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Optical coherence tomography measurements
of the optic nerve head and retina in newly
diagnosed idiopathic intracranial hypertension
without loss of vision
Měření terče zrakového nervu a sítnice
pomocí optické koherentní tomografie
u nově diagnostikované idiopatické
intrakraniální hypertenze bez ztráty zraku
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Abstract
Aim: Idiopathic intracranial hypertension (IIH) is characterized by elevated intracranial pressure (ICP),
usually in young, obese women with no circulatory pathology. We investigated the relationship
between optical coherence tomography (OCT) measurements and cerebrospinal ﬂuid (CSF) opening
pressure in newly diagnosed IIH patients who have not been treated yet. Material and methods: The
study included 19 individuals diagnosed with IIH and 22 healthy individuals in the control group. We
measured the retinal nerve ﬁbre layer (RNFL), fovea (F) and ganglion cell complex (GCC) thickness as
well as the optic nerve head parameters in both groups. Results: The mean RNFL and F thicknesses were
signiﬁcantly higher in the patient group compared to the control group (P < 0.01). There was no statistical
diﬀerence in mean GCC thickness between the patient and control groups. When RNFL thickness was
compared by quadrant, the IIH patients had signiﬁcantly higher values in all quadrants. In the patient
group, the parameters that correlated positively with CSF opening pressure were papilloedema grade
(rho = 0.869, P < 0.01), duration of symptoms (rho = 0.458, P = 0.049) and body mass index (rho = 0.653,
P = 0.002). Conclusion: Increased peripapillary RNFL and F thickness measured by OCT is associated
with elevated ICP in newly diagnosed IIH patients. OCT may thus serve as a valuable supplement to the
subjective assessment of papilloedema in patients suspected of having IIH.
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Souhrn
Cíl: Idiopatická intrakraniální hypertenze (IIH) je charakterizována zvýšeným intrakraniálním tlakem
(intracranial pressure; ICP), a to obvykle u mladých obézních žen bez patologie oběhového systému.
Zkoumali jsme vztah mezi měřeními optické koherentní tomografie (optical coherence tomography;
OCT) a otevíracím tlakem mozkomíšního moku (cerebrospinal ﬂuid; CSF) u nově diagnostikovaných
pacientů s IIH, kteří dosud nebyli léčeni. Materiál a metody: Do studie bylo zařazeno 19 osob s diagnózou
IIH a 22 zdravých osob v kontrolní skupině. V obou skupinách jsme měřili tloušťku vrstvy nervových
vláken sítnice (retinal nerve ﬁbre layer; RNFL), fovey (F) a komplexu gangliových buněk (ganglion cell
complex; GCC) a parametry terče zrakového nervu. Výsledky: Průměrné tloušťky RNFL a F byly výrazně
vyšší ve skupině pacientů než v kontrolní skupině (p < 0,01). V průměrné hodnotě tloušťky GCC nebyl
mezi pacienty a kontrolní skupinou žádný statistický rozdíl. Při porovnání tloušťky RNFL podle kvadrantů
měli pacienti s IIH výrazně vyšší hodnoty ve všech kvadrantech. Ve skupině pacientů byly parametry
pozitivně korelujícími s otevíracím tlakem CSF stupeň edému papily (rho = 0,869, p < 0,01), doba trvání
symptomů papily (rho = 0,458, p = 0,049) a index tělesné hmotnosti (rho = 0,653, p = 0,002). Závěr:
Zvýšená tloušťka peripapilární RNFL a F naměřená pomocí OCT je u nově diagnostikovaných pacientů
s IIH spojená se zvýšeným ICP. OCT tak může u pacientů s podezřením na IIH sloužit jako cenný doplněk
při subjektivním hodnocení edému papily.
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Introduction
Idiopathic intracranial hypertension (IIH) is
caused by elevated cerebrospinal ﬂuid (CSF)
pressure of unknown aetiology. The annual
incidence has been estimated in literature
to be at most 3/100,000. IIH mainly aﬀects
young obese females, and in the majority
of cases, it causes papilloedema due to increased intracranial pressure (ICP). Long-term
papilloedema results in optic nerve atrophy,
which may cause permanent vision loss [1].
Swelling of the optic nerve head (ONH) is believed to arise from compression of the retrolaminar optic nerve, which obstructs the axoplasmic ﬂow [2]. Vision loss occurs in 86%
of IIH patients and visual deﬁcits can be severe in 10% of cases [3]. Causes of visual impairment in IIH patients include optic neuropathy, chorioretinal folds, hyperopic shift,
haemorrhages, macular oedema and subretinal neovascularization. Visual loss in IIH may
be reversible if treatment is timely but can be
permanent in up to 40% of patients [4].

