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Abstract
Background: The aim of this study was to explore biochemical changes in the cerebrospinal fluid
(CSF) induced by shunt surgery and the relationship between these changes and clinical
improvement.

Methods: We measured clinical symptoms and analysed lumbar CSF for protein content,
neurodegeneration and neurotransmission markers in patients with secondary (SNPH, n = 17) and
idiopathic NPH (INPH, n = 18) before and 3 months after shunt surgery. Patients were divided into
groups according to whether or not there was improvement in clinical symptoms after surgery.

Results: Preoperatively, the only pathological findings were elevated neurofilament protein (NFL),
significantly more so in the SNPH patients than in the INPH patients, and elevated albumin content.
Higher levels of NFL correlated with worse gait, balance, wakefulness and neuropsychological
performance. Preoperatively, no differences were seen in any of the CSF biomarkers between
patients that improved after surgery and those that did not improve. Postoperatively, a greater
improvement in gait and balance performance correlated with a more pronounced reduction in
NFL. Levels of albumin, albumin ratio, neuropeptide Y, vasoactive intestinal peptide and ganglioside
GD3 increased significantly after shunting in both groups. In addition, Gamma amino butyric acid
increased significantly in SNPH and tau in INPH.

Conclusion: We conclude that a number of biochemical changes occur after shunt surgery, but
there are no marked differences between the SNPH and INPH patients. The results indicate that
NFL may be a marker that can predict a surgically reversible state in NPH.

Background
Normal pressure hydrocephalus (NPH) is a common and
treatable cause of cognitive impairment and gait distur-
bance in the elderly[1]. NPH is generally thought of as a
disorder resulting from disturbed cerebrospinal fluid

(CSF) dynamics. Cerebral blood flow (CBF) is reduced in
white and gray matter regions [2-5]. Microdialysis studies
indicate compromised metabolism in the periventricular
region [6]. Magnetic resonance (MR) images showing
periventricular white matter lesions (WML) are a hallmark
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of NPH, the extent of which correlate with symptomath-
ology [7-9]. After surgery, patients show increased CBF
and reductions in periventricular WML in parallel with
clinical improvement that are compatible with a restitu-
tion of brain function [2-5,8,9].

Previous studies on CSF composition in NPH patients
have shown a variety of changes that indicate astrogliosis
[10,11], axonal degeneration [11], inflammation [12] but
no major demyelination [13]. Peptidergic neurotransmis-
sion is disturbed [14-16], whereas monoamine metabo-
lites remain normal [13,17]. In a recent paper with the
same group of patients [18], we studied the relationship
between biomarkers in ventricular CSF and periventricu-
lar MRI pathology and explored concentration gradients
of these markers between the ventricular and lumbar CSF.
A correlation was found between the extent of periven-
tricular WML and neurofilament protein (NFL) concen-
tration in ventricular CSF, which corroborates a previous
study on lumbar CSF [9].

There is considerable interest in investigating the diagnos-
tic and predictive value of CSF markers in NPH. In a pre-
vious study, we reported that high preoperative CSF levels
of the axonal marker, NFL correlated with the severity of
symptoms and also with a favourable outcome after sur-
gery indicating that the symptoms in NPH are associated
with an ongoing but reversible axonal dysfunction [11].
This view is further supported by the correlations found
between high CSF NFL, extended periventricular white
matter lesions and pronounced symptoms in NPH
patients [8,9,18]. To what degree the altered CNS metab-
olism and CSF dynamics induced by shunt surgery can
influence the concentrations of axonal markers has not
yet been studied to our knowledge. It is reasonable to pre-
dict that the increased levels of neuronal CSF markers
reported in NPH decrease towards normal in parallel with

clinical improvement, following shunt surgery. Further, it
could be hypothesized that concentrations of neurotrans-
mitter metabolites are associated with severity of symp-
toms.

The aim of the present study was to investigate in both
SNPH and INPH patients 1) the preoperative levels of
lumbar CSF markers reflecting neurodegeneration and
neurotransmission, and clinical improvement after sur-
gery; 2) the changes in lumbar CSF marker concentrations
induced by surgery; and 3) correlations between lumbar
CSF changes and clinical improvement after surgery. The
patients included in this study are the same as in a previ-
ous paper [18] which examined ventricular CSF concen-
trations and white matter pathology before and after
shunt surgery and the relationship between lumbar and
ventricular CSF markers.

Methods
Patients
Thirty-five consecutive patients diagnosed with NPH at
the Hydrocephalus Research Unit, Sahlgrenska University
Hospital, Goteborg, Sweden, and who had a repeat CSF
examination were included (table 1). These are the same
patients as reported in a previous paper [18]. All patients
received a ventriculo-peritoneal shunt: a Sophy™ Pro-
grammable Pressure Valve (Sophysa, Orsay Cedex,
France) or a Delta Valve (Medtronic PS Medical, Santa
Barbara, USA). The Göteborg University Ethics Commit-
tee approved the study and verbal informed consent was
obtained from all patients.

