
Introduction

Chronic hydrocephalus that requires cerebrospinal
fluid (CSF) shunting commonly occurs after aneu-
rysmal subarachnoid hemorrhage (SAH) and is fre-
quently associated with poor neurological outcomes
and cognitive deficits [23]. Previous studies reported
numerous risk factors potentially associated with the

occurrence of chronic hydrocephalus after SAH.
These factors include advanced age, female sex, pre-
existing hypertension, alcoholism, neurological grade
severity, amount of blood in the subarachnoid space
visualized on computed tomography (CT), intraven-
tricular hemorrhage, increased ventricular size at
admission, acute hydrocephalus requiring external
ventricular drainage, repeat SAH, aneurysm location,
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j Abstract Objectives Subarach-
noid hemorrhage (SAH) is a
common cause of chronic hydro-
cephalus. Blood in the subarach-
noid space is intracranially

metabolized to bilirubin and iron,
and free iron is thereafter
detoxified by ferritin. However, no
studies have reported the rela-
tionship between intracranial
heme metabolism and chronic
hydrocephalus after SAH. The goal
of this prospective study was to
clarify the relationship between
intracranial heme metabolism and
chronic hydrocephalus after SAH.
Methods The authors measured
the levels of bilirubin, iron and
ferritin in the cerebrospinal fluid
(CSF) of 70 consecutive patients
with aneurysmal SAH of Fisher
computed tomography Group III,
and determined the relationship
between these substances’ levels
and hydrocephalus requiring ven-
triculoperitoneal shunting.
Results The CSF concentrations of
ferritin and inflammatory cells
were significantly higher in
shunted patients (n = 27) than in
non-shunted patients (n = 43) on
Days 3 and 4 (p < 0.05 in ferritin

and p < 0.01 in inflammatory
cells) and 11 to 14 (p < 0.005 in
ferritin) post-SAH. These results
were independent of other clinical
factors. The occurrence of chronic
hydrocephalus was not affected by
the extent of the intracranial heme
metabolism in terms of the bili-
rubin and iron levels. Conclu-
sions This is the first study to
show that patients who subse-
quently had chronic hydrocepha-
lus requiring CSF shunting were
associated with higher CSF levels
of ferritin in the acute stage of
SAH. Higher CSF ferritin levels
may not reflect the amount of
blood in the subarachnoid space
that was intracranially metabo-
lized, but rather more intense
subarachnoid inflammatory reac-
tions which may cause chronic
hydrocephalus after SAH.
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increased aneurysm size, endovascular treatment,
longer external drainage with a high amount of daily
drained CSF, symptomatic vasospasm, Glasgow Out-
come Scale (GOS) score, pneumonia, and meningitis
[5, 9, 22, 23, 30]. These studies suggested that a larger
amount of blood in the subarachnoid space is asso-
ciated with an increased risk of chronic hydrocepha-
lus, although some studies of these factors have
reported conflicting results.

Recent experimental and clinical studies have
shown that blood in the subarachnoid space was
intracranially metabolized, and that a greater
increase in intracranial heme metabolism was asso-
ciated with a lower risk of cerebral vasospasm [19,
24, 25]. The greater increase in intracranial heme
metabolism may also contribute to a lower risk of
chronic hydrocephalus because it is expected to
reduce the amount of blood in the subarachnoid
space. However, to date no study has reported the
relationship between intracranial heme metabolism
and chronic hydrocephalus after SAH. Since intra-
cranial heme metabolism is associated with increases
in iron, bilirubin and ferritin in the CSF [25], we
measured these substances in the CSF obtained from
SAH patients and determined the relationship be-
tween intracranial heme metabolism and chronic
hydrocephalus after SAH.

