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Objective: To describe cochleovestibular aspects of superficial
hemosiderosis of the central nervous system.

Background: Superficial hemosiderosis of the central nervous
system is a rare disease in which cochleovestibular impairment,
cerebellar ataxia, and myelopathy are the most frequent signs.
Chronic recurrent subarachnoidal hemorrhage with bleeding
into the cerebrospinal fluid is the cause of deposition of hemo-
siderin in leptomeningeal and subpial tissue, cranial nerves, and
spinal cord. Removing the cause of bleeding can prevent irre-
versible damage to these structures. Because this is the only
effective treatment, an early diagnosis is crucial.

Study Design: Retrospective case review.

Setting: Tertiary referral center.

Patient: A 72-year-old woman with superficial hemosiderosis
of the central nervous system that developed when she was
age 39.

Methods: Neurologic and imaging diagnostic examinations
and longitudinal evaluation of cochleovestibular features were
performed. Neurosurgery was not performed.

Results: Progressive bilateral sensorineural hearing loss and
severe vestibular hyporeflexia developed within 15 years,
which can be attributed to lesions in the cochleovestibular sys-
tem. Additional pathology of the central nervous system devel-
oped later.

Conclusion: The patient demonstrated cochlear and vestibular
findings that are typical of this pathologic condition. It is the
first documented case with extensive serial audiometry used to
precisely outline the degree of hearing deterioration during the
course of the disease. Key Words: Annual threshold deterio-
ration—Cochlear—Longitudinal regression analysis—
Progressive hearing loss—Superficial hemosiderosis.
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Superficial hemosiderosis of the central nervous sys-
tem (SH-CNS) is a condition with intracellular and ex-
tracellular deposition of hemosiderin on the surface of
multiple structures of the CNS, with predisposition for
the leptomeninges, subpial tissue, spinal cord, and cra-
nial nerves (1,2). It develops after recurrent or episodic
bleeding into the subarachnoidal space (3). Main signs
and symptoms relate to progressive sensorineural hear-
ing impairment, ataxia, and myelopathy. It is a rare con-
dition that is highly debilitating when progressive.

Approximately 100 cases have been reported. Most
reports have focused on neurologic and radiologic as-
pects. This can be explained by the extensive and dev-
astating effects on CNS structures and the fact that mag-
netic resonance imaging (MRI) is the current standard
for the diagnosis of SH-CNS. Because one of the first
symptoms is progressive bilateral hearing loss, the oto-
laryngologist needs to be aware of this condition so that
early recognition may allow potential for therapy.
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This report highlights the cochleovestibular aspects of
SH-CNS. It is the first one to our knowledge that in-
cludes long-term audiological follow-up. It illustrates the
rapid deterioration of hearing in this condition.

CASE HISTORY

The patient was a 72-year-old woman. At age 39, she
had presented with bilateral tinnitus. During the next
decade of her life, she experienced highly progressive
bilateral hearing loss, eventually leading to total deafness
at age 54. At age 52, progressive gait problems devel-
oped, which were slowly progressive over the next 7
years. They manifested as unsteadiness and imbalance,
especially during walking and cycling. There was no
dizziness. Additional problems developed in the seventh
decade of her life, including urinary retention, constipa-
tion, hypothyroidism, hyposmia, transient tremor of her
hands, and severe weight loss. She underwent extensive
laboratory, neuro-otological, neurologic, and MRI ex-
aminations during long-term follow up. The diagnosis of
SH-CNS was established on the basis of the cerebrospi-
nal fluid and MRI findings; no surgical or medical
therapy was provided.
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Pure tone audiograms, obtained between the ages of
43 and 58 years, showed severe progression of sensori-
neural hearing loss, which was bilateral and fairly sym-
metrical (Fig. 1). Longitudinal analysis of serial audiom-
etry data was performed. The annual threshold
deterioration rate (ATD) in decibels (dB) of hearing loss
per year over the period of steepest decline ranged from
12 to 24 dB/y at 0.25 to 8 kHz (Fig. 2). A conspicuous
increase in ATD was seen from approximately age 45
onwards in the mid-frequency and high-frequency
ranges. The ATD in the low frequencies culminated a
few years later, from approximately age 50 onwards.
Onset of progression tended to be later in the low-
frequency range. Within approximately 5 to 8 years from
the onset of clear-cut progression, she became com-
pletely deaf (Fig. 2). At age 47, the maximum speech
recognition score for the right ear was 60% at a pure tone
average for 1, 2, and 4 kHz of 73 dB (Fig. 1), i.e., in
accordance with purely cochlear dysfunction. There was
no useful speech discrimination left in either ear from
age 52 years onwards (Fig. 1). Vestibulo-ocular exami-
nation was performed at age 59, using rotatory tests (eyes
open in the dark) with electronystagmography and com-
puter analysis. There was no sign of any ocular motor
dysfunction recorded. Severe vestibular hyporeflexia,
with an extremely short time constant of the vestibulo-
ocular reflex (3 to 4 seconds; normal >10), was found
bilaterally.