Study protocol
Diagnostic criteria for NPH have been described previ-
ously [8] and were a) gait disturbance; b) mental deterio-
ration, or urinary incontinence, or both; c) enlarged
ventricles on computerised tomography (CT) or MRI with

Table 1: Demographic features of patients.

Secondary NPH (n = 17) Mean (SD), frequency Idiopathic NPH (n = 18) Mean (SD), frequency

Age (years) 65 (10); range 49–79 68 (15.7); range 19–86
Males/Females 12/5 11/7
Duration of symptoms (months) 16 (19); range 2–60 40 (37); range 11–164
Etiology

Subarachnoid hemorrhage 9 (53%)
Cerebrovascular disorder 4 (23%)
Trauma 2 (12%)
Other* 2 (12%)

Cerebrovascular risk factors
Hypertension 4 (23%) 5 (28%)
Cardiovascular disorder 3 (18%) 5 (28%)
Diabetes 1 (6%) 2 (11%)

Cerebrovascular disorder etiology was considered when there was a temporal relationship between an ischemic or hemorrhagic incident other 
than subarachnoid hemorrhage and development of NPH symptoms. * Meningioma (n = 1) and Recklinghausen's disease (n = 1). These are the 
same patients as reported in a previous paper [18].
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Evan's index > 0.30; d) a lumbar CSF pressure < 20 cm
H2O; e) ventricular filling and block of convexity flow on
radionuclide cisternography (RC). The CSF tap test [19]
and regional cerebral blood flow (rCBF) measurement
was performed on some patients with signs of other disor-
ders, such as vascular lesions. Only patients with improve-
ment at the CSF tap test and a characteristic pattern on
rCBF (n = 11) [2] were included. The probable cause of the
NPH state was assessed and patients were diagnosed with
idiopathic etiology (INPH) if no known cause could be
identified. Three months postoperatively, a re-examina-
tion was performed using the same protocol except RC. If
a patient had not improved clinically and the ventricular
system had not decreased in size at the re-examination,
the shunt was tested by radionuclide shuntography and
was surgically corrected if malfunctioning. Using the clin-
ical measures described below, patients were divided into
two groups for data analysis: those improved by shunt
surgery or those unimproved by surgery.

Clinical measures
Patients were evaluated before and three months after sur-
gery according to a previously published study protocol
[13,20,21] comprising a semi quantitative evaluation of
twelve symptoms and signs measuring gait, balance, men-
tal and bladder performance. Mini-Mental State Examina-
tion (MMSE) was used to assess global psychometric
performance. Simple reaction time was calculated as the
median of 10 tests using simultaneous sound and light
stimuli. The other psychometric tests used were the iden-
tical forms test (perceptual speed and accuracy) and Bing-
ley's test (learning and memory) [11]. Bingley's visual
recognition test was performed by presenting a picture of
12 drawings of familiar objects over a 30 second period.
Recognition was tested immediately. Each test was done
twice and the mean calculated. The impairment of wake-
fulness was assessed as presence of somnolence-sopor-

coma disorder (SSCD) based on the original coarse divi-
sion of SSCD into a mild, a moderate and a severe form by
Lindquist and Malmgren [22]. Clinical indices reflecting
global, psychometric, balance, gait and continence per-
formance were calculated as previously described [20]
(Table 2; see Statistics).

CSF analysis
Lumbar puncture (LP) was performed in the L3/L4 or L4/
L5 interspace with the patient in a recumbent position on
the morning before, and three months after shunt surgery.
The CSF pressure was measured and the first 12 ml of CSF
were collected in ice-chilled tubes, aliquoted, centrifuged
and frozen at -80° until analyzed.

The CSF concentrations of the major monoamine metab-
olites, homovanillic acid (HVA), 5-hydroxy-indoleacetic
acid (5-HIAA) and 4-hydroxy-3-methoxyphenylglycol
(HMPG) [23], sulphatide [24], neuropeptide Y (NPY)
[25], vasoactive intestinal peptide (VIP) [14], tau protein
[26], ganglioside GD3 (GD3) [27], gamma amino butyric
acid (GABA) [13] and neurofilament protein (NFL) [28]
were determined as previously described. Albumin in
serum and CSF was determined by nephelometry. The
CSF/serum albumin ratio [29] was used as a measure of
the blood-brain barrier (BBB) integrity [29].

Statistics
Nonparametric Mann-Whitney U test was used for
between group comparisons. Spearman correlation coeffi-
cients were calculated in correlation analyses. Changes
between pre- and postoperative values were analyzed by
Wilcoxon signed rank sum test. The clinical indices were
constructed by calculating the mean of the variables
included in each index (Table 2). Scores were standard-
ized to enable comparisons across indices [20]: preopera-
tive variables were z-standardized (mean of 0 and a

Table 2: Clinical characteristics of SNPH and INPH patients pre- and postoperatively.

