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Abstract

Superficial siderosis (SS) of the nervous system is a rare acquired condition related to hemo-
siderin deposits in subpial layers of the brain, brainstem, cerebellum, cranial nerves, and spinal
cord, leading to brain iron-mediated neurodegeneration. The cardinal neurological features
are slowly progressive hearing loss, ataxia, and pyramidal signs. Here we describe an atypical
case of infratentorial SS evolving with acute intracranial hypertension in the absence of typical

chronic signs. © 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Superficial siderosis (SS) of the nervous system is an uncommon acquired condition re-
lated to hemosiderin deposits in subpial layers of the brain, brainstem, cerebellum, cranial
nerves, especially the second and eighth, and spinal cord. The deposits lead to iron-mediated
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neurodegeneration, producing a progressive white matter, and neuronal damage [1]. In the
first report in the literature, SS was defined as “melanosis of the brain, cord, and meninges”
due to the finding of extended, pigmented, heavy granulations on the spinal cord’s ependymal
surfaces, cerebellum, and base of the cerebrum in an autopsied case [2]. Hemosiderin deposits
probably occur as a consequence of silent, subtle, enduring, or repetitive subarachnoid blood
leakage [1].

According to the localization of iron deposition in the brain, two distinct groups of clinical-
radiological presentations are recognizable: cortical SS (cSS) and infratentorial SS (iSS) [1, 3].
¢SS is restricted to the brain’s supratentorial structures, particularly the convexities of the
cerebral hemispheres [4]. Depending on the iron involvement extension, ¢SS may be classified
as focal, where no more than three sulci are affected, or disseminated, in case of four or more
sulci being involved [5]. Possible etiologies of ¢SS include prior or recent head trauma and
non-traumatic etiologies. Among the non-traumatic causes, we highlight cerebral amyloid an-
giopathy (CAA), reversible cerebral vasoconstriction syndrome, primary angiitis of the central
nervous system (CNS), cortical vein occlusions, posterior reversible leukoencephalopathy
syndrome, coagulopathy, drug use, and cavernomas [4, 6-8].

CAA is, by far, the most frequent non-traumatic cause of ¢SS [3, 9]. CAA is a cerebrovascu-
lar disease characterized by the accumulation of amyloid beta-peptide within the small or me-
dium-sized cerebral blood vessels and leptomeninges [10]. An American population-based
study of residents above 50 years of age showed an association of ¢SS with an increased amy-
loid burden and apolipoprotein E €2 genotype [3]. CAA may cause not only hemorrhagic but
also ischemic and inflammatory brain injury [11]. The mechanisms associated with cSS in-
clude repeated episodes of acute subarachnoid bleeding from diseased vessels [12], the leak-
age of a lobar intracerebral hemorrhage, and, eventually, superficial microbleeds into the sub-
arachnoid space [13]. Lastly, it could be due to hemorrhagic transformation of small cortical
infarcts [5]. ¢SS mostly presents with headache, focal or transient focal neurological episodes,
as seizures. Cognitive impairment may occur in the disseminated form of cortical siderosis [9].

The diagnosis of iSS should be considered when the siderosis involves the surface of at
least two regions out of the following: brainstem, cerebellum, spinal cord, or craniocervical
junction [1]. Supratentorial spreading may or not be present. The most typical finding is the
presence of siderosis in the crests of cerebellar folia, superior vermis, and vestibulocochlear
nerves. However, deposits on the basal cerebral surface, the quadrigeminal plate, and the
cord’s pial surface may also occur [1, 7]. Additionally, SS may be detected in cortical sulci,
interhemispheric fissure, or the Sylvian fissure. Possible pathogenetic causes include bleeding
from spinal epidural fistulas, arteriovenous malformations, intracranial aneurysms, tumors,
and CAA, as mentioned before [1, 8, 14-17].

iSS can be classified into two distinct groups: classical or type 1 iSS, and secondary or type
2 iSS [1]. The classification considers the radiological confirmation of the cause for the CNS
bleeding, and subsequently, chronic hemosiderin deposition. Classical type 1 iSS patients do
not present any potentially causal confirmed spontaneous or traumatic intracranial bleeding
detected through neuroimaging examinations that accounted for SS. Therefore, the bleeding
could have raised from microvascular or venous blood low-pressure leakage of the spine or
other structures of the posterior fossa, mostly linked to dural abnormalities, previous spinal
trauma, or neurosurgery [1].

