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Abstract: IIH is a condition of raised intracranial pressure of unknown pathogenesis, which is most commonly seen 
in young overweight women. This study was designed to confirm and extend previous reports by our and other 
groups showing increased inflammatory cytokine expression in patients with IIH. We analyzed the concentrations 
of 14 cytokines (IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-17, IL-22, IL-23, IFNγ, TNFα, TGFβ, and osteopontin) in 
the serum and cerebrospinal fluid (CSF) of 17 patients with IIH and 53 patients with other neurological conditions. 
Patients with IIH had highly elevated IL-2, IL-4, IL-10, IL-17 and IFNγ in the CSF compared to patients with multiple 
sclerosis or non-organic/non-inflammatory neurological conditions. No significant differences were seen between 
serum cytokine levels in four patient groups (IIH - multiple sclerosis - inflammatory neurological conditions - non-
organic/non-inflammatory neurological conditions) and there were no correlations between serum and CSF cytokine 
levels. In IIH, levels of IL-2, IL-8 and IL-17 were significantly higher in CSF than serum; levels of IL-1β, IL-4, IL-22, 
IFNγ and TNFα were significantly higher in serum than CSF. For most cytokines, the CSF/serum cytokine ratio was 
significantly higher than the CSF/serum albumin ratio, indicating intrathecal synthesis of these cytokines in IIH. We 
conclude that IIH is associated with elevated levels of IL-17 and IL-2 in the CSF, suggesting the involvement of these 
cytokines in disease pathogenesis.
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Background

Idiopathic intracranial hypertension (IIH) is a 
clinical disorder of unknown etiology, charac-
terized by symptoms and signs of increased 
intracranial pressure (including headache, tran-
sient visual obscurations, papilledema and 
visual loss), no other abnormalities or impaired 
level of consciousness, objective elevation of 
intracranial pressure, and no other demonstra-
ble cause of intracranial hypertension [1]. As 
yet, the pathogenesis is unknown and treat-
ment is often unsatisfactory [2, 3].

Cerebrospinal fluid (CSF) is produced primarily 
in the choroid plexuses in the ventricles of the 
brain. From here, it circulates through the ven-
tricular system and passes around the sub-

arachnoid space, from where it is reabsorbed 
through arachnoid villi and granulations into the 
venous sinuses and, possibly, through lymphat-
ics as well [4, 5].

The leading hypothesis of the defect in IIH is 
that CSF absorption is impeded at the level of 
the arachnoid villi [6]. The defects in absorption 
have been demonstrated by several studies of 
radioisotopic cisternography, showing delayed 
clearance of CSF [7, 8]. The nature of this block-
age is unknown.

The venous sinuses are thought to be a key site 
for CSF absorption, so that any alteration in 
their structure or function may interfere with 
this process. Cerebral venography studies have 
demonstrated that a majority of IIH patients 
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wider range of cytokines in both 
CSF and serum. The study of a 
new and larger population of 
subjects enabled us to validate 
our previous results and explore 
central and peripheral cytokine 
patterns in IIH.

Materials and methods

The study was approved by 
local ethics committees in the 
participating sites. Written in- 
formed consent was obtained 
from all patients. Blood and 

Table 1. Details of the 70 subjects included in the CSF analysis
Diagnosis No. subjects Sex Median age (range)
IIH 17 1M:16F 34 (21-49)
MSa 40 11M:31F 42.5 (18-70)
Other Inflammatoryb 8 5M:3F 67 (38-72)
Functionalc 5 5F 40 (37-47)
aMultiple sclerosis (MS) group included 7 patients with clinically isolated syn-
drome (CIS) in remission, 7 patients with PPMS, 12 patients with relapsing re-
mitting MS in remission, 1 patient with progressive relapsing MS in remission, 
3 patients with SPMS, in remission, and 10 MS patients in relapse. bThe “Other 
Inflammatory” group included 5 patients with chronic inflammatory demyelinat-
ing polyneuropathy (CIDP) and 3 patients with neurosarcoidosis. cFunctional 
- patients with neurologic symptoms for which no organic cause could be found, 
including non-epileptic attack disorder and fibromyalgia.

have stenoses of various degrees in their cere-
bral venous sinuses, most commonly in the 
transverse sinus. However, controversy remains 
as to whether such changes are a cause or a 
consequence of raised CSF pressure [9, 10].

Interestingly, IIH shares many clinical features 
with venous sinus thrombosis (VST), a clinical 
condition that needs to be excluded in IIH 
patients. Some risk factors are indeed common 
to both IIH and VST, including the presence of 
pro-thrombotic state [11, 12] and obesity [13, 
14].