Index Function/Test Preop SNPH (n = 17) Preop INPH (n = 18) Postop SNPH (n = 17) Postop INPH (n = 18)

Global MMSE (0–30) 17.2 (9.6) 23.3 (7.4) * 23.3 (4.6) ** 25.9 (7.9) **
Psycho-metric Identical forms test (0–60) 14.4 (17.8) 24.4 (12.3) 20.9 (17.3) ns 32.3 (12.1) ns

Bingley's test (0–12) 1.9 (2.1) 4.0 (2.1) * 3.9 (1.7) ** 4.4 (1.8) ns
Reaction time test (s) 1.7 (3.0) 1.4 (1.8) 0.5 (0.7) ns 0.9 (1.3) ns

Balance Romberg's test (0–60) 24.9 (27.2) 42.8 (26.1) 41.1 (25.5) ** 50.4 (22.0) **
Gait Gait performance (1–6) 3.4 (1.8) 2.4 (1.2) * 2.2 (1.5) ** 1.8 (1.1) ns

Time needed to walk 10 m (s) 38.5 (43.1) 23.4 (35.3) 11.4 (2.2) * 12.6 (4.2) *
Steps needed to walk 10 m (#) 42.8 (38.1) 30.1 (22.4) 19.9 (3.7) ** 19.5 (4.6) **

Cont-inence Urgency incontinence (yes/no) 4/11 8/10 * 11/5 * 5/13 ns
Wake-fulness IW (1/2/3/4) 4/7/3/3 9/7/2 * 14/3/0/0 ** 14/4/0/0 *
MoD 0.75 (0.72) 0.33 (0.37)

Values are given as Mean (SD) or frequency. Gait performance is registered as 1–6: 1 = normal; 2 = insecure; 3 = insecure cane; 4 = bimanual 
support; 5 = aided; 6 = wheelchair. 1–4: 1 = none; 2 = slight; 3 = moderate; 4 = severe. IW = Impairment of wakefulness (1 = none; 2 = slight; 3 = 
moderate; 4 = severe). MoD = mean of differences which is a measure of overall improvement (see statistics). Significant differences between SNPH 
and INPH patients preoperatively are indicated in the Preop INPH column. Differences between the pre- and postoperative assessment were 
analysed for SNPH and INPH patients as indicated in the Postop columns. ns = non significant; * = p ≤ 0.05; ** = p ≤ 0.01; *** = p ≤ 0.001.
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standard deviation of 1.0) and postoperative variables
were standardized using the mean and SD of the preoper-
ative variables. The difference between the pre- and post-
operative values was calculated for each index, and the
mean of the differences (MoD) was calculated as the over-
all result after shunt surgery. Patients showing MoD >
0.05 were considered improved, which corresponded to
the clinical impression in each case. A p-value < 0.05 was
considered significant.

Results
Clinical measures
Clinical assessments of patient groups are given in Table
2. Preoperatively, the INPH patients were significantly
better than the SNPH patients for MMSE, Bingley's test,
gait performance and wakefulness but were significantly
worse for continence.

After shunt surgery, 28 patients (80%) were improved
(MoD 0.12 to 2.4), 5 (14%) were unchanged (MoD -0.04
to 0.04) and 2 (6%) deteriorated (MoD -0.19 and -0.45,
data not shown). Fifteen of the SNPH patients were
improved, whereas 2 deteriorated (MoD -0.19 to -0.45).
Thirteen (72%) of the INPH patients improved, whereas
5 (28%) were unchanged (MoD -0.03 to 0.03, data not
shown). The overall improvement (MoD) for all patients
was 0.53 ± 0.60 (mean ± SD) without any significant gen-
der differences (data not shown). Secondary NPH patients
(MoD = 0.75 ± 0.72) showed more overall improvement
than INPH patients, but the difference was not significant
(MoD = 0.33 ± 0.37), Table 2. Specifically, eight tests were
significantly improved in the SNPH patient compared to
five in the NPH patients.

CSF biomarkers pre- and postoperatively
Preoperatively in both groups, the only pathological find-
ings were elevated neurofilament protein (NFL) and ele-
vated albumin (Table 3). SNPH patients also had an
elevated albumin ratio. Apart from this, the only differ-
ence seen between SNPH and INPH patients was in NFL,
which was higher in secondary cases (4884 ± 5855 vs
1352 ± 2989 ng/L, p = 0.01, Table 3). Preoperatively, there
were no differences in any CSF biomarker between
patients that improved and those that did not improve
after surgery. Patients with cerebrovascular etiology (n =
4) versus those without, had higher sulphatide (287.5 ±
85.4 vs 197.2 ± 97.2 nmol/l; n.s.) and albumin ratios
(12.3 ± 2.9 vs 9.9 ± 8.6; p = 0.09, data not shown).

