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Abstract Superficial siderosis of the central nervous
system is a rare disorder with hemosiderin deposition in
the spinal and cranial leptomeninges and subpial layer,
mostly from repetitive subarachnoid hemorrhage. Progres-
sive sensorineural deafness, cerebellar ataxia, and pyrami-
dal signs comprise the typical clinical presentation. We
describe a 47-year-old patient, who showed initial 2-year
improvement after successful occlusion of an intradural
bleeding source at T4. Secondary progression of symptoms
without further bleedings was noted thereafter, with a
clinical picture of amyotrophic lateral sclerosis. This case
illustrates that the disease may progress secondarily even
without re-bleedings, and that secondary progression might
be due to a similar pathomechanism as in amyotrophic
lateral sclerosis.
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Introduction

Superficial siderosis (SS) of the central nervous system
(CNYS) is a rare disorder with hemosiderin deposition in the
spinal and cranial leptomeninges and subpial layer, usually
resulting from chronic subarachnoid hemorrhage [2, 5, 6,
13, 21, 26]. The clinical course is progressive with a typical
triad of sensorineural deafness, cerebellar ataxia, and
pyramidal signs, and the prognosis is catastrophic [6]. In
about half of the patients, no source of hemorrhage can be
identified, while in the other half of the patients, dural
pathologies, cervical nerve root avulsions, vascular tumors,
and vascular anomalies have been found as bleeding
sources [1, 6, 8]. We describe the surgical management
and clinical course in a case, in which a vascular anomaly
was found on an intradural nerve root at the level of the
fourth thoracic vertebra (T4).

Case report

A 47-year-old woman, in good health except for a non-
insulin-dependent diabetes, presented with progressive
bilateral hypoacusia, cerebellar ataxia, and tetraparesis over
7 years. No relevant trauma or acute symptom onset was
reported. On admission, the patient was able to walk with
crutches, and the neurological examination showed muscle
cramps, fasciculations, diffuse amyotrophy, spastic tetrapa-
resis, and cerebellar ataxia. Hypacusia, ageusia with normal
olfaction, minor dysarthric speech, and dysphagia were
observed.

MRI of the entire neuroaxis showed signs of hemosiderin
deposition on the cerebral and cerebellar surface (Fig. 1), an
intradural fluid collection in the anterior cervical and
thoracic spine, a non-aggressive vertebral hemangioma in
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Fig. 1 Axial T2-weighted
cranial MRI, demonstrating
hypointense margins around the
mesencephalon (arrow) and
cerebellar hemispheres (arrow)
as signs of leptomeningeal
hemosiderin deposition

the body of T4, and an intradural calcification posterior the
T4 vertebral body, without contact to the vertebral
hemangioma (Fig. 2). CT scan additionally confirmed the
calcification posterior to and separated from the T4
vertebral body (Fig. 3). Spinal angiography was normal.
Cerebral spinal fluid (CSF) analysis was strictly normal
except for elevated ferritin levels (43.1 pg/l).

As the bleeding source was suspected to be located
within or in close contact with the intradural calcification

Fig. 2 Sagittal T2-weighted cervico-thoracic median and paramedian
MRI images showing an intradural fluid collection in the anterior
cervical and thoracic spine, a non-aggressive vertebral hemangioma in
the body of T4 and an intradural calcification posterior the T4
vertebral body, without contact to the vertebral hemangioma
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posterior to the T4 vertebral body, surgical exploration was
proposed to and accepted by the patient.