Conversely, secondary or type 2 iSS assumes the evidence of a potentially causal radio-
logically confirmed intracranial hemorrhage, well delimited in time, and deemed to be the
cause of SS, as traumatic or spontaneous intracranial bleeding event due to subarachnoid
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hemorrhage, intracerebral hemorrhage, or surgery [1]. The acute bleeding causes a significant
blood accumulation, which rapidly deposits in the subpial layers of the CNS near the bleeding
site. In this situation, the amount of hemosiderin deposits is proportional to the disease bur-
den. The bleeding episode depicts a different clinical picture, characterized by acute onset of
the neurological symptoms and signs. These findings are discordant from those observed in
classical iSS, characterized by slowly progressive hearing loss, ataxia, or myelopathy [1].

The diagnostic accuracy depends mostly on the availability of neuroimaging methods.
Magnetic resonance imaging (MRI) of the brain and spinal cord are the cornerstones for the
diagnosis of SS, especially considering the iron-sensitive sequences used. Besides MRI, other
radiological methods should help to locate a possible bleeding source in the nervous system
and include computed tomographic angiography, MRI-angiography, brain, and spinal digital
subtraction arteriography [1, 9, 18]. In selected cases, surgical exploration must be necessary
to unravel the underlying etiology [19]. The appropriately used investigative methods may
allow finding the cause of the SS in up to 94% of patients with classical iSS [1], avoiding the
unexplained or “idiopathic” cases of SS reported previously in the literature [4, 20].

The clinical findings in classical iSS may vary according to the affected structures, but the
most prevalent features are the slowly progressive onset of sensorineural deafness, cerebellar
ataxia, and pyramidal signs, stated as the cardinal signs of this clinical entity [1, 4]. In a sys-
tematic review of published cases, Fearnley and colleagues [4] found that sensorineural deaf-
ness, progressive ataxia, and pyramidal signs were reported in 95, 88, and 76% of cases, re-
spectively. Therefore, the most strikingly cardinal feature of SS is hearing impairment, its ab-
sence being exceptionally rare. In this series of cases, there was a clear tendency for males to
be more often affected than females (3:1). There was a full range for the age of onset of clinical
signs, with symptoms occurring both in the teenage years and in the very old. Notably, up to
one-third of patients become bed-bound after a decade of disease duration, due to either cer-
ebellar ataxia, progressive myelopathic syndrome, or both [4].

Despite the high prevalence of the cardinal signs of iSS, other neurological manifestations
may also be present, including sphincter dysfunction, swallowing deficits, anosmia, seizures,
anisocoria, sensory signs, ageusia, and headache [1, 9, 20]. Eventually, memory impairment
may occur, leading to dementia [21]. Less common features are extra-ocular motor palsies,
neck or backache, bilateral sciatica, and lower motor neuron signs [4]. We draw attention to
the fact that chronic intracranial hypertension develops in approximately one-third of cases,
either due to hydrocephalus related to the primary etiology or malabsorption of cerebrospinal
fluid on damaged arachnoid villi [4]. We report a case of classical iSS presenting with acute
intracranial hypertension without any previous iSS cardinal features.

Case Report

A 31-year-old man was admitted with an 18-day history of a moderate to severe recurrent
headache, presenting gradual onset from occipital to bifrontal regions, pulsatile, disabling for
routine activities, in episodes lasting beyond 4 h, and progressive worsening. He also related
nausea, photo-, and phonophobia in all episodes. Additionally, he presented a history of simi-
lar, but less severe, annual headache episodes since adolescence. He had no other comorbidi-
ties, apart from mild alcoholism for a decade, being abstinent for 3 years. He denied traumatic
brain injury or a previous stroke.
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On his first headache day, he received intravenous analgesia at the emergency service,
with partial relief of pain. Three days afterward, he returned due to persistent headache and
a sudden episode of tonic generalized posture associated with loss of consciousness, lasting
less than a minute. On the following days, he disclosed pain alleviation with oral analgesics,
but he noticed the appearance of progressively worsening double vision. He was referred to a
neurology service by an ophthalmologist.

