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Abstract

Background and purpose: Spinal cerebrospinal fluid (CSF) leaks may cause a myriad of
symptoms, most common being orthostatic headache. In addition, ventral spinal CSF
leaks are a possible etiology of superficial siderosis (SS), a rare condition characterized by
hemosiderin deposits in the central nervous system (CNS). The classical presentation of
SS involves ataxia, bilateral hearing loss, and myelopathy. Unfortunately, treatment op-
tions are scarce. This study was undertaken to evaluate whether microsurgical closure of
CSF leaks can prevent further clinical deterioration or improve symptoms of SS.
Methods: This cohort study was conducted using data from a prospectively maintained
database in two large spontaneous intracranial hypotension (SIH) referral centers in
Germany and Switzerland of patients who meet the modified International Classification
of Headache Disorders, 3rd edition criteria for SIH. Patients with spinal CSF leaks were
screened for the presence of idiopathic infratentorial symmetric SS of the CNS.

Results: Twelve patients were included. The median latency between the onset of or-
thostatic headaches and symptoms attributed to SS was 9.5 years. After surgical closure
of the underlying spinal CSF leak, symptoms attributed to SS improved in seven patients
and remained stable in three. Patients who presented within 1year after the onset of SS
symptoms improved, but those who presented in 8-12years did not improve. We could
show a significant association between patients with spinal longitudinal extrathecal col-
lections and SS.

Conclusions: Long-standing untreated ventral spinal CSF leaks can lead to SS of the CNS,
and microsurgical sealing of spinal CSF leaks might stop progression and improve symp-

toms in patients with SS in a time-dependent manner.
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INTRODUCTION

Spinal cerebrospinal fluid (CSF) leaks cause spontaneous intra-
cranial hypotension (SIH) [1]. The incidence of SIH is estimated to
be 5/100,000. Its most common presentation is as an orthostatic
headache. Nonetheless, in practice, a broad range of manifesta-
tions like visual symptoms, nausea, vestibulocochlear symptoms,
cognitive dysfunction (so-called "brain fog"), fatigue, and chronic
subdural hematomas can occur [1-4]. Superficial siderosis (SS) is
a condition that is characterized by hemosiderin deposition in the
subpial layers of the brain and spinal cord, with an estimated prev-
alence of 1 in 10 million [5]. Patients usually take several years
to become symptomatic and classically present with cerebellar
ataxia, myelopathy, and bilateral hearing loss [6, 7]. It is thought to
be caused by continuous or recurrent bleeding into the subarach-
noid space. Etiologically, this has been described in the context of
amyloid angiopathy, neurosurgical procedures, and recurrent ep-
isodes of subarachnoid hemorrhage, and in patients with a spinal
CSF leak [7-13].

The association between spinal CSF leaks and SS has been
postulated for more than a decade. Spinal longitudinal extrathecal
collections (SLECs) are frequently observed in patients with SS [5,
6, 8, 11]. In addition, SLECs are a consistent indicator of ventral
CSF leaks [14]. SS is primarily associated with ventral spinal CSF
leaks, although other types of leaks have also been described [4,
15]. It has been reported that spinal CSF leaks are found in one
third of patients with SS and that SS develops in the presence of
a long-standing untreated ventral CSF leak [4, 11, 13, 15-19]. The
exact source of bleeding is still under debate. Nonetheless, two
significant mechanisms in the context of spinal CSF leaks have
been highlighted. One is that those friable epidural vessels along
the dural defect are responsible for the bleeding [16]. Another
proposed mechanism is that brain sagging, commonly observed in
patients with spinal CSF leaks, causes rupture or occlusion of the
cerebellar bridging veins with subsequent bleeding due to venous
stasis [4]. Previous case reports have shown that surgical sealing
of a spinal CSF leak stabilizes or improves SS symptoms [16, 20,
21]. Although an intriguing finding, larger cohorts are required to
substantiate this observation.

Therefore, we reviewed all cases of spontaneous spinal CSF
leaks assessed at our specialized neurosurgical SIH centers for SS.
The study aimed to analyze the effect of surgery on symptoms of SS.