At age 52, she reported gait problems that were slowly
progressive over the next 7 years. The first neurologic
examination at age 59 showed discrete sensory signs of
the lower legs and bilateral extensor plantar responses.
CT scan of the brain yielded normal results. Over the
subsequent years, her gait slowly deteriorated, but climb-
ing stairs remained possible until age 66 years. At age
62, she reported bladder disturbances. Examination dis-
closed gait ataxia. Anemia (Hb, 5.8 mmol/L) and an
erythrocyte sedimentation rate of 108 mm in the first
hour raised the suspicion of rheumatic polymyalgia. She
was hospitalized and prednisone treatment was initiated.
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FIG. 2. Longitudinal regression analysis. A sigmoidal dose-
response curve with variable slope is fitted to the (binaural mean)
threshold data. Visually fitted tangents to the curve at the inflex-
ion point (not shown) indicated average progression culminating
at values of between 12 and 24 dBly.
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FIG. 1. Pure tone thresholds (air
conduction level in decibel hear-
ing loss) at various ages (y) in the
right (R) and left (L) ears. Bilateral
total deafness (downward arrows)
was present at age 54. Percent
correct phoneme recognition
score indicated next to symbol
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A hip fracture at age 63 necessitated internal hip fixation.
In subsequent years, her gait further deteriorated. At age
60, she started to experience pain in both legs. From then
on, she was unable to walk unassisted or climb stairs.
Neurologic examination showed bilateral hyposmia, up-
ward gaze palsy, bilateral gaze-evoked nystagmus, and
bilateral anacusis. There was bilateral MRC grade 4 pa-
ralysis of the extensor muscles of the feet, hypertonia of
the legs, leg hyperreflexia, and extensor plantar re-
sponses. She also had prominent gait ataxia, hypermetria
on heel-to-shin testing, impaired vibration perception,
and akinesthesia in the lower legs. The mini-mental state
examination was unremarkable. A lumbar puncture at
this time revealed 1,850/p.L erythrocytes and 8/l white
cells, with increased cerebrospinal fluid levels of biliru-
bin (1.02 wmol/L, normal <0.5), protein (748 mg/L, nor-
mal <550), and ferritin (103 pg/L, normal <10). There
were no oligoclonal bands.

Axial T,-weighted MRI of the brain showed features
characteristic of diffuse superficial hemosiderosis of the
CNS. In addition, cerebellar atrophy and biparietal cor-
tical hemisphere atrophy were found. No aneurysm or
arteriovenous malformations were detected. Cerebral an-
giography was normal (Fig. 3). Spinal MRI was suspect
for diffuse superficial hemosiderosis and medullar atro-
phy. It showed scalloping of the lumbar vertebrae, dural
ectasia, and/or cysts arising from the dural roots (Fig. 4).
No evident bleeding source was found.

The last visit of the patient to the ears, nose, throat
outpatient clinic was 15 years ago. She is now 73 years
old and needs intensive nursing because of her severe
neurologic condition, which is also the reason for not
considering cochlear implantation as a reasonable option.

DISCUSSION

In approximately 50% of reported cases of SH-CNS, a
bleeding source could be established. Main sources of
bleeding are tumor, vascular malformation, and damage
to the meninges (4,5). Interestingly, there have been re-
cent reports showing that SH-CNS can be secondary to
transthyretin amyloidosis (6,7).

The clinical triad usually observed in SH-CNS con-
sists of hearing loss, cerebellar ataxia, and spinal cord
dysfunction (myelopathy). Of these features, sensorineu-
ral hearing loss is most frequently reported (95%) (5). In
most cases, it has also been the first symptom to occur
(8,9).