After surgery, significant increases were seen in both
SNPH and INPH groups for albumin, albumin ratio, NPY,
VIP, GD3. On the other hand, HVA, HMPG and 5-HIAA
and sulphatide remained unchanged (Table 3). In addi-
tion, GABA was significantly increased in SNPH patients
and tau in the INPH patients. These postoperative changes

were significant also in the improved subgroup of patients
but not in the unimproved subgroup. However, this could
be due to fewer patients in the unimproved group (%
change similar in both groups). NFL was numerically but
non-significantly reduced in all patients, except for the
unimproved group where there was a small increase.

Association between clinical measures and CSF biomarkers
Preoperative measures
In the whole sample, higher NFL correlated significantly
with poorer performance on a number of clinical tests
(MMSE, Identical forms test, Bingley's test, Romberg's test,
gait general, gait 10 m (number of steps), gait 10 m
(speed), more pronounced impairment of wakefulness
and poorer overall psychometric performance; r = 0.35–
0.64, p = 0.0001–0.04). Higher preoperative NFL corre-
lated with greater improvement in wakefulness (r = 0.46,
p = 0.006) and non-significantly with better overall
improvement (r = 0.31, p = 0.08). Higher NFL was regis-
tered in the 9 patients with the greatest postoperative
improvement (upper 25th percentile) than in the 9
patients with the worst postoperative outcome (lower 25th

percentile) (6415 ± 6253, mean ± SD, vs 772 ± 1010; p =
0.006, data not shown); otherwise no significant differ-
ences were seen between these two groups.

Higher tau correlated with a more pronounced impair-
ment of wakefulness (r = 0.49, p = 0.001)) and higher
albumin ratio correlated with worse psychometric per-
formance (r = 0.49, p = 0.03); otherwise no significant cor-
relations were seen between other biomarker
concentrations and clinical tests.

Postoperative measures
A more pronounced postoperative decrease in NFL corre-
lated with greater improvement in a number of tests in
both patient groups combined: gait 10 m (number of
steps, r = 0.49, p = 0.02); Romberg's test (r = 0.41, p =
0.03); gait performance index (r = 0.39, p = 0.03, Figure
1). In INPH patients, the decrease in NFL did not correlate
significantly with improvement for Rombergs test (r =
0.56) and for gait 10 m (number of steps, r = 0.55, p =
0.06).

A lower postoperative increase in tau correlated with
greater improvement in the identical forms test (r = -0.88,
p = 0.01) and MMSE (r = -0.45, p = 0.01). A lower postop-
erative increase in NPY correlated with greater improve-
ment in MMSE (r = -0.52,p = 0.01), wakefulness (r = -0.45,
p = 0.02), psychometric performance (r = -0.40, p = 0.04)
and overall improvement (r = -0.45, p = 0.02). There was
no correlation between postoperative changes in VIP,
GABA, HVA, HMPG, 5-HIAA, sulphatide or GD3 and
overall improvement after surgery, in either the total
group or in the improved patients (r < 0.36, p > 0.11).
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Table 3: Marker concentrations in lumbar CSF pre- and postoperatively.

CSF preoperatively CSF postoperatively

Lab reference 
value

Preop SNPH 
(n = 17)

Preop INPH 
(n = 18)

Preop Improved 
(n = 28)

Preop Unimproved 
(n = 7)

Postop SNPH 
(n = 17)

Postop INPH 
(n = 18)

Postop Improved 
(n = 28)

Postop Un-improved 
(n = 7)

Protein content:

Albumin (mg/L) < 400 710 (511) pathol 544 (171) ns 650 (413) 529 (211) ns 1522 (3044) ↑ *** 1217 (1052) ↑ *** 1439 (2569) ↑ *** 1141 (935) ns

Albumin ratio < 10.2 12.2 (11.0) pathol 8.4 (3.7) ns 10.8 (8.9) 8.0 (4.6) ns 24 (46) ↑ *** 21 (22) ↑ *** 24 (40) ↑ *** 19 (17) ns

Transmitter function:

HVA (nmol/L) 253 (109) [23] 209 (146) normal 225 (155) ns 240 (154) 140 (102) ns 229 (133) ns 218 (79) ns 230 (111) ns 202 (112) ns

5-HIAA (nmol/L) 125 (54) [23] 111 (56) normal 118 (95) ns 126 (80) 74 (53) ns 119 (50) ns 123 (33) ns 127 (42) ns 96 (38) ns

HMPG (nmol/L) 47 (10) [23] 37 (15) normal 36 (16) ns 39 (16) 28 (13) ns 38 (9) ns 44 (16) ns 43 (13) ns 31 (7) ns

NPY (pmol/L) 120–170 [25] 89 (26) low 106 (36) ns 95 (30) 108 (39) ns 110 (31) ↑ *** 155 (46) ↑ *** 124 (38) ↑ *** 161 (60) ns

VIP (pmol/L) < 20 [14] 6.1 (1.7) normal 8.4 (4.9) ns 6.4 (1.4) 10.5 (7.9) ns 13 (5) ↑ *** 26 (22) ↑ ** 16 (5) ↑ *** 36 (38) ns