Recent studies have examined immunological 
parameters in the serum and/or CSF of IIH 
patients. One group has shown elevation of 
chemokine (C-C motif)-ligand 2 (CCL2) in the 
CSF of IIH patients compared to controls [15, 
16], another has shown elevation of CSF leptin 
and a correlation between CSF IL-6 and waist 
circumference in IIH patients [17], and a third 
showed significant elevation of CSF IL-6 levels 
compared to controls [18].

In studies primarily aimed initially at investigat-
ing the pathogenesis of multiple sclerosis (MS), 
we previously analyzed the levels of four key 
cytokines, IFNγ, IL-4, IL-10 and IL-17 (focusing 
on cytokines thought to be secreted by Th1, 
Th2, T-regulatory and Th17 cells respectively) in 
patients with IIH, MS, clinically isolated syn-
drome (CIS) and chronic inflammatory demye-
linating polyneuropathy (CIDP). In patients with 
IIH, we found significantly increased levels of 
IL-17 in CSF compared to the other neurological 
conditions [19]. Given the importance of pat-
terns of cytokine secretion in the pathophysiol-
ogy of T helper responses [20], in the present 
study, specifically focused on IIH, we analyzed a 

CSF were obtained from patients at Neurology 
clinics of three separate sites - 1) Nottingham 
University Hospitals (UK); 2) Sheffield Royal 
Hallamshire Hospital (UK), and 3) Ulm University 
Hospital (Germany). All cytokine assays were 
performed in Nottingham.

Subjects

CSF from 70 subjects was available for analy-
sis; for details, see Table 1.

Serum from 33 (47%) of the subjects used in 
the CSF analysis was available for analysis (7 
IIH, 22 MS, 4 inflammatory neurological con- 
ditions).

Sample processing

Lumbar CSF and serum from peripheral venous 
blood were collected within 1 hour of each 
other, between 9 am and 3 pm. CSF was centri-
fuged at 400 g for 10 min at 10°C. The super-
natant was collected and frozen at -80°C until 
processed. Serum was left to stand at room 
temperature for 2 h and then centrifuged at 
1500 g for 10 min. The supernatant was col-
lected and frozen at -80°C until processed.

Cytokine measurement

The cytokines IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, 
IL-12p70, IL-17, IFNγ and TNFα were measured 
in CSF and serum using a custom 10-plex assay 
from BioRad (Hemel Hampstead, UK). Sta- 
ndards were reconstituted in distilled water 
and serial dilutions were made to provide a 
standard curve. Samples were diluted 1:3 in 
sample diluent. Standards and samples were 
loaded onto a 96-well plate, mixed with cyto-
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kine-specific antibody-coated beads and incu-
bated at room temperature for 60 min. The 
plate was then washed and biotin-conjugated 
detection antibody was added and incubated 
for a further 30 min. After washing, streptavi-
din-PE was added and the plate was incubated 
for 10 min. After a final wash, the plate was 
read using a Bioplex system (from BioRad, 
Hemel Hampstead, UK).

The cytokines IL-22, IL-23, TGFβ and osteopon-
tin (OPN) were assayed using commercial ELISA 
kits (R&D Systems, Abingdon, UK) according to 
the manufacturer’s instructions. CSF samples 
were diluted 1:50 for the OPN assay.

The mean coefficient of variation for the sam-
ples assayed using these methods was 6.75%.

Patients’ records were reviewed for diagnosis 
and other clinical and paraclinical details.

Statistical analysis

Statistical analysis was conducted using “R” 
(www.r-project.org) and GraphPad Prism (La 
Jolla, California, USA) software as follows. 
Groups were combined into “MS” (including 
clinically definite MS and clinically isolated syn-
drome [CIS] suggestive of inflammatory demy-
elination); “other inflammatory” (chronic inflam-
matory demyelinating polyneuropathy - CIDP 