METHODS
Patient population

This cohort study was conducted using data from a prospectively
maintained database of patients who meet the modified International
Classification of Headache Disorders, 3rd edition criteria for SIH [22].
The patient population consisted of a consecutive group of patients
with SIH and persistent spinal CSF leaks. The study was performed

following the STROBE statement and guidelines [23]. We screened
consecutive patients treated for spontaneous spinal CSF leaks in
the Departments of Neurosurgery, Freiburg University Hospital,
Germany, and Bern University Hospital, Switzerland, two centers
with extensive expertise in treating spinal CSF leaks. We included
patients from February 2016 to December 2020 with spinal CSF
leaks and hemosiderin deposits of the central nervous system (CNS)
seen on magnetic resonance imaging (MRI). Demographic, clinical,
functional, and imaging studies were extracted from patients' medi-
cal records and databases. Imaging and functional studies were in-
dependently reviewed by a board-certified neuroradiologist and a
board-certified neurosurgeon.

Both centers' ethical committees approved the study (Freiburg:
357/20, Bern: 2020-00645).

Patient inclusion and workup
Patients screened for SIH

Patients underwent a standardized diagnostic workup consisting of
imaging procedures, including MRI of the brain and spine, dynamic
digital subtraction myelography, and/or dynamic computed tomog-
raphy myelography [1, 24-27]. Additionally, functional diagnostic
modalities were used, such as sonography of the optic nerve sheath
diameter and lumbar infusion testing.

The diagnosis of a spinal CSF leak was made using previously
established clinical and radiological diagnostic criteria. It consisted
of extrathecal contrast accumulation seen on myelography, CT my-
elography, or MRI and microsurgical identification of the leak [1].

Patients screened for SS

The diagnosis of SS was made using radiological hemosiderin depos-
its of the CNS according to prespecified radiological criteria defined
as typical blooming artifacts along the pial layer on T2 or blood-
sensitive sequences (T2* gradient echo or susceptibility-weighted
imaging) [6].

Patients underwent a neurological workup with primary respect
to the presence of typical symptoms of infratentorial siderosis (i.e.,
cerebellar gait ataxia, bilateral hearing loss, and spinal symptoms
such as myelopathy). Nevertheless, with respect to other confound-
ing neurological diseases causing similar symptoms, care was taken
to exclude these. The authors also documented previous intracranial
bleeding events that might have caused SS. Symptoms were only
ascribed as being due to SS if they were progressive in nature and
manifested at least 6 months subsequent to the onset of SIH symp-
toms. The clinical manifestations of each patient were meticulously
assessed by two board-certified neurosurgeons or board-certified
neurologists. Patients with symmetric infratentorial SS without a
previously known intracranial bleeding event in the medical history
and a confirmed spinal CSF leak were included.
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level

SS—surgery,
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headaches—
SS, years

onset of

surgery,
years

Clinical follow-up

Location SS deposits

SLEC

SS symptoms

SS, years

Sex

Case

SLEC-

Gait unsteadiness

Brainstem, cerebellum

C5-T12 T1/2

/

Gait unsteadiness

a

46

61

10

and orthostatic

headaches

improved
Orthostatic headaches

bilateral

SLEC-

Cerebellum

C7-T10 Té/7

None

b

55

55

11

improved

SLEC-

Orthostatic headaches

Cerebellum bilateral

T4/5

T1-5

None

55

57

12

improved

Abbreviations: /, does not apply; CSF, cerebrospinal fluid; F, female; M, male; SLEC, spinal longitudinal extrathecal collection; SLEC-, full regression of SLEC; SS, superficial siderosis.?Insufficient historical

data to determine the onset of symptoms and the corresponding latency period.

No report of SS symptoms.

Statistical analysis

Analyses were performed using the R software (version R 4.0.4)
through the studio interface version 1.4.1106. We used Fisher exact
test to determine whether there was a statistically significant asso-
ciation between the time since siderosis symptom onset and symp-
tom improvement. First, patients were categorized into two groups
based on the time since siderosis symptom onset: early presenters
(<3years) and late presenters (>3years). Then, we constructed a
2x2 contingency table, crossing the two groups of patients with
their binary outcomes (improved symptoms or stable symptoms). To
investigate the association between the presence of SLECs and pro-
gression to SS, we conducted a Fisher exact test. Probability values

of <0.05 were considered statistically significant.