Surgery

Under general anesthesia, the patient was positioned in the
prone position with the operating table slightly rotated to
the lift up the right side. The skin was incised vertically in
the midline with a horizontal counterincision on the right. A
right-sided costo-transversectomy at T4 and TS and a right-
sided laminectomy T3-T5 was performed, which gave
extrapleural access to the lateral convexity of the vertebral
body of T4. The discs T3/4 and T4/5 were excised, and
right-sided hemi-corpectomy of T4 was performed. The T4
nerve root was sectioned extradurally. Under the micro-
scope, the dura was opened sagittally just ventral to the T4
root, and water-clear fluid was drained spontaneously from
the subarachnoid space. A thickened arachnoid membrane
became visible, and the expected anvil-like calcification
was found between the thickened arachnoid and dura
(Fig. 4). It was mobilized with a microdissector and

Fig. 3 Axial CT slice at T4 and sagittal reconstruction, demonstrating
the intradural calcification posterior to and separated from the T4
vertebral body
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Fig. 4 After anterior paramedian dural opening: intraoperative view
of the the calcification (arrow) between the arachnoid and dura,
measuring about 15 mm in cranio-caudal diameter

removed in toto (Fig. 5), leaving a small arachnoid defect.
Through this, a circumscribed bluish-reddish thin-walled
capillary or venous anomaly, compatible with a venous
cavernoma or hemangioma, bulged on the surface of a
nerve root antero-lateral to the spinal cord (Fig. 6). It was
coagulated with bipolars and thereby shrunk completely, so
no histology tissue was taken.

After watertight dural closure, the T4 hemi-corpectomy
was reconstructed by an expandable titanium cage and
secured by a transpedicular stabilization T3 to T5 (Fig. 7).

No perioperative complication occurred, and the patient
was mobilized on the second postoperative day. During
2 years after surgery, the patient showed minor improve-
ment of hearing (hearing devices could finally be dropped),
dysphagia, dysarthria, cerebellar ataxia, and tetraparesis.
Muscle cramps and fasciculations improved significantly.
Then, following a viral upper respiratory infection, deteri-
oration with slowly progressive weakness of arms and legs
was noted again. CSF analysis at that time was normal
without signs of acute or chronic re-bleeding, and MRI
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Fig. 5 Removed calcification

Fig. 6 Microsurgical view of the thin-walled vascular anomaly
(suspected cavernoma or hemangioma; arrow) on an intradural nerve
root at T4

revealed no further fluid collections and no arachnoid
scarring with associated myelopathy (Fig. 8). Cranial MRI
images at that time were unchanged compared to preoperative
images (Fig. 9). Electroneuromyography showed slightly
progressive upper and lower motoneuron dysfunction, and
the electrophysiological revised El Escorial criteria were
consistent with definite amyotrophic lateral sclerosis (ALS)
[4]. However, clinical aspects (hypoacusia, ageusia, and
cerebellar ataxia) and neuroimaging go beyond the exact
diagnosis of ALS. Despite intensive physical therapy and
even without further re-bleedings, the disease continued in a
slow progression with severe cerebellar ataxia, muscle
wasting, and weight loss to a body mass index of 16. The
patient finally died from pneumonia 3 1/2 years after surgery.

Fig. 7 Postoperative lateral thoracic spine radiograph, showing the
reconstruction of the corpectomy by an expandable titanium cage and
transpedicular fixation T3-5
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Fig. 8 Sagittal T2-weighted cervico-thoracic MRI 2 years postoper-
atively revealed no further fluid collections and no arachnoid scarring
with associated myelopathy

Discussion

Superficial siderosis of the CNS has been consistently
attributed to chronic subarachnoid hemorrhage, but the
exact pathomechanism is poorly understood [1, 5, 6, 18].
Excessive intrathecal iron from recurrent subdural bleeding
leads to overloaded ferritin biosynthesis capacity of micro-
glial cells; free radicals result and lipid peroxidation causes
neuronal injury [10]. In contrast to glial cells, Schwann
cells are spared, explaining the confinement of the disease
to the CNS [9]. Due to its rarity, diagnosis of a superficial
siderosis of the central nervous system requires a high
index of suspicion [5, 18]. The typical clinical presentation
includes progressive sensorineural deafness, cerebellar