Table 2. CSF cytokine concentrations in different neurological conditionsa

Cytokine IIH MS Other Inflammatory Functional/Non 
inflammatory p value

IL-1β 0.13 (0.03-0.54) 0 (0-0.36) 0.11 (0-0.51) 0.06 (0-0.08) 0.017
IL-2 0.89 (0-5.25) 0 (0-2.35) 0.65 (0.46-1.98) 0.54 (0-0.76) <0.0001
IL-4 0.24 (0.17-0.41) 0.05 (0-0.25) 0.25 (0.1-0.28) 0.18 (0.08-0.27) <0.0001
IL-6 3.46 (0.82-10.83) 2.59 (0.76-31.28) 5.88 (1.84-14.83) 2.54 (1.71-4.55) 0.08
IL-8 27.73 (7.16-94.75) 30.87 (21.14-91.46) 43.44 (26.33-61.38) 23.21 (16.92-31.08) 0.03
IL-10 1.25 (0.88-2.07) 1.10 (0.33-1.61) 1.63 (1.33-1.71) 1.01 (0.91-1.23) 0.0005
IL-12p70 2.24 (0-10.67) 1.11 (0-4.17) 0.87 (0-4.58) 0.69 (0-1.7) 0.0139
IL-17 14.96 (10.02-30.27) 4.86 (0-15.06) 9.52 (6.14-22.66) 9.52 (3.35-11.12) <0.0001
IFNγ 8.9 (2.34-18.23) 2.10 (0-17.58) 9.82 (4.14-16.25) 2.34 (0-13.2) 0.0003
TNFα 2.84 (0-8.53) 1.14 (0-3.61) 1.95 (0-8.94) 0 (0-2.05) 0.0065
TGFβ 79.26 (5.88-186.93) 43.77 (4.29-198.90) 68.89 (9.87-16.21) 37.39 (19.44-125.52) 0.28
OPN 207.6 (85.13-477.41) 333.3 (28.51-766.20) 371.3 (81.86-529.95) 179.1 (108.44-346.38) 0.182
aConcentrations are in pg/ml; “p” denotes p value when groups are compared using Kruskal-Wallis test. Statistically significant results high-
lighted in bold text. Range of cytokines values in each group are in parentheses.

Figure 1. Graphical representation 
of cytokine levels which were signifi-
cantly different between the subject 
groups. Horizontal bars denote me-
dian values. Y axes denote cytokine 
concentrations in pg/ml. “MS” group 
contains patients in both remission 
and relapse as well as patients with 
clinically isolated syndrome.
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- and neurosarcoidosis), non-inflammatory dis-
orders (migraine, non-epileptic attack disorder 
and fibromyalgia) and “IIH” (diagnosed accord-
ing to the accepted Friedman-Jacobson diag-
nostic criteria). Kruskal-Wallis p test was used 
to compare CSF and serum cytokine levels 
between the groups. Since 12 cytokines were 
measured in the CSF, Bonferroni correction 
was used and the significance was taken as 
p<(0.05/12) i.e. <0.00417). Mann-Whitney U 
test was used for further comparisons between 
two individual groups.

Regression analysis was used to explore the 
correlation between CSF and serum cytokine 
levels. The p value taken for statistical signifi-
cance given multiple comparisons was 
<0.00417. Mann-Whitney U test was used to 
compare CSF and serum levels of each 
cytokine.

In a subgroup of patients in whom both serum 
and CSF levels of cytokines and serum albumin 
were available, the CSF/serum albumin index 
(calculated by dividing CSF albumin by serum 
albumin concentrations) was compared with 
the CSF/serum cytokine index (CSF cytokine 
concentration/serum cytokine concentration) 
using Wilcoxon matched pairs analysis.

In IIH patients, simple linear regression was 
used to compare individual CSF cytokine mea-
surements with opening CSF pressure, body 
mass index (BMI), CSF/serum albumin ratio, 
CSF protein and CSF cellular composition.

The computer programme “R” (www.r-project.
org) was used to perform pairwise Pearson’s 
correlations between cytokines. Multiple cor-
rection analysis was based on an initial signifi-
cance level of p<0.05 with a total of 12 param-
eters (12*11/2=66; 0.05/66 giving a signi- 
ficance level set at p<0.00076).

Results

Opening pressure and CSF cellular composi-
tion in IIH patients

Median opening pressure for the IIH patients 
was 37 cm water (range 24-40), with normal 
cellular composition of CSF (0-3 white cells, 
mean 0.9; 0-279 red cells, mean 29).

CSF cytokine levels

Table 2 shows the median values of cytokines 
detected in the patient groups, measured in 
pg/ml. Figure 1 shows the distribution of CSF 
cytokine levels in the patient groups. Statistical 
corrections were made for multiple compari-
sons (see Materials and Methods); the statisti-
cally significant results are in bold characters in 
Table 2 and displayed in graphical format in 
Figure 1.

IL-2 and IL-4 levels were significantly higher in 
the IIH patients (Mann-Whitney U test; p<0.001 
in both cases) and the other inflammatory 
group (p=0.0006 and 0.0007 respectively) 
compared to MS patients.