Methods

The protocol was approved by the Ethics Committee of our hos-
pitals, and the study was carried out according to the principles of
the Declaration of Helsinki. Appropriate informed consent was
obtained from patients or their relatives.

j Patients

This prospective study included 70 consecutive patients (34 men
and 36 women), 35 to 90 years of age (mean 61.8), all with aneu-
rysmal SAH of Fisher CT Group III [8], who were admitted to our 3
hospitals between 1 June 1999, and 30 September 2004. Excluded
from the study were patients who suffered from any angiographic
or surgical complications and patients who had inflammatory,
blood, malignant, or other diseases that can affect iron metabolism.
The World Federation of Neurosurgical Societies (WFNS) SAH
scores at admission included 18 patients of grade I, 18 of grade II,
11 of grade III, 12 of grade IV, and 11 of grade V [6]. The ruptured
aneurysm location was the anterior communicating artery in 23
patients, middle cerebral artery in 18, posterior communicating
artery in 15, basilar tip in 3, superior cerebellar artery in 3, pos-
terior inferior cerebellar artery in 3, anterior choroidal artery in 2,
anterior cerebral artery in 2, and ophthalmic artery in one.

After angiographic confirmation of the aneurysm, surgical
clipping (59 patients) or endovascular coiling (11 patients) of the
lesion was performed within 48 hours of initial onset. Cisternal
drainage (19 patients) was placed in the basal cistern after sur-
gical clipping, and lumbar spinal drainage (10 patients) was
placed after endovascular coiling in all patients treated at two

hospitals, but in no patients treated at the other hospital (41
patients), according to each hospital’s protocol. The drainage was
continued for 7 to 14 days, and the volume of drained CSF was
maintained at 150 to 250 ml per day by changing the height of the
drainage siphon. Of 41 patients without cisternal or spinal
drainage, a ventricular catheter was placed in 5 patients with
ventriculomegaly and a decreased level of consciousness that
could not be attributed to causes other than acute hydrocephalus.
All patients received intravenous fasudil hydrochloride from one
day post-surgery to Day 14 post-hemorrhage. Additional treat-
ment was administered to maintain normovolemia, prevent
meningitis, pneumonia and hypoxia, and correct anemia and
hypoproteinemia.

All patients with symptomatic vasospasm were treated with
hypertensive hypervolemic therapy. Symptomatic vasospasm was
defined as otherwise unexplained clinical deterioration (i.e., a
new focal deficit, decrease in the level of consciousness, or both)
or a new infarct on CT that was not visible on admission or
immediate postoperative scans, or both. Other potential causes of
clinical deterioration, such as hydrocephalus, rebleeding, or sei-
zures, were rigorously excluded. Chronic hydrocephalus was
diagnosed when a clinical deterioration with no detectable cause
other than hydrocephalus occurred after Day 14 post-
hemorrhage, and when the ventricular size progressively in-
creased and the Evans index became greater than 0.30 (Fig. 1)
[26]. Chronic hydrocephalus was treated with ventriculoperito-
neal shunting. The clinical outcome was evaluated using the GOS
at 3 months after onset [13].

j CSF analysis

A total of 136 CSF samples was obtained from cisternal (43
samples), spinal (25 samples) or ventricular (11 samples)
drainage or via a lumbar tap (57 samples) on Days 3 to 14. For
the analyses, 4 CSF sampling groups were chosen according to
the time points on which the samples had been obtained: Days 3
through 4 (17 samples), 5 through 7 (46 samples), 8 through 10
(40 samples), and 11 through 14 (33 samples) after onset. Two to
4 CSF samples falling into different time groups were obtained
from 42 patients. In patients with CSF drainage, CSF samples
were obtained only from the CSF drainage, and this was removed
after the last CSF sampling. Control CSF samples were obtained
from 10 patients with minimal cervical or lumbar spondylosis
without myelopathy or radiculopathy on CT myelography, all of
whom gave informed consent to participate in this study. The
concentrations of total hemoglobin, proteins and inflammatory
cells in the CSF were determined with an automatic chemistry
analyzer. CSF samples were analyzed at an outside laboratory
(BML, Inc., Tokyo) for the levels of iron (non-heme iron),
bilirubin and ferritin, which were determined using quick-
auto-neo-Fe (K) (Shino-Test Corp., Tokyo), total bilirubin E-HR-
Wako (Wako Pure Chemicals Industries, Ltd., Osaka) and
Immunoticles Auto-ferritin 2 (A & T Corp., Yokohama), respec-
tively.