RESULTS
Patient identification

Of 142 patients treated for SIH at both institutions during the inclu-
sion period, 95 had a ventral spinal CSF leak, and in total, we iden-
tified 12 patients with SS. Among them, six were female (Table 1,
Figure 1). All patients had predominantly infratentorial hemosiderin

Patients with confirmed spinal
CSF leaks
N=142

! }

Bern 2016-2020 Freiburg 2018-2020
N=72 N=70
Ventral leaks Ventral leaks
N=50 N=45

Patients with <18 years (0)

hemosiderin i
Exclusion ICH (0
deposits (MRI) IVH 50;
N=12 Tumor (0)

! l

Symptomatic Asymptomatic
N=10 N=2

FIGURE 1 Study flow chart. Twelve patients with hemosiderin
deposits were identified from two neurosurgical centers, 10

of whom had classical superficial siderosis symptoms (gait
unsteadiness, bilateral hearing loss, and limb weakness). CSF,
cerebrospinal fluid; ICH, intracerebral hemorrhage; IVH,
intraventricular hemorrhage; MRI, magnetic resonance imaging.
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Onset of orthostatic

@ o Improvement
headaches
@ Onset of SS symptoms e No improvement

Surgical closure of
spinal CSF leak

Q Does not apply

Follow up

Orthostatic
{ SSaymptoms ] [ headache ]

#3(4

#4@

-30 -20 -10

10 20 Years

FIGURE 2 Timeline of events in patients with spontaneous ventral spinal cerebrospinal fluid (CSF) leaks and superficial siderosis (SS) of
the central nervous system (for Case 10, insufficient historical data were available to calculate the latency times accurately; the patient did,
however, report a history of orthostatic headaches and SS; he improved in both after surgery). Note the long latency time between the onset
of orthostatic headaches and the beginning of SS symptoms (7-29 years, median=9.5years). All but three patients (Cases 3-5) improved in
terms of SS symptoms after surgery. Patients who improved presented within 1-3years after the onset of SS symptoms, and patients lacking
clinical improvement presented after 8-12years. Orthostatic headaches improved in all patients, independent of prior symptom duration.
Patients 11 and 12 (Table 1) are left off due to lack of SS symptoms. Created with BioRender.com.

deposits. In addition, all patients demonstrated an SLEC due to a
ventral spinal CSF leak caused by discogenic microspurs. All ventral
spinal CSF leaks were intraoperatively confirmed and microsurgi-
cally sealed. The mean age at surgical closure was 59 years. No sig-
nificant comorbidities were reported in the whole cohort.

Clinical features

Ten patients reported one or multiple classical symptoms attributed
to SS (i.e., gait unsteadiness, imbalance, hearing loss). Two patients
had hemosiderin deposits without reporting any typical symptoms
of SS (Table 1, Cases 11 and 12). Seven patients reported a history
of orthostatic headaches; in four patients, we had sufficient histori-
cal data to calculate the latency between the onset of orthostatic
headaches and the onset of typical symptoms of SS; the median
latency was 9.5years (7-29 years). The graphical representation in
Figure 2 visualizes the latency period between the onset of orthos-
tatic headaches and the beginning of classical SS-related symptoms
(Figure 2, Cases 1-4).

The average follow-up after surgery was 6.8 months. Seven of the
10 symptomatic patients reported improvement of SS-related symp-
toms. Three patients reported stable symptoms (Table 1, Figure 2,

Cases 3-5). The two patients with asymptomatic hemosiderin depos-
its on brain MRI did not develop symptoms. Patients who improved
presented between 1 and 3years after the onset of symptoms of SS,
as opposed to patients who presented between 8 and 12years, who
did subsequently not improve (Table 1, Figure 2). Clinical neurological
examination and assessment found improvement in ataxia and gait in
seven of 10 patients at the follow-up. Hearing loss was stable regard-
ing audiometry in seven of 10 patients.

With the microsurgical closure of the spinal CSF leak, orthostatic
headaches of all symptomatic patients improved (Table 1, Figure 2).
On follow-up spinal MRI imaging, epidural CSF collections (i.e.,
SLECs) ultimately resolved in all patients (Table 1).

In one patient, serial MRI imaging showed the development of SS
in the presence of an untreated spinal CSF leak (Figure 3). The patient
initially had orthostatic headaches and extradural fluid collections on
MRI and was treated with multiple blood patches at other institutions,
which did not provide long-term improvement. No further actions
were taken, and 7 years later, the patient developed gait unsteadiness,
imbalance, and falls, which were found to reflect cerebellar gait ataxia
during the neurological examination, upon which SS was discovered
on imaging, and SLECs were still present. Eventually, a ventral spinal
CSF leak was diagnosed at our institution and treated microsurgically.
The patient's symptoms improved after surgery (Figure 3).
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Surgical closure of the ventral spinal CSF
leak

Onset of orthostatic headache

Onset of classical SUSI-syptoms

Cranial and spinal MRI

®®O®O

(o))
o]
—
o bk
3
o
=
7]