Table 3. Serum cytokine concentrations in different neurological conditionsa

Cytokine IIH MS Other Inflammatory p value (K-W)
IL-1β 0.98 (0.05-2.16) 0.71 (0.02-1.78) 0.81 (0.63-1.01) 0.65
IL-2 0 0 0 U
IL-4 1.80 (0-4.52) 1.35 (0-5.18) 1.88 (1.5-2.38) 0.40
IL-6 4.06 (0-9.45) 4.14 (0-28.41) 2.92 (2.23-3.48) 0.96
IL-8 6.12 (3.74-7.28) 6.77 (3.8-15.67) 6.78 (6.47-7.09) 0.76
IL-10 1.22 (0.09-3.01) 1.14 (0-2.69) 0.82 (0.58-1.24) 0.59
IL-12p70 2.14 (0-4.87) 2.51 (0-7.18) 2.84 (0.97-4.5) 0.52
IL-17 0 0 0 U
IL-22 9.92 (0-55.52) 3.41 (0-18.62) 272.01 (0-1052) 0.09
IL-23 0 0 0 U
IFNγ 87.93 (0-239.66) 58.45 (0-129.1) 76.96 (13.2-131.1) 0.62
TNFα 17.63 (0-52.54) 10.84 (0-40.08) 12.57 (9.22-15.52) 0.59
aConcentrations are in pg/ml; range of cytokines values in each group are in parentheses. KW p denotes Kruskal-Wallis p value 
for comparisons between groups. U denotes comparison not done due to undetectable cytokine concentrations.
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IL-10 was significantly lower in the IIH group 
than the other inflammatory group (p=0.0043). 
The CSF IL-10 level in MS patients was signifi-
cantly lower than in the other inflammatory 
group (p=0.0003). The latter group had signifi-
cantly higher levels of IL-10 than the non-inflam-
matory group (p=0.0006).

Levels of IL-17 were significantly higher in the 
IIH group than in patients with MS (p<0.0001) 
and patients with non-inflammatory conditions 
(p=0.0043). IL-17 levels in the other inflamma-
tory group were also significantly higher than in 
the MS group (p=0.0029).

IFNγ levels were significantly higher in the IIH 
group than in the MS group (p<0.0001).

Serum cytokine levels

Details of cytokine levels in the serum of differ-
ent patient groups are shown in Table 3. After 
correction for multiple comparisons, there were 
no statistically significant differences in serum 
cytokine levels between the patient groups.

CSF/serum cytokine correlations and differ-
ences

No correlations were seen between CSF and 
serum levels of individual cytokines. There 
were some significant differences between 
serum and CSF cytokine levels, with higher lev-

els of IL-1β, IL-4, IL-22 and IFNγ in the serum 
than the CSF. By contrast, IL-2, IL-8 and IL-17 
levels were significantly higher in the CSF than 
the serum (see Table 4 and Figure 2).

CSF/serum albumin and cytokine ratios

In a subgroup of patients, CSF/serum albumin 
ratios had been measured and were recorded 
in the medical records. We compared these 
with the CSF/serum cytokine values when both 
of these were available (n=19; 27%) and thus 
assessed the intrathecal cytokine synthesis 
[21].

CSF/serum albumin ratios did not differ signifi-
cantly between the patient groups (data not 
shown). The CSF/serum albumin ratio was 
lower than the cytokine ratios in all the cyto-
kines where this could be compared, reaching 
statistical significance with the cytokines IL-1b, 
IL-4, IL-6, IL-8 and IL-10 (Table 5). It was not 
possible to calculate ratios of IL-2, IL-17, IL-22 
and IL-23 due to the lack of detection in one of 
either serum or CSF. In a subgroup of the 
remaining cytokines (1/19 with IL-1b, 6/19 with 
IL-4, 4/19 with IL-6, 0/19 with IL-8, 1/19 with 
IL-10, 9/19 with IL-12, 5/19 with IFNγ and 6/19 
with TNFα), no serum cytokine was detectable, 
so CSF/serum cytokine ratio could not be cal-
culated. In each case in Table 5, these individu-
al results have been omitted from the 
analysis.