Optical coherence tomography (OCT) is
an easy, quick and non-invasive technique
that uses infrared light to obtain in vivo images of the macula and ONH similar to histological resolution. OCT has enabled the detection of abnormalities of the peripapillary
retinal nerve ﬁbre layer (RNFL) in newly diagnosed and chronic IIH. OCT has proved to
be a powerful tool for accurately monitoring of the ONH volume [5,6] and neuro-axonal retinal damage [7–11]. Spectral-domain
OCT (SD-OCT) provides continuous variable
measurements that demonstrate structural
changes in the optic nerve and retina associated with papilloedema and measures the
eﬀects of intracranial hypertension and its
treatment.
This study had two aims: to evaluate
whether OCT can be used to assess the retina and optic nerve in the newly diagnosed
IIH population and to investigate the relationship between changes in CSF pressure
and OCT parameters.

Materials and methods
This prospective observational study was
conducted in consecutive patients with
suspected IIH referred to Alaaddin Keykubat University Education and Research Hospital, Turkey, for lumbar puncture (LP). All
patients were newly diagnosed and had
not previously received medical treatment
for IIH.
The inclusion criteria were age > 18 years,
high CSF opening pressure (≥ 25 cm H2O),
normal MRI and MRI venography, normal CSF composition and cytology, normal neurological examination except for
papilloedema and probable or deﬁnite IIH
with papilloedema according to the modified Dandy criteria [12]. Patients who had
other ocular or neurological diseases or
other medical conditions were excluded
from the study. The controls were healthy
volunteers with no abnormalities in a brief
neuroophthalmologic examination including tonometry, slit-lamp examination and

Fig. 1. Optical coherence tomography output of peripapillary retinal nerve fibre layer thickness measurement of a patient
with idiopathic intracranial hypertension. Circular scan with a 3.4-mm diameter centring optic nerve head can be seen in fundus
image.
Obr. 1. Výsledek měření tloušťky peripapilární vrstvy nervových vláken sítnice pomocí optické koherentní tomografie u pacienta
s idiopatickou intrakraniální hypertenzí. Na snímku očního pozadí je vidět kruhový sken o průměru 3,4 mm se středem v terči zrakového nervu.
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Fig. 2. Retinal map output of a patient with idiopathic intracranial hypertension. The average thickness of the nine regions and topographic map of retinal thickness are shown on the diagrams. Fovea thickness (central 1 mm) was noted.
Obr. 2. Výsledek mapování sítnice u pacienta s idiopatickou intrakraniální hypertenzí. V grafu je znázorněna průměrná tloušťka devíti
oblastí a topografická mapa tloušťky sítnice. Byla zaznamenána tloušťka fovey (centrálně 1 mm).

funduscopy. The study was approved by the
Ethics Committee of the Alaaddin Keykubat
University Faculty of Medicine in Alanya, Turkey. Written informed consent was obtained
from all participants in accordance with the
Declaration of Helsinki.
All subjects underwent a complete ophthalmologic examination including bestcorrected visual acuity (Snellen), colour vision testing (Ishihara’s), visual field analysis
with standard automated perimetry (Octopus 300 series V5.14 [Haag-Streit, Köniz, Switzerland]), Goldmann applanation tonometry, slit-lamp anterior segment examination,
dilated fundus examination with a 90-D lens
and mydriatic optic nerve and macular OCT
imaging with RTVue SD-OCT system (RTVueXR 100 Avanti software v.0.14 [Optovue, Inc.,
Fremont, CA, USA]). The severity of the papilloedema was graded using the Frisen scale. All
ophthalmic examinations and measurements
were performed by the same physician (F. A.).
The macula and ONH were evaluated,
while the RNFL and GCC thicknesses were
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measured separately. The measurements
were repeated three times for each eye
to reduce measurement errors. The RNFL
3.40 protocol was used for peripapillary
RNFL analysis, with the thickness measured
at a diameter of 3.40 mm around the centre
of the optic disc. The results were displayed
on a colour map with customized software,
with normative data adjusted for age and
optic disc size. In the statistical analysis, RNFL
thickness measurements were evaluated in
four quadrants (superior, inferior, nasal, and
temporal) (Fig. 1).
The macular thickness was measured using the retinal map protocol with
a 5 × 5-mm area. Foveal (F) measurements
were also taken (Fig. 2). GCC measurements
consisted of one horizontal line scan 7 mm
in length and 15 vertical line scans 7 mm
in length taken at 0.5- mm intervals in
a 6 × 6-mm area. The GCC thickness was deﬁned as the distance between the inner limiting membrane and the outer border of the
inner plexiform layer (Fig. 3). ONH measure-

ments were performed with 13 concentric
circle ring scans and 12 radial line scans.
An LP was performed at least 24 h after
OCT and the patients were not given medication before. The patients were placed
in the left lateral decubitus position with
their legs fully extended for CSF collection.
All LPs were performed by the same physician (B. Ö.). Opening ICP over 25 cm H2O
was considered elevated. The CSF samples
were evaluated microscopically and biochemically. In all patients, the CSF composition was normal, including cell count and
CSF/serum albumin ratio.