FIGURE 3 Timeline of events in one prototypical patient with a long-standing untreated ventral spinal cerebrospinal fluid (CSF) leak
(Table 1, Figure 2, Case 1). Consecutive magnetic resonance imaging (MRI) shows the development of superficial siderosis (SS) in the
presence of a ventral spinal CSF leak. This patient developed orthostatic headaches at the age of 47 years and was seen to have spinal
longitudinal fluid collections (SLECs) on MRI without signs of hemosiderin deposits (a, b). He was treated with multiple epidural blood
patches, none of which had a lasting effect on his symptoms. By the age of 54 years, he started to suffer from gait ataxia. Infratentorial
hemosiderin deposits were noted on the newly obtained MRI (c-e). SLECs were still present and unchanged. During workup at our
institution, a ventral spinal CSF leak was identified and microsurgically closed. This case illustrates the development of SS in the presence of

an untreated spinal CSF leak. Created with BioRender.com.

Fisher exact test yielded a p-value of 0.01, a statistically sig-
nificant association between the time since symptom onset and
symptom improvement in patients with SS who underwent surgical
closure of spinal CSF leaks. These findings suggest that patients pre-
senting earlier in the disease course are more likely to experience
improvements in their symptoms following the surgical intervention.

Whereas all patients (100%) with SS were SLEC-positive and
had a surgically proven spinal ventral CSF leak, only 95 of 130 SS-
negative patients were SLEC-positive. Fisher exact test revealed a
statistically significant association between the presence of SLECs

and the development of SS in our patient cohort (p=0.03).

DISCUSSION

As shown by this surgical series, representing a large cohort of pa-
tients with both SS and ventral spinal CSF leaks, surgical closure of
spinal CSF leaks is a potentially highly effective treatment of SS. The

chronological events found in our cohort support the hypothesis
that long-standing, untreated ventral spinal CSF leaks can lead to SS.
Additionally, in the presence of an untreated ventral spinal CSF leak,
we exhibited a case of spinal CSF leak and the gradual emergence of
SS on follow-up brain MRI (Figure 3). We provide evidence that even
long-standing symptoms of SS are improved by surgical closure of
spinal CSF leaks (70%) or the clinical decline can be stopped (30%).
On the other hand, surgical closure of the leak improved patients
only if performed early, based on this series, that is, no longer than
2years after the diagnosis of SS.

Our findings imply that all SS patients without solid evidence of
other causes need to be scrutinized for spinal CSF leaks with subse-
quent surgical closure of respective ventral spinal CSF fistulas.

Additionally, we assume that surgery should not be delayed,
because there might be a threshold beyond which some symptoms
may not be fully reversible. Finally, due to the rarity of the disease,
our treatment paradigm should be evaluated in a prospective multi-
center study.
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That spinal CSF leaks are causally linked to SS has been pro-
posed for several years [4, 11, 13, 15-17]. A recent comprehensive
study by Schievink et al. in 2023 elucidated that infratentorial SS
can develop in almost 3.6% of a CSF leak cohort [28]. A recent
review by Kumar describes CSF leaks as a significant etiology
of SS [29]. We observed latency of several years between the
onset of orthostatic headaches and the onset of SS (Figure 2).
Additionally, in the presence of an untreated ventral spinal CSF
leak, we demonstrated the gradual emergence/development of SS
on follow-up brain MRI (Figure 3). The chronological events found
within this surgical series of 12 patients supports the hypothesis
that long-standing, mostly over several years, untreated ventral
spinal CSF leaks can lead to SS.

Single case reports have shown that SS symptoms improved
after surgical sealing of a spinal CSF leak [16, 18, 21]. We investi-
gated this claim in our surgically treated cohort and showed that
SS symptoms improved after surgery or did not progress during
follow-up. The latency between the onset of SS symptoms and
the timepoint of surgery seems to be very important, because
only patients with a relatively short time interval from diagnosis
(approximately 1year) of SS to surgery improved (Figure 2). This
observation was especially striking in patients who were treated a
couple of months after the onset of SS symptoms (Figure 2, Cases
7-9). We can only speculate on the possible pathophysiological
mechanisms behind this. The clinical improvement of SS coincides
with the normalization of the MRI with respect to SLECs and brain
sagging. We think that SS is a late sequela of a persisting spinal
CSF leak and, therefore, SIH. SS represents a continuum of the
same pathophysiology.