GABA (nmol/L) 50–130 [36] 53 (30) normal 67 (44) ns 53 (25) 80 (58) ns 84 (64) ↑ ** 103 (115) ns 91 (100) ↑ * 103 (25) ns

Demyelination:

Sulphatide (nmol/L) < 300 [24] 210 (111) normal 208 (91) ns 210 (100) 204 (105) ns 239 (116) ns 360 (318) ns 279 (245) ns 363 (195) ns

Gliosis:

GD3 (nmol/L) 50 (12) [27] 39 (25) normal 38 (22) ns 35 (22) 50 (25) ns 56 (28) ↑ * 70 (33) ↑ *** 59 (32) ↑ ** 79 (20) ns

Neuronal degeneration:

NFL (ng/L) < 300 [28] 4884 (5855) pathol 1352 (2989) ** 3637 (5338) 938 (1102) ns 3178 (4315) ns 1828 (3313) ns 2647 (3550) 2161 (1815) ns

TAU (ng/L) < 400 [26] 311 (354) normal 229 (160) ns 267 (296) 275 (165) ns 341 (174) ns 651 (256) ↑ *** 449 (248) 633 (305) ns

Values are given as mean (SD). Laboratory reference values are given in Column 1 where superscript numbers in square parentheses are literature references to laboratory reference values. INPH patients had significantly lower preoperative 
NFL than SNPH patients, as indicated in the preoperative INPH column, otherwise no differences were seen between groups preoperatively. There were no differences in preoperative CSF concentrations between improved and unimproved 
patients as indicated in the preoperative unimproved column. NFL was numerically, but not significantly, higher in the preoperative improved than in the unimproved group. There were no differences in postoperative CSF concentrations 
between improved and unimproved patients as indicated in the postoperative unimproved column. Postoperative values compared to preoperative levels are indicated in the postoperative columns. A number of markers showed significant 
increases postoperatively in the SNPH, INPH and improved groups as indicated by arrows. ns = non significant; * = p ≤ 0.05; ** = p ≤ 0.01; *** = p ≤ 0.001. The data for improved and unimproved patients has been published previously [18].
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Discussion
The main findings of this study were the correlation
between 1) a higher preoperative NFL and more severe
clinical symptoms and 2) a greater postoperative reduc-
tion in NFL and more pronounced clinical improvement.
These findings corroborate previous reports [11,18], and
give novel support to the view that the symptomatology in
NPH is caused by a periventricular neuronal dysfunction
that can be reversed by a shunt operation. Preoperatively,
the most important pathological finding was elevated
NFL in both idiopathic and secondary cases. Hypotheti-
cally, an altered periventricular microenvironment caused
by CSF flow into the white matter could lead to an axonal/
neuronal dysfunction, possibly through metabolic distur-
bance [6,30]. As a consequence, neurons may start to leak
structural proteins, such as NFL, into the interstitial fluid
and subsequently into the CSF. The higher NFL concentra-
tions seen in the secondary cases are in accordance with
the hypothetically more aggressive pathophysiological
process in secondary NPH and the more pronounced
improvement seen in these patients.

The findings of this study could be of clinical relevance for
certain patient groups. Thus, a CSF pattern of elevated NFL
but normal tau and sulphatide supports the possibility
that in patients with dementia and gait disorder, there
could be diagnostic discrimination between NPH and
Binswanger's disease, when there is increased sulphatide

[13], and Alzheimer's disease, when there is increased
tau[26].

No baseline CSF marker could identify shunt responders
with certainty, which indicates that the prognostic value
of CSF marker analysis is limited in NPH. Consistent with
a previous study [11], higher preoperative NFL concentra-
tions were correlated with more favorable outcome after
shunt surgery. However, it should be noted that there
were patients in our sample with normal NFL who
improved substantially.

Improved patients showed a postoperative reduction in
NFL, although not significant, whereas unimproved
patients showed a numerical increase in NFL. In the total
sample, no significant reduction in NFL was seen. One
reason for this could be a coexisting cerebrovascular dis-
ease in some patients causing NFL to remain elevated as
signs of cerebrovascular disease are common in NPH
[7,8,31,32]. Thus, the NFL increase could hypothetically
originate from different pathophysiological processes:
one related to CSF dynamic disturbance (NPH), another
to ischemic white matter degeneration (cerebrovascular
disease). Yet another reason could be that the follow-up
period was too short, as NFL levels remain elevated in the
CSF three months after an acute stroke episode (Lars
Rosengren, personal communication).

Scatterplot showing the relationship between postoperative reduction in NFL and improvement in gait performance indexFigure 1
Scatterplot showing the relationship between postoperative reduction in NFL and improvement in gait per-
formance index.
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We cannot rule out that changes in some biomarkers are
related to the initial insult in SNPH patients. The time
between the initial insult and shunting in SNPH patients
was 2 months (n = 5) or = 4 months (n = 4). SNPH
patients had higher NFL levels than did INPH patients,
which favours this view. On the other hand, tau, another
neuronal marker that shows increased concentrations
after acute brain damage [33,34], did not differ between
SNPH and INPH patients. It cannot be ruled out that
hyperphosphorylated tau, which more specifically reflects
neuronal damage than total tau measured here, could dif-
fer between the groups.