Statistical analysis
Statistical analysis was carried out using
NCSS 11 (NCSS Statistical Software, Kaysville,
UT, USA). Mean, standard deviation, median,
minimum and maximum values were given
for continuous variables. The KolmogorovSmirnov test was performed to test for normal distribution of continuous variables.
An independent sample t-test was used
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Fig. 3. Optical coherence tomography output of ganglion cell complex thickness measurement of a patient with idiopathic intracranial
hypertension.
GCC – ganglion cell complex; NDB – normative database
Obr. 3. Výsledek měření tloušťky komplexu gangliových buněk pomocí optické koherentní tomografie u pacienta s idiopatickou intrakraniální hypertenzí.
GCC – komplex gangliových buněk; NDB – normativní databáze
Tab. 1. Demographics of idiopathic intracranial hypertension patients and controls.
Statistical tests for comparison: t-test for age, MD and BMI, Mann–Whitney rank test
for CSF opening pressure and chi-squared test for gender.

age (years)
BMI (kg/m2)
gender (female/male)
MD (db)

Patients (N = 19)

Control (N = 22)

P value

34.79 ± 7.00
37 – (20–44)

33.14 ± 7.05
34 – (20–45)

0.457

32.89 ± 3.77
21.97 ± 1.60
p < 0.001*
32.40 – (25.20–38.90) 22.00 – (19.00 – 24.60)
19/0

22/0

–4.64 ± 4.02
–3.30 – (–15.84–0.10)

2.21 ± 0.77
2.15 – (0.40–3.50)

grade of papilloedema (Frisen)

3.32 ± 1.00
3 – (2–5)

CSF opening pressure (cm H2O)

31.42 ± 6.70
290 – (25–50)

symptom duration (week)

p < 0.001*

4.26 ± 2.60
3 – (1–11)

*signiﬁcant at P < 0.05
BMI – body mass index; CSF – cerebrospinal ﬂuid; MD – mean deviation; N – number
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for comparisons of continuous independent variables between the two groups. The
Mann–Whitney U test was used to compare two independent groups for variables
that did not conform to the normal distribution assumption. Correlations between
OCT measurements and other variables were
evaluated by nonparametric Spearman’s correlation analysis. Regression analysis was
done to assess the eﬀect of body mass index
(BMI) and CSF opening pressure on F and
RNFL thickness. The linearity test was used to
detect linear relationships between dependent and independent variables. The level of
signiﬁcance was accepted as P < 0.05.

Results
Nineteen newly diagnosed IIH patients were
enrolled in the study. All the patients were
obese (BMI > 25 kg/m2) women with a mean
age of 34.79 ± 7 (20–44) years. Twenty-two
age-matched women who had no signiﬁcant medical or ocular conditions (mean age
33.14 ± 7.05 [20–45]) comprised the control
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Discussion
In our study, the mean of RNFL and F thickness were found to be high in newly diagnosed and untreated IHH patients. Increased
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Tab. 2. Optical coherence tomography measurements in patients with idiopathic intracranial hypertension.
Patients (N = 19)

Control (N = 22)

P value

fovea thickness (μm)

227.32 ± 23.02
226 – (192–268)

201.82 ± 6.07
202 – (187–211)

p < 0.001*

GCC (μm)

106.63 ± 18.85
101 – (92–170)

99.55 ± 4.30
99 – (91–109)

0.149

RNFL (μm)

135.89 ± 16.18
132 – (119–176)

100.23 ± 6.47
99 – (91–112)

p < 0.001*

cup/disc area

0.03 ± 0.06
0.0 – (0.0–0.2)

0.33 ± 0.08
0.31 – (0.21–0.46)

p < 0.001*

cup/disc volume

0.01 ± 0.03
0.00 – (0.00–0.13)

0.29 ± 0.12
0.29 – (0.08–0.58)

p < 0.001*

rim area (mm2)

2.31 ± 0.57
2.28 – (1.18–3.53)

1.36 ± 0.25
1.31 – (1.03–2.1)

p < 0.001*

disc area (mm2)

2.43 ± 0.51
2.41– (1.44–3.53)

2.31 ± 0.13
2.34 – (2.01–2.47)