Table 4. Comparisons between CSF and serum cytokine levels

Cytokine CSF/serum correlation
r2

CSF/serum correlation
P MWU CSF vs serum Location of higher 

concentration
IL-1b 0.006 0.65 <0.0001 SERUM
IL-2 U U U CSF
IL-4 0.00002 0.98 0.0002 SERUM
IL-6 0.021 0.41 0.55 -
IL-8 0.043 0.25 <0.0001 CSF
IL-10 0.0008 0.88 0.15 -
IL-12p70 0.093 0.08 0.44 -
IL-17 U U U CSF
IL-22 U U U SERUM
IL-23 U U U -
IFNγ 0.006 0.67 <0.0001 SERUM
TNFα 0.0007 0.88 0.0003 SERUM
CSF/serum correlations: r2 column indicates the r2 value for the CSF and serum values; CSF/serum correlation p value column 
gives the p value for this correlation. MWU CSF vs serum indicates the Man Whitney U test p value of the comparison of the 
serum and CSF cytokine concentrations, with the body fluid in which the concentration was higher given in the neighboring 
column. “U” indicates that statistical analysis could not be done due to undetectable levels in one or more medium.
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(0.657; 6.28E-10); IL-2 and IFNγ (0.439; 
0.0001); IL-2 and TNFα (0.424; 0.0003); 
IL-4 and IL-17 (0.685; 6.41E-11); IL-8 and 
OPN (0.602; 0.0002); IL-12p70 and TNFα 
(0.607; 2.51E-08); IL-17 and IFNγ (0.445; 
0.0001); IL-17 and TNFα (0.454; 8.02E-
05); (see Figure 3). No correlations were 
seen between the remaining cytokines.

Discussion

Our results demonstrate a pro-inflamma-
tory cytokine profile in the CSF of patients 
with IIH. These findings confirm and 
expand those of our earlier study [22] 
which demonstrated a significant upregu-
lation of IL-17 in the CSF of IIH patients 
compared to patients with CIDP, CIS or 
MS. The present study has investigated a 
new and larger group of subjects, a wider 

Correlation with clinical/paraclinical param-
eters

In the IIH population, no correlations were seen 
between individual cytokine measurements 
and opening pressure, body mass index, CSF/
serum albumin ratio, CSF protein or CSF cellu-
lar composition (data not shown).

Correlations between CSF cytokine levels

Positive correlations were seen between the 
following pairs of cytokines (with correlation 
coefficient and p values shown in parentheses): 
IL-2 and IL-4 (0.611; 1.94E-08); IL-2 and IL-17 

range of other neurological conditions and also 
enabled comparison of serum and CSF cyto-
kine values, allowing us to make inferences on 
the source of some of the cytokines.

IIH patients had significantly elevated levels of 
IL-17 and IL-2 compared to the MS, other inflam-
matory (CIDP and neurosarcoidosis) and func-
tional disorder group. Patients with other in- 
flammatory diseases of the nervous system 
had higher levels of IL-4, IL-10 and IFNγ than IIH 
patients and the other two groups. There were 
also non-significant increases in the levels of 
IL-1β, IL-12p70, TNFα and TGFβ in IIH patients 
compared to all other patient groups. In terms 

Figure 2. Differences between serum and CSF cytokines; horizontal bars denote median values. Y axes give cytokine 
concentrations in pg/ml. Comparison of serum/CSF cytokines are paired (i.e. CSF and serum from the same pa-
tient). Graph shows all subjects who had both serum and CSF available for analysis (i.e. a mix of diagnostic groups).

Table 5. CSF/serum ratios for individual cytokines 
and comparison with the CSF/serum albumin ratio. 
Bold values denote statistical significance (p<0.05 
corrected for 8 comparisons, so p<0.00556)

Cytokine CSF/serum ratio
Difference from CSF/se-

rum albumin ratio (overall 
mean=5.4x10-3) (p value)

IL-1b 2.9896 0.002
IL-4 0.0495 0.003
IL-6 1.0634 0.0006
IL-8 5.7019 0.0001
IL-10 1.3626 0.0002
IL-12 0.1959 0.0751
IFNγ 0.0758 0.00758
TNFα 0.1311 0.00785
Differences between the CSF/serum ratios were calculated using 
Wilcoxon matched pairs test.
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of T-helper cell subsets, this may correspond to 
a significant Th17 (IL-17) and Th1 (IL-2, IFNγ) 
bias in the IIH patients, with particularly elevat-
ed levels of IL-17 and IL-2.

Correlations were also seen between pairs of 
cytokines in the CSF. IL-12p70, IL-17, IFNγ and 
TNFα are considered pro-inflammatory cyto-
kines, and their co-expression further supports 
that they may be stimulated through common 
pathways.