The SNPH and INPH patients were analyzed separately to
allow for possible differences in pathophysiology and
comorbidity between INPH and SNPH cases. The two
groups showed a similar pattern of postoperative CSF
marker changes. Correlations similar to those of the
whole sample were observed in the INPH group between
CSF marker concentrations and clinical measures.

A possible explanation for the postoperative biochemical
changes shown in this study could be altered CSF dynam-
ics related to shunt placement, i.e. increased CSF flow
from the ventricles. However, a postoperative increase was
seen for some CSF markers but not others (monoamine
metabolites, sulphatide and NFL). This difference
between different peptides could argue against this expla-
nation since one would expect similar postoperative
changes for all markers if changes were caused by altered
CSF dynamics. Previously, it was shown that there is no
association between ventricular size and CSF marker con-
centrations which argues against the assumption that var-
iations in ventricular size explains differences in CSF
marker concentrations [18]. Also, MRI studies show very
rapid mixing of CSF within the subarachnoid space [35]
which argues against gradients caused by the shunt device.

Due to the methodological problems mentioned, the bio-
chemical alterations shown here should be interpreted
with care. Our findings indicate that there is no major
down regulation of neurotransmission in NPH as levels of
monoamine metabolites and neuropeptides remain
within normal limits both pre- and postoperatively. The
postoperative increase seen for tau could possibly be due
to a perioperative trauma to the cerebral cortex caused by
the ventricular catheter. Accordingly, tau levels remain
elevated up to five months after an acute stroke episode
[33]. The postoperative increase in albumin ratio (blood
brain barrier function), sulphatide (demyelination) and
GD3 (astrogliosis) could indicate that shunt implantation
may induce different pathological alterations in the brain.
Future CSF studies of NPH patients with longer follow-up
(12 months or more) are warranted to settle these issues.

Conclusion
A number of biochemical changes occur in the lumbar
CSF after shunt surgery, including both functional and
structural biomarkers. The results of this study indicate
that NFL could be a marker that reflects the reversible state
in NPH. Higher NFL levels occurred in patients with
greater impairment. Higher preoperative NFL levels were
also correlated with more marked clinical and functional
improvement after shunting. Additionally, a greater post-
operative reduction in NFL correlated with more pro-
nounced clinical improvement.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
All authors participated in the design of the study, data
analysis and draft of the manuscript. MT examined the
patients, performed LPs and was responsible for data han-
dling and analysis and manuscript preparation. KB, J-EM
and PF carried out the different CSF analyses. MTi, per-
formed the shunt operations. CW examined patients, per-
formed LPs and participated in data analysis. All authors
read and approved the final manuscript.

Acknowledgements
This study was supported by research grants from the Edit Jacobson Foun-
dation, the John and Brit Wennerstrom Foundation, the Hjalmar Svensson 
Foundation, the Rune and Ulla Ahlmlov Foundation, the P-O Ahl Founda-
tion, the Göteborg Medical Society, the Swedish Medical Society, the Hel-
mut Herz Foundation, the Swedish Association of Neurologically Disabled, 
the Swedish Medical Research Council (Grant 11560 and 12103) and the 
Swedish Brain Foundation.

References
1. Hoglund M, Tisell M, Wikkelso C: Incidence of surgery for hydro-

cephalus in adults surveyed: same number afflicted by hydro-
cephalus as by multiple sclerosis.  Lakartidningen 2000,
98(14):1681-1685.

2. Larsson A, Bergh AC, Bilting M, Arlig A, Jacobsson L, Stephensen H,
Wikkelso C: Regional cerebral blood flow in normal pressure
hydrocephalus: diagnostic and prognostic aspects.  Eur J Nucl
Med 1994, 21(2):118-123.

3. Tullberg M, Hellstrom P, Piechnik SK, Starmark JE, Wikkelso C:
Impaired wakefulness is associated with reduced anterior
cingulate CBF in patients with normal pressure hydrocepha-
lus.  Acta Neurol Scand 2004, 110(5):322-330.

4. Owler BK, Pena A, Momjian S, Czosnyka Z, Czosnyka M, Harris NG,
Smielewski P, Fryer T, Donvan T, Carpenter A, Pickard JD: Changes
in cerebral blood flow during cerebrospinal fluid pressure
manipulation in patients with normal pressure hydrocepha-
lus: a methodological study.  J Cereb Blood Flow Metab 2004,
24(5):579-587.

5. Boon AJ, Tans JT, Delwel EJ, Egeler-Peerdeman SM, Hanlo PW, Wur-
zer HA, Hermans J: Dutch Normal-Pressure Hydrocephalus
Study: the role of cerebrovascular disease.  J Neurosurg 1999,
90(2):221-226.