Fig. 9 Axial T2-weighted
cranial MRI images 2 years
postoperatively show hypoin-
tense margins around the
mesencephalon (arrow) and
cerebellar hemispheres (arrow)
without change compared to
preoperative images
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ataxia, and pyramidal signs; dementia, bladder disturbance,
anosmia, ageusia, anisocoria, and sensory signs have been
observed as other typical symptoms in a systematic review
[6, 14]. The symptoms occur many years after the onset of
bleeding [1, 18], and the diagnosis is usually made very late
because of the rarity of the disease [6, 17]. MRI is the
neuroimaging of choice and shows a typical circumferential
hypointensity rim around neural structures on T2-weighted
and gradient echo sequences, indicative of hemosiderin
deposition, particularly on the superior vermis and the
cerebellar hemispheres [1, 3, 20, 21]. MRI of the entire
neuroaxis is always warranted in the search of a potential
bleeding site [5, 6, 18]. CSF analysis may inconsistently
reveal elevated red blood cells (RBC) or xanthochromia[1, 5].
In our case, repeated CSF analysis never showed RBC or
xanthochromia, but preoperative lumbar puncture revealed
very high ferritin levels that lowered by half in the first year
after operation.

In approximately 50% of the reported cases, no bleeding
source was found, and untreated SS of the CNS is associated
with a disabling progressive course [1, 5, 6, 20]. Medical
therapies with iron chelation or steroids have not been
found effective [6, 9, 24, 27] except for a 6-month
improvement reported in a single case [22].

In the other half of cases, the following bleeding sources
have been identified [1, 6-8, 11-13, 15, 16, 26]: vascular
tumors (mostly ependymomas), meningoceles or pseudo-
meningoceles after cervical nerve root avulsion, status post
hemispherectomy, and vascular anomalies (cavernoma,
arterio-venous malformation, arterio-venous fistula, aneu-
rysm). The vascular anomaly on the intradural nerve root at
T4 could have been the bleeding source in our case, as the
micro-surgical appearance was compatible with an intra-
dural extramedullary cavernous angioma or hemangioma
(Fig. 6), as has been previously described [19, 23], too
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small to be detected on MRI or angiography at the time of
presentation, or the calcification (Figs. 3 and 5) could
have been a calcified meningioma functioning as bleeding
source. As no histology was taken, the exact cause of
bleeding remains open, but in any case, no further
bleedings were observed after surgical elimination of the
bleeding cause.

Surgical exclusion of the bleeding source is the only
therapeutical option to stop the progression of the disease
[1, 6, 12, 13, 17, 26].Yet, it remains unclear, whether the
existing hemosiderin deposits in the leptomeninges and
subpial layer will continue neuronal injury even after
exclusion of the bleeding source [18]. Long-term outcome
data in patients with surgical treatment of SS are scarce;
most reports indicate no further progression of symptoms
after surgery [5, 7, 12, 13, 25, 26], while others show that
the disease may progress slowly even after surgery as the
damage progression may be irreversible at the time of
diagnosis [18]. Our case confirms that surgical exclusion of
the bleeding site in SS of the CNS can stop further
deterioration at least for a limited time. It also shows that
even without further re-bleedings, secondary progression
can occur in the form of a progressive upper and lower
motoneuron disease, compatible with the clinical picture of
ALS. This in return, suggests a common pathophysiological
mechanism in the form of iron toxicity to the spinal cord
including both the cortico-spinal tract and anterior horn
cells, to cerebellar neurons and cranial nerves. To our
knowledge, the association of SS and anterior horn-cell
dysfunction has been expressed in one paper only [28], and
this is the first report to describe a concomitant clinical
picture of ALS. Further investigations and systematic
electrophysiological studies in SS patients may help to
better evaluate this association. Finally, it must remain
open, if the patient coincidentally suffered from ALS as a
second independent disease, but the statistical coincidence
of ALS with SS of CNS is probably very low.

Conclusion

SS of the CNS is extremely rare, and a high index of
suspicion is necessary for a timely recognition of the
disease. The entire neuroaxis should be investigated with
MRI for a bleeding source, the surgical exclusion of which
stops symptom progression at least for a limited time. In
our case of SS, surgical treatment of an intradural bleeding
source at T4 led to mild clinical improvement for 2 years,
after which, neurological deterioration mimicking ALS
continued even without further re-bleeding.
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