j Statistical analysis

All values were expressed as means (the standard error of the
mean). Comparisons between the two groups were made using
unpaired t tests, chi-square tests or Fisher’s exact test, as appro-
priate. Intergroup comparisons among three or more groups were
determined by one-way analysis of variance and then the Tukey-
Kramer multiple comparison procedure (95% lower and upper
confidence interval) if significant variance was found. Spearman’s
rank correlation coefficient was used to assess the correlation be-
tween each continuous variable. The sensitivity and specificity were
estimated for each different set of cut-off values. To minimize the
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potential bias introduced by choosing a single cut-off value for
positivity, a receiver operating characteristic curve [10] was con-
structed. A probability value of less than 0.05 was considered sta-
tistically significant.

Results

j Incidence and clinical features of chronic
hydrocephalus after SAH

Twenty-seven of 70 patients (38.6%) underwent
ventriculoperitoneal shunting for chronic hydro-
cephalus. Shunting was performed from 20 to
77 days (mean, 35.4 days) after SAH. Patients with
chronic hydrocephalus were associated with worse
WFNS grades at admission, more frequent symp-
tomatic vasospasm and worse GOS scales at
3 months after the onset of SAH in comparison with
patients without hydrocephalus (Table 1). Among

the measured CSF levels of heme metabolites and
related substances, only the ferritin levels were sig-
nificantly higher in patients with, rather than
without, hydrocephalus (Table 2).

j Ferritin concentrations in the CSF

The CSF levels of ferritin in patients with SAH
[1,327.9 (139.3) ng/mL] were more than 200 times
higher than in control patients [6.0 (0.9);
p < 0.025]. The ferritin levels peaked on Days 8
through 10 after SAH, but significant differences
between patients with and without hydrocephalus
were observed on Days 3 through 4 (p < 0.05), and
11 through 14 (p < 0.005; Fig. 2). The ferritin levels
in the CSF obtained via a lumbar tap or from cis-
ternal, spinal or ventricular drainage were not sig-
nificantly different.

Fig. 1 CT scan of a 67-year-old
semicomatose male patient with
severe SAH and acute hydrocephalus
(a, b). After 47 days, the patient had
chronic hydrocephalus with
periventricular lucency (c), which
was improved by
ventriculoperitoneal shunting (d)
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j Concentrations of heme metabolites and related
substances other than ferritin in the CSF

Considering the CSF levels of heme metabolites and
related substances other than ferritin at each CSF
sampling time, the inflammatory cell concentrations
in patients with hydrocephalus were significantly
higher than in patients without hydrocephalus on
Days 3 through 4 (p < 0.01; Fig. 3). The inflammatory
cell concentrations were also significantly higher in
endovascularly treated patients than in surgically
treated patients [3,809.9 (1453.4) vs. 1,208.8 (228.0)/
mm3; p < 0.0025], but were significantly higher in
patients with than without hydrocephalus, irrespec-
tive of treatment modalities (p < 0.0001 in endovas-
cularly treated patients; p < 0.05 in surgically treated
patients). The inflammatory cell concentrations were
significantly correlated with the CSF ferritin levels
(p < 0.0001), although their peak times were differ-
ent. Other substances were not significantly different
between patients with and without hydrocephalus at
any sampling point.

