in patients with MOGAD with elevated
ICP remains to be further studied and cannot be concluded
from our case series. It could be argued that the inflammatory
disease process itself was the cause of poor outcomes. However,
in those with extensive lesions on MRI who required aggressive
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medical therapy (including burst suppression) to control ICP,
neurologic morbidity was minimal in cases in which an ICP
monitor was initiated early in the course compared with those
without or late ICP monitor placement.

Standard therapies for ICP prevention such as head-of-bed
elevation, targeting higher serum sodium levels, prevention of
hypercarbia, hypoxia, and hypotension are important in pre-
venting secondary brain injury. These may be sufficient in
milder cases of increased ICP in patients with a reassuring
neurologic examination. We recommend that neurosurgical
services be involved early in the care of these patients, especially
for those who present with ADEM with depressed mental
status, OP > 28 cm H,O, or signs of diffuse cerebral edema on
initial imaging. Surgical interventions can be diagnostic, such as
the placement of an ICP monitor to guide medical manage-
ment, or therapeutic, such as a lumbar drain or external ven-
tricular drain (EVD) to drain CSF and reduce ICP, or
decompressive craniectomy to reduce both ICP and mass ef-
fect. Early invasive ICP monitoring may also be beneficial in
providing objective (numerical) data to guide ICP-based
treatment pathways.** This allows for the judicious use of in-
terventions with a defined target point, thereby avoiding po-
tentially harmful and/or unnecessary treatments. Owing to
limited published experience with neurosurgical management
of cases of autoimmune-mediated elevated ICP, decisions re-
lating to ICP monitor placement or initiation of medical
therapies to manage ICP are mainly based on the basic prin-
ciples of reducing secondary brain injury mentioned above and
extrapolation from the ICP and mortality benefit described in
the literature on TBI and cerebral infarction, where neurosur-
gical intervention has been most extensively studied.*>*° In our
practice, for acute diffuse intracranial processes causing a de-
pressed neurologic examination (GCS <8) with signs of diffuse
cerebral edema, herniation, or mass effect on imaging, place-
ment of an ICP monitor or EVD is preferred. If the cerebral
ventricles are small, an ICP transducer is implanted unless the
ventricles are large enough to accurately place an EVD, which
allows the therapeutic option of CSF drainage to reduce ICP.
We target an ICP <20-25 mm Hg and use age-based cerebral
perfusion pressure thresholds similar to published guidelines
for severe TBI in children.>” The use of lumbar drainage to treat
ICP can be effective, but it usually requires a functional EVD, is
case-specific, and is contraindicated if imaging shows an in-
tracranial mass lesion, herniation, or complete cisternal ef-
facement.”® Ultimately, if ICP is refractory to medical
management or if lateralizing signs due to brainstem com-
pression or mass effect are present, decompressive craniectomy
is an option; there have been case reports describing good
outcomes for ADEM.>>*” None of the previously published
cases, however, were tested for or reported to be positive for
anti-MOG-IgG. In our cohort, none underwent decompressive
craniectomy, and it remains controversial whether they would
have benefited from this intervention. Although beyond the
scope of our study, continuous EEG monitoring may also be a
tool to monitor the severity of encephalopathy and quantify
seizures that could portend severe neuronal injury.
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The MOG protein is a minor component of myelin on the
outermost myelin sheath layers and oligodendrocyte cell
surface, making it directly accessible to the MOG antibody.
The exact role of MOG antibody in the pathophysiology of
MOGAD is still unclear, and there are currently no studies on
the proposed mechanisms of elevated ICP in MOGAD. Be-
cause these autoantibodies do not target structures involved
in the circulation of the CSF, the effect on ICP is likely in-
direct. Other cohort studies have shown increased ICP in
CNS-demyelinating disorders, including ADEM (with anti-
MOGE-IgG serostatus not specified), MS, and clinically iso-
lated syndrome.***° It may be that the inflammatory process
itself alters the CSF flow dynamics, such as increasing vis-
cosity of CSF and thereby impairing reabsorption at the
arachnoid villi.>**° Notably, our cohort with increased ICP
had increased CSF white blood cell count compared with
those with normal ICP. Future studies are needed to further
understand the pathophysiology of increased ICP in
MOGAD and other CNS-demyelinating disorders.

Our study has several limitations. First, it follows a retro-
spective design. Second, data were collected from a single
academic pediatric hospital; therefore, our management
practices may not be applicable to other centers. In addition,
the frequency of ICP may be influenced by a major number of
severe cases seen at our tertiary care center compared with
other hospitals. We also reviewed patients seen in our De-
myelinating Disease Clinic; it is possible that we missed po-
tential patients who were not followed up or saved in our
database. Third, only half of our cohort had OP measure-
ments, creating a possible selection bias. We, however, found
no significant difference between those who did and did not
have OP measurements when examining age, sex, presence of
headache on admission, GCS <12 on admission, ADEM
presentation, or ICU stay. Fourth, while all 3 of the cases who
had both OP documented and required ICP-directed care had
significantly elevated OP (all >42 mm H,0), there are several
inherent limitations in the use of LP OP as a proxy for ICP,
including variation in pressure with patient position, patient
body habitus, level of manometer, straining by the patient
during the procedure, and the inability to correlate pressures
with symptoms over time.*"** As such, ICP and LP OP are
not always concordant, with risk of false-negative and false-
positive results. In our group analysis, we used mRS as the
marker of neurologic disability, which is highly dependent on
gross motor outcomes. The mRS does not account well for
other aspects of long-term symptoms, such as behavior or
cognition, which may have been better assessed using alter-
native functional scoring scales. Finally, neurocritical care
management of patients with CNS autoimmune disease is not
formally protocolized at our institution and individual patient
care decisions are made by the attending neurosurgeon and
critical care team, which likely introduced care variability.

Increased ICP complicating pediatric MOGAD is associated
with greater use of hospital resources and a greater risk of
neurologic disability. We suggest measuring OP as part of the
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standard of care when CSF analysis is performed for all po-
tential patients with MOGAD, especially those with an ADEM
phenotype, because this provides an early indicator to stratify
risk of requiring ICU admission and need for medical/surgical
ICP-directed care. Further studies are needed to determine
which patients would benefit from ICP monitoring. Early in-
stitution of aggressive monitoring and treatment measures for
increased ICP may improve long-term outcomes.
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