6. Agren-Wilsson A, Roslin M, Eklund A, Koskinen LO, Bergenheim AT,
Malm J: Intracerebral microdialysis and CSF hydrodynamics
in idiopathic adult hydrocephalus syndrome.  J Neurol Neurosurg
Psychiatry 2003, 74(2):217-221.

7. Bradley WG Jr., Whittemore AR, Watanabe AS, Davis SJ, Teresi LM,
Homyak M: Association of deep white matter infarction with
chronic communicating hydrocephalus: implications regard-
Page 7 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11379170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11379170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11379170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8162934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8162934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15476461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15476461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15476461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15129190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15129190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15129190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9950492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9950492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12531954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12531954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1899515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1899515


Cerebrospinal Fluid Research 2008, 5:9 http://www.cerebrospinalfluidresearch.com/content/5/1/9
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

ing the possible origin of normal- pressure hydrocephalus
[see comments].  AJNR Am J Neuroradiol 1991, 12(1):31-39.

8. Tullberg M, Jensen C, Ekholm S, Wikkelso C: Normal pressure
hydrocephalus: Vascular white matter changes on MRI must
not exclude patients from shunt surgery.  Am J Neuroradiol 2001,
22(9):1665-1673.

9. Tullberg M, Hultin L, Ekholm S, Mansson JE, Fredman P, Wikkelso C:
White matter changes in normal pressure hydrocephalus
and Binswanger disease: specificity, predictive value and cor-
relations to axonal degeneration and demyelination.  Acta
Neurol Scand 2002, 105(6):417-426.

10. Albrechtsen M, Sorensen PS, Gjerris F, Bock E: High cerebrospinal
fluid concentration of glial fibrillary acidic protein (GFAP) in
patients with normal pressure hydrocephalus.  J Neurol Sci
1985, 70(3):269-274.

11. Tullberg M, Rosengren L, Blomsterwall E, Karlsson JE, Wikkelso C:
CSF neurofilament and glial fibrillary acidic protein in nor-
mal pressure hydrocephalus.  Neurology 1998, 50(4):1122-1127.

12. Tarkowski E, Tullberg M, Fredman P, Wikkelso C: Normal pres-
sure hydrocephalus triggers intrathecal production of TNF-
alpha.  Neurobiol Aging 2003, 24(5):707-714.

13. Tullberg M, Mansson JE, Fredman P, Lekman A, Blennow K, Ekman R,
Rosengren LE, Tisell M, Wikkelso C: CSF sulfatide distinguishes
between normal pressure hydrocephalus and subcortical
arteriosclerotic encephalopathy.  J Neurol Neurosurg Psychiatry
2000, 69(1):74-81.

14. Wikkelso C, Ekman R, Westergren I, Johansson B: Neuropeptides
in cerebrospinal fluid in normal-pressure hydrocephalus and
dementia.  Eur Neurol 1991, 31(2):88-93.

15. Galard R, Poca MA, Catalan R, Tintore M, Castellanos JM, Sahuquillo
J: Decreased cholecystokinin levels in cerebrospinal fluid of
patients with adult chronic hydrocephalus syndrome.  Biol Psy-
chiatry 1997, 41(7):804-809.

16. Poca MA, Mataro M, Sahuquillo J, Catalan R, Ibanez J, Galard R: Shunt
related changes in somatostatin, neuropeptide Y, and corti-
cotropin releasing factor concentrations in patients with
normal pressure hydrocephalus.  J Neurol Neurosurg Psychiatry
2001, 70(3):298-304.

17. Malm J, Kristensen B, Ekstedt J, Adolfsson R, Wester P: CSF
monoamine metabolites, cholinesterases and lactate in the
adult hydrocephalus syndrome (normal pressure hydroceph-
alus) related to CSF hydrodynamic parameters.  J Neurol Neu-
rosurg Psychiatry 1991, 54(3):252-259.

18. Tullberg M, Blennow K, Mansson JE, Fredman P, Tisell M, Wikkelso
C: Ventricular cerebrospinal fluid neurofilament protein lev-
els decrease in parallel with white matter pathology after
shunt surgery in normal pressure hydrocephalus.  Eur J Neurol
2007, 14(3):248-254.

19. Wikkelso C, Andersson H, Blomstrand C, Lindqvist G, Svendsen P:
Normal pressure hydrocephalus. Predictive value of the cer-
ebrospinal fluid tap-test.  Acta Neurol Scand 1986, 73(6):566-573.

20. Larsson A, Wikkelso C, Bilting M, Stephensen H: Clinical parame-
ters in 74 consecutive patients shunt operated for normal
pressure hydrocephalus.  Acta Neurol Scand 1991, 84(6):475-482.

21. Blomsterwall E, Bilting M, Stephensen H, Wikkelso C: Gait abnor-
mality is not the only motor disturbance in normal pressure
hydrocephalus.  Scand J Rehabil Med 1995, 27(4):205-209.