j Ferritin concentrations in the CSF and clinical
features

There were no significant differences in the CSF
ferritin levels between the WFNS grades I – III and
IV – V at admission [1,221.6 (184.6) vs. 1,550.3
(189.4) ng/mL], or between the presence and absence
of symptomatic vasospasm [1,359.7 (254.7) vs.
1,314.2 (167.3) ng/mL]. The ferritin levels were
higher in patients with, rather than without, hydro-
cephalus irrespective of the WFNS grade at admis-
sion [1,885.8 (419.3) vs. 867.4 (158.7) ng/mL in the
WFNS grades I – III, p < 0.005; 1,845.8 (264.9) vs.
1,226.6 (259.1) ng/mL in the WFNS grades IV – V,
p = 0.10] or the presence or absence of symptomatic
vasospasm [1,563.6 (323.1) vs. 727.6 (211.1) ng/mL
in the presence of vasospasm, p = 0.16; 2,263.7
(438.7) vs. 986.8 (154.0) ng/mL in the absence of
vasospasm, p < 0.001]. Although the ferritin levels in
patients with good outcome (good recovery and
moderate disability) were significantly lower than in
patients with poor outcome [severe disability and a
persistent vegetative state; 1,103.6 (147.5) vs. 2,028.0
(317.3) ng/mL; p < 0.005], this was attributed to the
fact that all patients with poor outcome had chronic
hydrocephalus. The ferritin levels were also higher in
patients with, rather than without, hydrocephalus for
a good outcome [1,630.7 (468.9) vs. 960.5 (135.7) ng/
mL; p = 0.06], and the ferritin levels in patients with
chronic hydrocephalus were not different between
good and poor outcomes [1,630.7 (468.9) vs. 2028.0
(317.3) ng/mL; p = 0.5].

Table 1 Clinical features in patients with or without chronic hydrocephalus
after SAH

Feature Patients without
hydrocephalus

Patients with
hydrocephalus

Number of patients 43 27
Age (years) 59.9 (1.8) 62.3 (2.6)
Man/woman 19/24 15/12
WFNS grade I-III/ IV-V 33/10 14/13*
Aneurysm location:
anterior/posterior circulation

38/5 23/4

Coil/clip 7/36 4/23
Use of drainage: yes/no 18/25 16/11
Symptomatic vasospasm:
presence/absence

5/38 15/12�

GOS: GR&MD/SD&PVS 43/0 11/16�

Age is expressed as means (the standard error of the mean). GR, good recovery;
MD, moderate disability; SD, severe disability; PVS, persistent vegetative state.
Significantly different between the values in patients with and without
hydrocephalus (*p < 0.05, �p < 0.001).

Table 2 CSF concentrations of heme metabolites and related substances in
patients with or without chronic hydrocephalus after SAH

Feature Patients without
hydrocephalus

Patients with
hydrocephalus

Number of CSF sampling 81 (43 patients) 55 (27 patients)
CSF sampling time (d) 7.8 (0.3) 8.3 (0.4)
Total hemoglobin (g/dL) 0.4 (0.2) 0.3 (0.1)
Total bilirubin (mg/dL) 0.45 (0.05) 0.39 (0.04)
Non-heme iron (lg/dL) 21.8 (2.6) 21.5 (2.3)
Ferritin (ng/mL) 960.5 (135.7) 1,869.1 (265.9)*
Total protein (mg/dL) 148.0 (17.9) 161.6 (21.7)
Inflammatory cell (/mm3) 1,284.5 (299.9) 2,185.0 (647.9)

Values are expressed as means (the standard error of the mean). Significantly
different between the values in patients with and without hydrocephalus
(*p < 0.0025).
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Fig. 2 Chronic hydrocephalus and ferritin concentrations in the CSF of SAH
patients. Bars represent means (the standard error of the mean). O, patients
with chronic hydrocephalus requiring ventriculoperitoneal shunting; u,
patients without chronic hydrocephalus. Significantly different from the values
in patients without chronic hydrocephalus on Days 3 through 4 (*p < 0.05)
and Days 11 through 14 (�p < 0.005)
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j Prediction of chronic hydrocephalus occurrence

To predict onset of chronic hydrocephalus, the
appropriate cut-off value of CSF ferritin was 300 ng/
mL on Days 3 through 4 (a sensitivity of 62.5% and a
specificity of 100%), and 800 ng/mL on Days 11
through 14 (a sensitivity of 73.3% and a specificity of
72.2%). For inflammatory cells in the CSF, 3,000/mm3

was considered to be the appropriate cut-off value
with a sensitivity of 83.3% and a specificity of 100%
on Days 3 through 4. On Days 3 through 4, elevated
CSF ferritin levels of more than 300 ng/mL or
inflammatory cell levels of more than 3,000 /mm3

exhibited a positive predictive value of 100%.