However, the appearance of clinical signs and symp-
toms during the siderosis process is not obligatory. Of-
fenbacher et al. identified 13 patients with imaging evi-
dence of SH-CNS in a consecutive series of 8,843 brain
MRI studies (10). Only two of the 13 patients had clini-
cal features indicative of SH-CNS, including progressive
hearing loss, cerebellar ataxia, myelopathy, and demen-
tia. Two more patients showed only hearing loss. These
patients, and six others, showed focal neurologic deficits
in association with specific MRI findings. One patient
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reported “dizziness” and three had repeated episodes of
headache.

Tinnitus and progressive bilateral sensorineural hear-
ing loss were the first symptoms to occur in our patient.
Audiometry, including speech audiometry, indicated pri-
mary cochlear pathology. However, because no electro-
cochleography or brainstem auditory-evoked potentials
were evaluated, retrocochlear pathology could not be ex-
cluded. We found severe vestibular hyporeflexia bilater-
ally at age 59 years. This might fit in with vestibular
failure of either peripheral or central origin; however, at
that age she had no ocular motor disturbances. At more
advanced ages, it was obvious from the deterioration in
neurologic functions that the process was affecting vari-
ous central pathways outside the auditory system. Over
the years, ocular motor and visual features, head move-
ment-dependent oscillopsia (HMDO), ataxia, imbalance,
and gait disturbances developed, probably related to
CNS (mainly cerebellar) and vestibular dysfunction. Pe-
ripheral sensory nerve dysfunction probably accounted
for at least part of the gait problems. According to the
review by Fearnley et al., cerebellar ataxia is seen in 88%
of patients with SH-CNS (5).

HMDO is typical of vestibular areflexia. Clear-cut diz-
ziness is usually lacking in such patients. Vestibular fail-
ure, i.e., severe hypofunction or areflexia, has been re-
ported in SH-CNS by several authors (5,8,11-18).

The number of reports detailing hearing loss is limited
(2,12,17-20). Generally, hearing loss has been reported
to be fairly symmetrical (2,9,12,17,19), but asymmetry
may also occur (5,14,20,21). Rapid progression in hear-
ing loss was found in many cases (5,6,8,9,11,13—
15,17,19,20,22) but was missing in others (18,21,23).

Reported audiometric data showed major loss at all
frequencies, especially the high frequencies (2,5,8,11—
13,17-20,22,24-26). Our patient showed an ATD of 12
to 24 dB/y. This may represent exceptionally high pro-
gression. From the limited follow-up data in previous
reports, we could derive tentative ATD values in only a
few cases: approximately 7 to 8 dB/y (all frequencies) in
the cases reported by Kwartler et al. (19) and Castelli and
Husband (9) and approximately 15 to 20 dB/y in the
low-frequency range in the case described by Takasaki et
al. (17). The latter case hardly showed any progression in
the high-frequency range, whereas in the present case
substantial progression was found for all frequencies.
Our patient showed an earlier onset of progression at the
higher frequencies (Fig. 2); we could not find any sug-
gestion of differences in onset age between frequencies
in any of the previously reported cases. An earlier onset
of deterioration at the higher frequencies could be accor-
dance with predominant involvement of the high fre-
quencies (Fig. 3 and 4).

Noetzel (27) was the first to associate SH-CNS with
chronic subarachnoidal hemorrhage. He attributed this to
diffusion of blood pigments from the subarachnoidal
space into the pial and subpial layers. It was unclear how
superficial siderosis could lead to neurologic, especially
cochleovestibular, dysfunction until appropriate animal
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FIG. 3. Axial T,-weighted MRI of the brain shows hypointense
etching around the pons, the culmen of the cerebellum, and the
medial aspect of the temporal lobes.

experimental model work was undertaken, including in-
tracisternal injections of blood, iron, and iron-containing
heme (28). The cells in the CNS that take up iron or
iron-containing substance have been identified as pre-
dominantly glial cells, and the intracellular biochemical
reactions that are involved in subsequent iron metabo-
lism (ferritin biosynthesis) have been largely elucidated
(3). The human body is capable of eliminating a certain
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FIG. 4. Axial T,-weighted MRI scan shows atrophy of the tho-
racic spinal cord with hypointense etching caused by superficial
hemosiderosis.

amount of iron from intracranial spaces. Therefore, no
evident SH-CNS develops until after approximately 6
months of repeated bleeding. When the iron-binding ca-
pacity is limited, the remaining iron catalyzes reactions
(lipid peroxidation) releasing free radicals, which causes
localized cell death and tissue necrosis (29).