22. Lindqvist G, Andersson H, Bilting M, Blomstrand C, Malmgren H,
Wikkelso C: Normal pressure hydrocephalus: psychiatric find-
ings before and after shunt operation classified in a new diag-
nostic system for organic psychiatry.  Acta Psychiatr Scand 1993,
88(Suppl 373):18-32.

23. Blennow K, Wallin A, Gottfries CG, Mansson JE, Svennerholm L:
Concentration gradients for monoamine metabolites in
lumbar cerebrospinal fluid.  J Neural Transm Park Dis Dement Sect
1993, 5(1):5-15.

24. Fredman P, Wallin A, Blennow K, Davidsson P, Gottfries CG, Sven-
nerholm L: Sulfatide as a biochemical marker in cerebrospinal
fluid of patients with vascular dementia.  Acta Neurol Scand
1992, 85(2):103-106.

25. Widerlov E, Lindstrom LH, Wahlestedt C, Ekman R: Neuropeptide
Y and peptide YY as possible cerebrospinal fluid markers for
major depression and schizophrenia, respectively.  J Psychiatr
Res 1988, 22(1):69-79.

26. Blennow K, Wallin A, Agren H, Spenger C, Siegfried J, Vanmechelen
E: Tau protein in cerebrospinal fluid: a biochemical marker

for axonal degeneration in Alzheimer disease?  Mol Chem Neu-
ropathol 1995, 26(3):231-245.

27. Lekman A, Fredman P: A new procedure for determining gan-
glioside GD3 a potential glial cell activation marker in cere-
brospinal fluid.  Neurochem Int 1998, 33(2):103-108.

28. Rosengren LE, Karlsson JE, Karlsson JO, Persson LI, Wikkelso C:
Patients with amyotrophic lateral sclerosis and other neuro-
degenerative diseases have increased levels of neurofilament
protein in CSF.  J Neurochem 1996, 67(5):2013-2018.

29. Tibbling G, Link H, Ohman S: Principles of albumin and IgG anal-
yses in neurological disorders. I. Establishment of reference
values.  Scand J Clin Lab Invest 1977, 37(5):385-390.

30. Tanaka A, Kimura M, Nakayama Y, Yoshinaga S, Tomonaga M: Cere-
bral blood flow and autoregulation in normal pressure
hydrocephalus.  Neurosurgery 1997, 40(6):1161-5; discussion 1165-
7.

31. Akai K, Uchigasaki S, Tanaka U, Komatsu A: Normal pressure
hydrocephalus. Neuropathological study.  Acta Pathol Jpn 1987,
37(1):97-110.

32. Krauss JK, Regel JP, Vach W, Droste DW, Borremans JJ, Mergner T:
Vascular risk factors and arteriosclerotic disease in idio-
pathic normal- pressure hydrocephalus of the elderly.  Stroke
1996, 27(1):24-29.

33. Hesse C, Rosengren L, Vanmechelen E, Vanderstichele H, Jensen C,
Davidsson P, Blennow K: Cerebrospinal fluid markers for
Alzheimer's disease evaluated after acute ischemic stroke.  J
Alzheimers Dis 2000, 2(3-4):199-206.

34. Kay AD, Petzold A, Kerr M, Keir G, Thompson E, Nicoll JA: Altera-
tions in cerebrospinal fluid apolipoprotein E and amyloid
beta-protein after traumatic brain injury.  J Neurotrauma 2003,
20(10):943-952.

35. Greitz D, Hannerz J, Rahn T, Bolander H, Ericsson A: MR imaging
of cerebrospinal fluid dynamics in health and disease. On the
vascular pathogenesis of communicating hydrocephalus and
benign intracranial hypertension.  Acta Radiol 1994,
35(3):204-211.

36. Goldsmith RF, Earl JW, Cunningham AM: Determination of delta-
aminobutyric acid and other amino acids in cerebrospinal
fluid of pediatric patients by reversed-phase liquid chroma-
tography.  Clin Chem 1987, 33(10):1736-1740.
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1899515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1899515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11673159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11673159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11673159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12027829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12027829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12027829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4056822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4056822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4056822
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9566405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9566405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9566405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12885578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12885578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12885578
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10864607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10864607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10864607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1675171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1675171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1675171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9084899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9084899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11181849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11181849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11181849
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1709421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1709421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1709421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17355543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17355543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17355543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3751498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3751498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3751498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1792852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1792852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1792852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8650504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8650504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8650504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8372699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8372699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8372699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7679905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7679905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7679905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1574982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1574982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3397912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3397912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3397912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8748926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8748926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9761454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9761454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9761454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8863508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8863508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8863508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=337459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=337459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=337459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9179888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9179888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9179888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3577765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3577765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8553398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8553398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8553398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12214084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12214084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14588111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14588111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14588111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8192953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8192953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8192953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2889543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2889543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2889543
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Study protocol
	Clinical measures
	CSF analysis
	Statistics

	Results
	Clinical measures
	CSF biomarkers pre- and postoperatively
	Association between clinical measures and CSF biomarkers
	Preoperative measures
	Postoperative measures


	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References