Discussion

The major findings of the present study were that
patients who subsequently had chronic hydrocephalus
requiring CSF shunting were associated with higher
CSF levels of ferritin in the acute stage of SAH, when
the volume of blood in the subarachnoid space was
roughly estimated to be the same using CT. The CSF
ferritin levels were significantly correlated with the
CSF inflammatory cell levels. This study tested some of
the reported risk factors associated with chronic
hydrocephalus after SAH, and reconfirmed that
chronic hydrocephalus occurred more frequently in
patients with worse WFNS grades at admission,
symptomatic vasospasm and worse GOS scales at
3 months after SAH. Irrespective of these factors,
however, the CSF levels of ferritin were higher in

patients with, rather than without, hydrocephalus.
This is the first study to show that chronic hydro-
cephalus after SAH is associated with higher CSF levels
of ferritin.

Ferritin, a naturally occurring iron-binding pro-
tein, is involved in maintaining intracranial iron
homeostasis, and various intracranial cells can pro-
duce ferritin [11, 17, 19, 31, 32]. Iron is a potentially
toxic and pro-oxidant molecule [7], but is detoxified
by its binding to ferritin [2]. Ferritin is primarily
localized intracellularly [2], and its concentration in
CSF is very low under normal conditions [32], al-
though a relatively high amount of iron can be bound
to and delivered via ferritin in CSF [11]. Ferritin in
CSF has been reported to increase in some patho-
logical conditions [4, 15, 17, 25, 27, 32]. However,
elevated CSF ferritin may either mitigate [15, 17, 25]
or aggravate iron-mediated brain disease or damage
[4], as ferritin is a potential source of catalytic iron,
depending on the condition [20].

Some explanations for the elevated CSF ferritin
levels in this study are possible. Firstly, the elevated
CSF ferritin might be derived from transfer of serum
ferritin at the rupture of an aneurysm or across the
impaired blood brain barrier after SAH [32]. How-
ever, this hypothesis is in disagreement with the
findings that the CSF ferritin levels increased in a
delayed fashion and peaked on Days 8 through 10
after SAH, and that they were not correlated with the
total protein concentration. Secondly, the elevated
CSF ferritin concentrations might be the result of
release from damaged cells in the brain, meninges or
within the CSF due to SAH, vasospasm and/or acute
hydrocephalus [32]. However, elevated CSF ferritin
was related to chronic hydrocephalus, rather than a
worse WFNS grade at admission, symptomatic
vasospasm or a worse GOS scale at 3 months after
SAH in this study. Thirdly, the elevated CSF ferritin
concentrations might merely be the result of
impaired clearance via the arachnoid villi and other
routes associated with impaired CSF absorption [32].
However, this hypothesis is also inconsistent with
the findings that the elevated CSF ferritin was not
associated with the elevated total hemoglobin and
protein concentrations. Fourthly, SAH might
increase both the intracranial ferritin synthesis and
secretion into the CSF [17, 25]. There are some
studies reporting increased intracranial ferritin syn-
thesis after SAH; iron, hemin, oxidative stress or
inflammatory cytokines may stimulate ferritin syn-
thesis [19, 20, 25]. In this study, the occurrence of
chronic hydrocephalus was not related with intra-
cranial heme metabolism in terms of hemoglobin
and heme metabolites, bilirubin and iron measure-
ments, but was associated with increased levels of
ferritin and inflammatory cells in the CSF. The CSF
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Fig. 3 Chronic hydrocephalus and inflammatory cell concentrations in the CSF
of SAH patients. Bars represent means (the standard error of the mean). O,
patients with chronic hydrocephalus requiring ventriculoperitoneal shunting;
u, patients without chronic hydrocephalus. Significantly different from the
values in patients without chronic hydrocephalus on Days 3 through 4
(*p < 0.01)
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levels of ferritin and inflammatory cells were sig-
nificantly correlated. These findings suggest that the
CSF ferritin level was not simply an expression of
the amount of blood in the subarachnoid space that
had been intracranially metabolized. Rather, more
CSF ferritin might be induced by more intense
inflammatory reactions in the CSF in patients with
chronic hydrocephalus.