Histopathologically, superficial hemosiderosis is char-
acterized by typical light-brown staining and atrophy
(1,4). Particular structures in the CNS seem to be af-
fected far more frequently than others, such as, for ex-
ample, the superior vermis of the cerebellum, the surface
of the brainstem, brain tissue surrounding the Sylvian
cisterns, and cranial nerves I, II, and VIII (4). Selective
damage of these CNS structures may be related to the
presence of cells involved in the biosynthesis of ferritin.
Koeppen and Dentinger (4) demonstrated preferential
immunohistochemical staining of proximal (glial) tissue
compared with distal Schwann cells of cranial nerve VIII
in five cases. In contrast to most other cranial nerves, the
glial Schwann cell junction in nerve VIII is not located
near the brainstem. It has the longest glial sheath, which
makes it most vulnerable.

Hearing loss in SH-CNS has most often been attrib-
uted to retrocochlear lesions. Several authors reported
interwave delay in brainstem auditory-evoked potentials,
indicating retrocochlear pathology (9,18,30). Fearnley et
al. (5) could not find any consistent brainstem auditory-
evoked potentials. Takasaki et al. (17) found an in-
creased threshold of cochlear microphonics on electro-
cochleography, attesting to cochlear pathology. An
additional retrocochlear finding in their patient was that
given the level of pure tone hearing impairment, she
showed poor speech discrimination. Stillhard et al. (25)
reported decay of stapedial reflexes bilaterally. Fearnley
et al. (5) reported absence of ipsilateral and contralateral
stapedial reflexes in their patient.

Two reports have appeared that suggested the exis-
tence of a cochlear deficit only, without any involvement
of cranial nerve VIII (13,15). Successful cochlear im-
plantation was mentioned in these reports and in that by
Takahashi et al. (16). No satisfactory explanation was
given for the absence of central neurologic lesions or the
presence of selective cochlear damage. Apparently, the
latter also applies to our patient at ages at which cochleo-
vestibular impairment was documented but central defi-
cits were not yet evident. Hypothetically, cochlear func-
tion could have deteriorated as a consequence of an al-
tered internal cochlear environment, for example, caused
by hypoxia or a change in perilymph composition. Ha-
ferkamp et al. (15) suggested the involvement of the
cochlear aqueduct that connects the subarachnoidal and
the perilymphatic spaces. Whether siderosis can be iden-
tified within the cochlea remains to be confirmed by
MRI or related methods, if at all possible. Irving and
Graham (13) reported MRI findings including a normal
signal from the cochlea, but there may have been a lack
of detail in the signal. Histopathologic examination of
temporal bones has not yet been performed and, once
performed, should preferably include immunohistochem-
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ical methods. It would seem that labyrinthine dysfunc-
tion caused by hemosiderosis, if it exists, also accounts
for the finding of vestibular areflexia.

Today the suspected clinical diagnosis can be con-
firmed by means of T,-weighted MRI. A hypointense
“etching” can be seen along the pial and arachnoid sur-
faces, caused by the presence of ferric ions. There is a
predisposition for structures in the posterior cranial fossa
and the spinal cord.

The first step in treatment of SH-CNS is to locate and
eliminate the source of bleeding. Until today, medical
therapy by means of iron chelation has generally not
been proven to be effective. We found one report that
claimed partially successful treatment with iron chelation
therapy (30); however, abnormalities of brainstem audi-
tory-evoked potentials persisted. As stipulated, cochlear
implantation may be an option for symptomatic treat-
ment of hearing loss, but it should be realized that this
does not stop the underlying deterioration process.

For the otolaryngologist, it is important to note that in
a case of acquired, distinctly progressive hearing dete-
rioration with additional features attributed to CNS in-
volvement, SH-CNS should be included in the differen-
tial diagnosis. Vestibulo-ocular examination, speech
audiometry (when still possible), analysis of brainstem
auditory-evoked potentials, and, most importantly, T,-
weighted MRI of the CNS should be performed.
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INVITED COMMENT

The condition seems to run a standardized course, al-

though by description this article indicates a cochlear
origin and potential for use of cochlear implantation in
some patients. This has potential for therapeutic benefit.

In the literature there is an assumption that it is ex-

cessive blood in the subarachnoid space that is the cause
of symptoms; however, it may be that the defect is in
metabolizing normal amounts of blood from the cerebro-
spinal fluid because of an inborn error.
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