The neurological examination revealed binocular diplopia, right abducent nerve palsy,
and bilateral papilledema. There were no cerebellar or pyramidal tract abnormalities, nor cog-
nitive or behavioral complaints. MRI of the brain showed a diffuse low signal at T1, T2, and
GRE, on the infratentorial surfaces, at the level of brainstem, quadrigeminal plate, cerebellum,
on the supratentorial at the thalamic surface at lateral ventricles, Sylvian fissure, and para-
median surfaces at frontal and temporal lobes (Fig. 1). Besides, there was mild cerebellar at-
rophy and enlargement of the fourth ventricle. Additional spinal cord MRI showed similar low
signal throughout surfaces, with no other abnormalities (Fig. 2). Cerebral and spinal digital
subtraction arteriography resulted in negative findings for vascular or dural abnormalities or
any cause for hemosiderin superficial deposition. Routine biochemical and hematological la-
boratory tests were unremarkable.

A lumbar puncture disclosed cerebrospinal fluid (CSF) opening pressure (OP) of 45 cm
H0 and closing pressure of 12 cm H0 after draining 10 mL in serial tubes. There was signif-
icant relief of headache and amelioration of diplopia after CSF drainage. CSF analysis showed
no leucocytes or red cells, normal protein, and glucose levels. Pathologic CSF ferritin levels
were observed (198 ng/mL; reference value <12 ng/mL), whereas serum ferritin was within
normal limits (200 ng/mL; reference value = 21.8-274.6 ng/mL for men).

Three days after lumbar puncture, there was recrudescent headache and mild diplopia. A
new lumbar puncture disclosed OP of 32 cm H0, with clinical improvement of symptoms af-
ter drainage. In the next days, he received pharmacological treatment for intracranial hyper-
tension with progressively increasing dosages of acetazolamide. Despite dose optimization of
acetazolamide and associated topiramate, the patient presented recurrence of symptoms with
high CSF OP. A lumbar-peritoneal shunt aiming to control intracranial pressure was indicated,
but the patient refused, as well treatment with deferiprone. He was discharged after consid-
erable clinical amelioration of both headache and diplopia and in regular use of acetazolamide
(1,500 mg/day) and topiramate (150 mg/day). Despite the absence of auditive impairment
complaint, brain evoked response audiometry was performed and depicted a neurosensorial
deficit. The last CSF study disclosed OP of 12 cm H20. Considering the MRI findings of SS and
the unremarkable cerebral and spinal angiographic studies, ruling out any source of occult
bleeding in the nervous system, the diagnosis of classical iSS was made, despite the absence
of canonical cerebellar and pyramidal tract signs and symptoms. The subject has given his
written informed consent to publish his case, including publication of images.

Discussion and Conclusion

The pathophysiology of classical iSS requires the underlying assumption of recurrent sub-
tle, low-volume bleeding in the subarachnoid space. This may be due to various causes, such
as lesions secondary to dural abnormalities, as the principal cause, or meningocele, spinal
trauma or tumors, arteriovenous malformations, or inflammatory diseases like ankylosing
spondylitis [1, 4, 7]. The heme resulting from the breakdown of hemoglobin stimulates
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microglia and Bergmann glia to produce hemoxygenase-1, which will break the heme into bil-
irubin and free iron and ferritin, which will bind to free iron-producing hemosiderin, the most
stable compound that will form chronic deposition [22]. Overwhelmed ferritin synthesis leads
to the neuronal accumulation of neurotoxic iron and light chain ferritin as a consequence of
persistent or recurrent subarachnoid leakage [1, 22, 23].

