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HYDROCEPHALUS IN NEUROMYELITIS OPTICA
A majority of patients with neuromyelitis optica (NMO)
spectrum disorders (NMOSD) have MRI brain abnor-
malities, some of which are “NMO-typical” with locali-
zation in aquaporin 4 (AQP4)-rich circumventricular
and periaqueductal regions.! Although uncommon in
adult padents, symptomatic brain involvement occurs
in approximately 50% of NMO-immunoglobulin G
(IgG) seropositive children. Here we report the clinical
characteristics, type, and frequency of hydrocephalus in
NMOSD.

Methods. Obstructive hydrocephalus was identi-
fied in the index case. Head MRIs from AQP4-
IgG-seropositive patients in the Mayo Clinic
NMO database (125 NMO; 45 NMOSD) were
reviewed.

Standard protocol approvals, registrations, and patient
consents. The study protocol was approved by the Mayo
Clinic Institutional Review Board.

Results.
right-sided headache, numbness, episodic diplopia, and

Index case. A 40-year-old woman developed

word-finding difficulties 2 months postpartum. Brain
MRI revealed multifocal areas of signal abnormality
(figure, index case, A.a—A.d). Parietal lobe biopsy showed
demyelinaton. Eighteen months later, headache, nausea,
and vomiting began subacutely. MRI demonstrated
obstructive hydrocephalus (figure, index case, A.e and
Af). She required multiple shunt revisions over subse-
quent years, in the setting of longitudinally extensive
transverse myelitis (LETM), encephalopathy/status epi-
lepticus (with multifocal brain and cord enhancement),
recurrent sepsis, and ventriculitis. Poor interventricular
CSF communication and noncompliant ventricles neces-
sitated bilateral shunt insertion into lateral and temporal
horns.

Two additional patients. Noncommunicating obstruc-
tive hydrocephalus was identified in 1.1% of seropositive
NMOSD patients (2 of 177).

Cuse 1. A 19-year-old woman with an 11-year history
of NMO with brain involvement (figure, case 1, B.a-B.d)
had onset of increasingly severe headaches, nausea, and
vertigo in 1 week.

MRI was consistent with noncommunicating
hydrocephalus (figure, case 1, B.e and B.f). A ven-
triculoperitoneal shunt was placed. At most recent
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follow-up (age 23), the patient had undergone suc-
cessful third ventriculostomy.

Case 2. A 30-year-old woman had onset of sudden
neck and shoulder pain, confusion, bilateral optic neuri-
tis, and quadriparesis. MRI revealed LETM and hydro-
cephalus (figure, case 2, C.a and C.b). She was treated
with steroids and a shunt was placed 5 months after
initial symptom onset. LETM recurred in the subse-
quent 18 years.

Discussion. The 1% frequency of obstructive hydro-
cephalus we observed in patients with NMOSD is far
greater than in the general adult population. Larger
studies will be required to confirm that this observation
is not incidental. The incidence of all types of hydro-
cephalus, annual numbers of new ventricular shunts
recorded in the Nationwide Inpatient Sample database
and the Californian population, is 2.95 and 5.5
per 100,000 respectively.>* Only 16.6% were for
obstructive/noncommunicating hydrocephalus.

We are aware of only one report (abstract) of hydro-
cephalus (type not specified) related to NMO in a 54-
year-old seropositive patient who presented with seizure.

The cerebral aqueduct, an anatomic bottleneck of
the ventricular system, is lined by ependymal cells that
express AQP4. We postulate that inflammatory sequelae
of IgG binding to AQP4 in this region causes scarring,
occlusion, stenosis, or reduced compliance of the aque-
ductal channel leading to obstruction.

More widespread involvement of AQP4 at ependy-
mal/meningeal surfaces might exacerbate obstructive
hydrocephalus through an effect on water transport. A
Western blot study comparing human hydrocephalic
with control brain tissue showed an increased APQ4
immunoreactivity in hydrocephalic brain.”> Because
AQP4 is a bidirectional channel, its lack slows the rate
of water entry into the brain in cytotoxic edema but
reduces the rate of water outflow from the brain in vaso-
genic edema. In a rat model of communicating hydro-
cephalus, the AQP4 profile appeared to adapt to the
severity of hydrocephalus, spreading beyond the astro-
cytic endfeet to the whole astrocytic plasma membrane in
rats with the most severe, chronic hydrocephalus.

The sites and mechanisms of CSF resorption are rel-
evant to the pathophysiology of hydrocephalus. It was
traditionally held that CSF resorption occurred mainly
via arachnoid granulations, but increasing evidence
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(A.a-A.d) Neuromyelitis optica (NMO) lesions with normal aqueduct. (A.a) Normal caliber aqueduct (arrow). (A.a-A.d) T2 signal and
gadolinium enhancement in NMO lesion of right superior cerebellar peduncle (arrowheads). (A.e, A.f) Eighteen months later, dilation
of proximal aqueduct, third ventricle, and temporal horns (arrows) with stenosis or occlusion of distal aqueductal orifice (arrow-
heads). (B) Case 1. Chronic and enhancing NMO lesions, no ventricular obstruction. (B.a) Normal caliber aqueduct (arrow), chronic
NMO lesions in corpus callosum. (B.b-B.d) T2 signal and enhancement in superior cerebellar peduncles and across the roof of the
aqueduct (arrowheads). Additional enhancing focus in right cerebral peduncle. Thirty-two months later, symptomatic aqueductal
stenosis. (B.e) Expansion of third ventricle and elevation of corpus callosum (arrows) and poor definition of aqueduct (arrowhead).
(B.f) Dilation of third ventricle and expanded left ventricular atrium (arrows). (C) Case 2. MRI captured 11 years after initial shunt
placement (earlier images were discarded). The absence of cerebral aqueduct within a small but otherwise normally developed
mesencephalon supports the diagnosis of acquired aqueduct obliteration. (C.a, C.b) Absence of CSF flow void in expected location
of aqueduct (arrows). Chronic changes in corpus callosum from NMO lesions. FLAIR = fluid-attenuated inversion recovery.
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points toward other sites of drainage. Studies by ILff
et al.® indicate the existence of a brain-wide pathway
facilitating exchange of CSF and interstitial fluid via
para-arterial CSF influx, para-venous interstitial
clearance, and a transparenchymal pathway depen-
dent on water transport through astrocytic AQP4
channels. A recent report that AQP4 protein is sig-
nificantly elevated in the CSF of infant patients with
congenital communicating hydrocephalus compared
to controls concluded that AQP4 effects ependymal
stability and is involved in CSF production and
reabsorption.” An AQP4-dependent mechanism
could facilitate resorption of CSF and clearance from
the parenchyma into the microvasculature. In a state
of subacutely acquired AQP4 dysfunction, as per-
tains in NMO, altered CSF resorption could further
exacerbate hydrocephalus through a nonobstructive
mechanism.
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