The hypothesis regarding the development of SS in CSF leak pa-
tients involves iterative minor intrathecal bleeding arising from the
dura due to the presence of a spinal CSF leak. The bleeding may be
due to tearing of the spinal dura at the leak level, causing the forma-
tion of small new vessels at the tear site and probably repetitive minor
bleeding, leading finally to SS. Our findings support the hypothesis
that SLECs, as an indicator of ventral CSF leaks, are closely associated
with the development of SS. This mechanism may stop once the spi-
nal pathology is surgically repaired. A recent comprehensive study by
Schievink et al. in 2023 came to the same conclusion. Although infra-
tentorial SS can develop in various types of spinal CSF leaks, it predom-
inantly emerges from chronic ventral CSF leaks [28].

We do not have data yet on whether this improvement will last,
because the free iron products that are already present will most
likely continue to exert their toxic effects on the CNS [5]. Thus, de-
spite finding intriguing results, we need to await long-term follow-up
from a prospective multicenter trial.

Our surgical results compare favorably to other treatments
of SS, like iron chelators such as deferiprone. Clinical response to
deferiprone in small observational case series was mixed, with ongo-
ing clinical progression in up to 37% of patients despite treatment [5,
30, 31]. Moreover, deferiprone was poorly tolerated, with up to 40%
of patients withdrawing from treatment [32, 33].

Our results also reflect SS's slowly progressive disease course
[7]. Despite having classical hemosiderin deposits seen as blooming
pial artifacts on gradient echo MRI, two of our patients were asymp-
tomatic (Figure 2, Cases 11 and 12). One hypothesis might be that
hemosiderin deposits seen on gradient-echo MRI are formed from
ferritin and iron, and we do know that neurotoxicity comes mainly
from free iron [34, 35]. The latter occurs when the glial cells no lon-
ger produce enough ferritin to bind the free iron. Early CSF leak
treatment may have stopped repeated minor bleeding and allowed
the glial cell to clear the free iron without symptom development.

As illustrated in Figure 2 and Table 1, some patients did not re-
port orthostatic headaches. In SIH, some patients commonly com-
plain only of a brief period of orthostatic headaches, which may
subside [36-40]. There are additional oligosymptomatic patients not
reporting orthostatic headaches with subtle symptoms of brain fog
or cognitive decline that need to be actively asked for [7, 41].

It is noteworthy to highlight that the understanding regarding
the emergence of SS from spinal CSF leaks has historically stemmed
from the research at specialized CSF leak referral centers, notably
the work of Schievink et al. in 2023 [28]. Our study provides a ro-
bust validation of these earlier insights focusing on the outcome
of patients after CSF leak treatment. As unveiled in our research,
the prevalence of SS in patients with spinal leaks is remarkable.
Recognizing the simultaneous presentation of both conditions is
vital and stresses the need for the medical community to be vigilant
of the intertwined nature of these diseases.

The current results corroborate previous reports that
long-standing untreated ventral spinal CSF leaks can lead to SS of
the CNS. The risk of developing severe long-term sequelae is sig-
nificant among patients with a persistent ventral spinal CSF leak.
For the first time in a larger cohort, we were able to show that
microsurgical sealing of spinal CSF leaks might stop progression
or even might improve symptoms in patients with SS in a time-de-

pendent manner.

LIMITATIONS

All the constraints of retrospective studies apply. These cohorts,
consisting of patients with spontaneous intracranial hypotension,
are from referral centers and, therefore, highly selected. Incidence
may be overstated, limiting the generalization of results. Despite
being the largest series, the number of patients with this rare disease
remains limited. Follow-up studies with more significant numbers of
patients and extended follow-up periods are needed to substantiate

our hypothesis, as well as prospective multicenter trials.

CONCLUSIONS

We strongly recommend searching for spinal CSF leaks in all patients

with SS with a thorough workup. Based on the current findings, we

85U80| 7 SUOWIWIOD 3AIEaID 3|qedldde 8y Aq pauleof a1e S VO ‘SN JO S3|NJ o AXeiq T aUIIUO A8]IA UO (SUOIPUOD-PUE-SWLBYLL0D A8 | 1M Ae.d1BUI|UO//SARY) SUORIPUOD PUe Swie | 81 88S *[£202/TT/62] Uo Ateiq)Taulluo Ao|IM ‘uied TeisieAlun Aq ZZT9T'aUs/TTTT OT/I0p/w00 A3 |im Akeiqjeuljuo//sdiy wouy pepeojumoq ‘0 ‘TEET8IYT



EL RAHAL ET AL.

conclude that early treatment of ventral spinal CSF leaks is justified

in patients with and without SS.
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