The cerebellar convexities and superior cerebellar vermis are particularly affected, pre-
sumably due to specific characteristics of CSF flow in this area; thus, the cerebellum and brain-
stem are irrigated earliest and permanently exposed to bloody CSF, rich in iron and ferritin
[23]. Therefore, hemosiderin will deposit manly in the cerebellar folia and the surfaces of the
olfactory and vestibulocochlear nerves, defining ataxia and hearing loss as the main symptoms
[1, 4]. The classical clinical signs and symptoms of SS are deemed to be associated with the
neurodegeneration in response to hemosiderin deposits in cerebellar and brainstem topogra-
phy.

The majority of cases evolving with chronic intracranial hypertension are related to sec-
ondary SS [4]. The literature review showed only one classical iSS case who presented with
an acute crisis of intracranial hypertension [24]. Notably, besides intracranial hypertension
syndrome, the patient’s neurological examination revealed bilateral hypoacusis and mild cer-
ebellar ataxia of stance and gait, fulfilling the cardinal signs of classical iSS.

In the present case, acute intracranial hypertension presentation was remarkable, dis-
closing migraine-like cephalalgia and seizure as initial complaints. The whole clinical presen-
tation, including migraine-like cephalalgia, diplopia, papilledema, and abducent nerve palsy,
resembled idiopathic intracranial hypertension. Nevertheless, neuroimaging studies ruled out
this hypothesis and depicted idiopathic or classical iSS, since no macroscopic changes were
observed that could justify chronic subarachnoid bleeding in this case. Surprisingly, there was
absence of iSS cardinal symptoms or signs in this patient, despite the remarkable cerebellar,
brainstem, and spinal cord hemosiderin deposits. The auditory evoked potential demon-
strated subthreshold clinical auditive loss. Accordingly, a period of many years is between the
bleeding and the onset of the clinic and radiological signs of SS. Arguably, this patient will se-
quentially disclose signs and symptoms related to the cerebellar and vestibulocochlear neu-
rodegenerative process that underly SS.

A history of less severe annual headache episodes since adolescence before admission
may suggest that the patient had mild and chronic intracranial hypertension secondary to SS
and presently discloses an acute episode of intracranial hypertension crisis. The exact mech-
anism of acute intracranial hypertension crisis is speculative. As far as there was no hydro-
cephalus in this patient, it is reasonable to state that the crisis might have occurred due to
malabsorption of CSF [23] or was eventually associated with cerebral venous hypertension
[19]. Feasibly, the recurrent subtle bleeding could be associated with the acute intense inflam-
matory process in leptomeningeal endothelial cells, which in turn would lead to CSF slowing
absorption or eventually, venous hypertension. Indeed, animal experiments with subarach-
noid injection of either whole blood, hemolyzed red blood cells, or dextran-iron complex dis-
closed interesting pathological vascular findings, beyond the neurodegenerative process.
There was severe inflammation of the meninges, deposition of iron-positive material in the
cells of the ependyma, and also in the macrophages of the meninges. Moreover, iron-positive
material was observed in the cuboidal epithelium of the choroid plexus and in the perivascular
spaces of the brain tissue, hypothetically leading to CSF malabsorption and hydrocephalus
[25].Itis reasonable to presume that the recurrent acute headache episodes, in this case, could
be related to a chronic inflammatory process of meninges temporarily aggravated by new
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bleeding, though subtle, but severe enough to provoke additional trouble in an already inade-
quate CSF absorption.

In conclusion, this case depicts that iSS of the CNS is not only associated with chronic neu-
rological signs and symptoms of iron-associated neurodegeneration. Conversely, it may, in
quite rare instances, present as acute intracranial hypertension presenting as the classical
syndrome triad of severe headache, nausea and vomiting, and papilledema. The atypical fea-
tures characterizing this case and other similar published cases must broaden the clinical and
pathophysiological spectrum of cerebral SS.
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Fig. 1. Brain MRI depicting diffuse low signal at T2, T1, and GRE, on the infratentorial surfaces, at the level
of brainstem and cerebellum (3, ¢, and f), on the supratentorial at the thalamic surface at lateral ventricles,
corpus callosum, and quadrigeminal plate (b), and Sylvian fissure and paramedian surfaces at frontal and
temporal lobes (d).

Fig. 2. Sagittal T2 images depicting intense siderosis not only on spinal cord surfaces (a, b) but also in the
sacrum (c).
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