One explanation for these correlations could be 
that IIH is a disease with increased production 

of IL-17, IFNγ and TNFα, and that overproduc-
tion of IL-2, IL-4 and IL-10 is a compensatory 
mechanism [23, 24].

Serum was available from just under half of the 
patients whose CSF was analyzed. This limita-
tion in sample sizes may contribute, at least in 
part, to the lack of significant differences seen 
between the groups in terms of their serum 
cytokine concentration. There were marked dif-
ferences in concentrations in serum and CSF 
for several of the cytokines, and the differenc-
es between CSF/serum cytokine and CSF/
serum albumin ratios (as well as the bidirec-

Figure 3. Correlations between pairs of cytokines in the CSF. The computer program “R” was used to perform pair 
wise correlations between cytokines. The figures show the results of this in graphical form.



Pro-inflammatory IIH CSF

241	 Am J Clin Exp Immunol 2013;2(3):234-244

tional differences in CSF and serum concentra-
tions with different cytokines) argues against 
simple diffusion between the media [21]. 
Higher levels of IL-2 and IL-17 in the CSF than in 
the serum could be explained by selective 
transport of cytokines or intrathecal synthesis 
[23]. By contrast, restricted transport could 
determine lower levels of IL-1β, IL-4, IL-22, IFNγ 
and TNFα in the CSF than in the serum.

It is well recognized that IIH is strongly associ-
ated with obesity, particularly in women of 
child-bearing age [26, 27]. Increasing evidence 
implicates obesity as a significant contributor 
to a systemic pro-inflammatory state. Adipose 
tissue can act as an endocrine organ, secreting 
cytokines and hormones [28-30]. Obesity has 
been shown in both mice and humans to be 
associated with higher levels of IL-17 [31, 32]. 
Weight loss significantly reduces the levels of 
circulating pro-inflammatory cytokines [33-36] 
[24] and is an essential component of the treat-
ment for IIH [37-39] In our study, IL-17 was one 
of the two significantly elevated cytokines in IIH 
CSF compared to the other groups. We can 
speculate that adipose-derived cytokines may 

circulate in the bloodstream and either access 
the CNS directly or cause local release of cyto-
kines in the CNS [40-42]. The first possibility 
appears less likely as our data argue against 
simple diffusion of cytokines from the serum 
into the CNS. It is difficult to determine, based 
on our study, whether the increased IL-17 in our 
IIH patients simply reflect obesity or is directly 
related to the condition of increased intracra-
nial pressure. Comparing them with a BMI-
matched control group without IIH was not pos-
sible for ethical reasons related to collecting 
CSF from healthy volunteers. Nevertheless, the 
lack of correlation between CSF cytokine and 
BMI suggests that the increased IL-17 cannot 
simply be explained on the basis of obesity.

Obesity is a pro-thrombotic state. IIH patients 
also have pro-thrombotic/anti-fibrinolytic risk 
factors serologically, and one of the key factors 
in impaired CSF drainage has been suggested 
to be microthrombi in the arachnoid villi [11, 
12, 43]. IIH patients who are obese have a 
higher prevalence of circulating prothrombotic 
factors than non-obese IIH patients [25]. Pro-
inflammatory cytokines such as IL-17 [26, 27] 

Figure 4. Flow diagram indicates possible mechanisms through which obesity and its associated pro-inflammatory 
and pro-thrombotic profile may contribute to the initiation and perpetuation of IIH. Curved arrows indicate positive 
feedback of one process on another; red text indicates sites of current clinical intervention. LP=lumbar puncture; 
ACZ=acetazolamide.
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and IL-2 [47, 48] can mediate thrombosis [49, 
50]. Therefore, the increased IL-17 could facili-
tate the formation of microthrombi and reduce 
CSF drainage. The thrombus itself can stimu-
late cytokine release [51]. We propose a model 
in which regardless of whether the inflammato-
ry cytokines are a primary or secondary phe-
nomenon in IIH, their presence can worsen the 
pathological situation further (Figure 4).

In conclusion, we report increased IL-17 and 
IL-2 in the CSF of IIH patients compared to 
patients with other neurological diseases. 
Further studies are required to ascertain 
whether these are causal, subsequent to the 
disease process, reflective of shared risk fac-
tors such as obesity, or chance association. As 
weight loss, a treatment for IIH, suppresses 
proinflammatory cytokine production, whether 
through through dietary/exercise methods [33, 
35], bariatric surgery [28] or liposuction [24], 
current treatments may already represent phar-
macological interventions on inflammatory 
responses in this condition.
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