The etiology of chronic hydrocephalus after SAH
remains unknown. Previous studies suggested that
leptomeningeal fibrosis and/or proliferation of
arachnoid cells, triggered by an inflammatory reac-
tion or blood clotting products, may impair CSF flow
in the subarachnoid space and/or CSF absorption at
the arachnoid villi, generating a mild pressure gra-
dient which ultimately leads to the development of
slowly progressive ventricular dilatation [14, 18, 21,
28]. This suggests that more severe SAH may be
more frequently associated with chronic hydro-
cephalus because it may cause a more severe
inflammatory reaction and more blood clotting
products. Since blood in the subarachnoid space is
removed via the arachnoid villi or intracranially
metabolized by inflammatory, pial membrane, brain
glial and vascular cells [1, 12, 19, 24, 25, 29], we
tested the hypothesis that increased intracranial
heme metabolism might result in lower levels of
blood in the subarachnoid space, and therefore de-
crease the risk of chronic hydrocephalus occurrence.
However, this study showed that the extent of
intracranial heme metabolism was not related to the
occurrence of chronic hydrocephalus. On the other
hand, ferritin (Days 3 through 4 and 11 through 14)
and inflammatory cells (Days 3 through 4) in the
CSF increased more in patients with chronic
hydrocephalus, although the volume of blood in the
subarachnoid space on the pre-treatment CT scans
and CSF hemoglobin concentrations were not sig-
nificantly different between patients with and with-
out chronic hydrocephalus. Surgery to some extent
removed the subarachnoid blood, and therefore
significantly reduced the number of CSF inflamma-
tory cells. However, chronic hydrocephalus patients
had significantly increased CSF inflammatory cell
concentrations irrespective of treatment modalities.
Thus, chronic hydrocephalus after SAH might be
caused by more intense subarachnoid inflammatory
reactions, which might also increase CSF ferritin
levels.

Increased CSF ferritin levels were also reported in
meningitis, a representative inflammatory disorder
in CSF [15, 27]. More severe meningitis is associated
with more increased CSF ferritin levels, which is

considered to prevent iron usage by bacteria and
play a protective role against meningitis [15]. In
SAH, induced ferritin, associated with a greater in-
crease in intracranial heme metabolism, was re-
ported to act against cerebral vasospasm by
detoxifying free iron in the CSF [17, 25]. In this
study, higher CSF levels of ferritin were observed in
patients with chronic hydrocephalus, although the
occurrence of chronic hydrocephalus was not asso-
ciated with a greater increase in intracranial heme
metabolism. Both the volume of blood in the sub-
arachnoid space, which was roughly estimated using
CT scans, and the CSF levels of iron and hemoglobin
were not significantly different between the patients
with and without chronic hydrocephalus. Therefore,
the redox-active iron in patients with chronic
hydrocephalus might be lower due to ferritin-medi-
ated iron detoxification; the measured iron in the
present study included free and protein-bound iron
other than heme-bound iron, and the present
method of measuring iron did not allow for the
differentiation of ferritin-bound iron from other
iron. In chronic hydrocephalus, iron is expected to
be retained longer in the CSF because most iron can
leave CSF by bulk drainage of CSF via the arachnoid
villi and other routes [3]. Elevated CSF ferritin may
act protectively against prolonged iron-mediated
brain damage associated with impaired CSF
absorption.

Global cerebral edema, which may be a manifes-
tation of transient global ischemia related to elevated
intracranial pressure at the time of bleeding, has been
reported to be an important risk factor for cognitive
dysfunction after SAH, as well as thick SAH [16].
However, the relationship between global cerebral
edema or transient global ischemia and chronic
hydrocephalus remains unknown. The deleterious
effects of slowly progressive ventriculomegaly after
SAH may be augmented by increased vulnerability of
the brain, initiated by transient global ischemia at
onset, and subsequently presenting as chronic
hydrocephalus.

In conclusion, this study showed that higher CSF
levels of ferritin and inflammatory cells at the acute
stage might be an independent predictive factor
associated with chronic hydrocephalus after SAH.
This knowledge will help to predict the occurrence of
chronic hydrocephalus after SAH and guide neurol-
ogists and neurosurgeons in the long-term care of
patients who have experienced SAH.
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