0.367

*signiﬁcant at P < 0.05
GCC – ganglion cell complex; N – number; RNFL – retinal nerve ﬁbre layer
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group. The demographic characteristics of
the patients are shown in Tab. 1. The anterior
segment ﬁndings and intraocular pressures
were within normal limits in both the cases
and the controls. Colour vision was within
normal limits in all participants.
The mean RNFL and F thicknesses were
signiﬁcantly higher in the patient group compared to the control group (P < 0.01). There
was no statistical difference in mean GCC
thickness between the patient and control
groups. In the comparison of the RNFL values
of the patient and control groups by quadrants, the patient group had higher values in
all quadrants. In addition, there was no signiﬁcant diﬀerence in disc area in the patient
group compared to the control group, but
there was a statistically signiﬁcant diﬀerence
in rim area. The median cup/disc ratio and
cup volume values were higher in the control
group than in the patient group (Tab. 2).
There was a strong positive correlation
between CSF opening pressure and Frisen
score (rho = 0.869, P < 0.001). There were also
moderately positive correlations between
CSF opening pressure and BMI (rho = 0.653,
P = 0.002) and duration of symptoms
(rho = 0.458, P = 0.049). There was a moderately negative relationship between CSF
opening pressure and visual field mean deviation (MD) levels (rho = –0.685, P = 0.001).
Multiple linear regression analysis was
performed to determine which parameters were associated with RNFL and F
thickness and to what degree. CSF opening pressure and BMI showed positive but
non-signiﬁcant associations with OCT parameters. The independent variables of
CSF opening pressure ( = 0.205 t = 0.804)
and BMI ( = 0.341 t = 1.335) were found
to have positive effects on the dependent variable F thickness, at the level of
0.205 and 0.341, resp. The CSF opening pressure ( = 0.478 t = 1.817) and BMI
( = 0.141 t = 0.537) also had a positive relationship with peripapillary RNFL thickness at
the 0.478 and 0.141 levels, resp.
In receiver operating characteristic curve
analysis, the RNFL and F thicknesses were
signiﬁcant parameters in the prediction of
IIH (P < 0.001). Areas under the curve were
1.00 for RNLF and 0.852 for F thickness
(Fig. 4).
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Fig. 4. The receiver operator characteristic curve of the average RNFL and macular
thickness (F; central 1 mm) for discriminating the IIH. At a cut-off of 117.5 μm, average
RNFL can differentiate IIH with 100% sensitivity and 100% specificity. At a cut-off of
209.5 μm, average F thickness can differentiate IIH with 63.1% sensitivity and 95.5%
specificity.
F – fovea; IIH – idiopathic intracranial hypertension; RNFL – retinal nerve ﬁbre layer
Obr. 4. Křivka ROC průměrné tloušťky RNFL a makuly (F; v centru 1 mm) pro rozpoznání
IIH. Při mezní hodnotě 117,5 μm lze podle průměrné RNFL rozlišit IIH se 100% citlivostí
a 100% specifičností. Při mezní hodnotě 209,5 μm lze podle průměrné tloušťky F rozlišit
IIH s 63,1% citlivostí a 95,5% specifičností.
F – fovea; IIH – idiopatická intrakraniální hypertenze; RNFL – vrstva nervových vláken sítnice
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peripapillary retinal thickness measured by
OCT is closely associated with increased
ICP in newly diagnosed IIH patients. Therefore, OCT could be a valuable diagnostic test
in the very subjective assessment of papilloedema in patients suspected of having IIH.
On the other hand, in our study GCC thickness was not found to be statistically different from the control group as previously
reported. Our ﬁndings are consistent with
a previous study carried out on female series with IIH in which the authors reported
increased average RNFL thickness in patients
compared with the controls. Their mean average RNFL thickness (130.16 ± 46.40 μm)
was lower than that in the present study
(135.89 ± 16.18 μm), which may be due to
papilloedema grade (median grade of 2.0 vs.
3.0 in the present study) [13]. The diﬀerence
may also be related to the fact that they performed LP 3–4 days before OCT, unlike in our
study.
Skau et al evaluated diagnostic OCT as
a marker of CSF opening pressure in patients
with IIH. The study comprised 20 newly diagnosed IIH patients, 21 long-term IIH patients and 20 healthy controls. Their results
showed that increased peripapillary retinal
thickness measured by OCT was associated
with elevated ICP in newly diagnosed IIH patients. OCT may therefore serve as a valuable
supplement for subjective papilloedema assessment in patients with IIH. These ﬁndings
suggest that OCT may help to determine
the severity of ICP in addition to facilitating
the diagnosis of papilloedema in the acute
phase. However, for long-term IIH patients
who have previously been treated, OCT appears to be of limited value [14].
In some studies, including mixed groups
of acute and chronic patients, RNFL thickness was reported to be similar to the control group [15]. In accordance with previous
studies in literature, we found a correlation
between CSF opening pressure and Friesen
score, RNFL and F thickness at 1 mm [16–18].
We also found a negative correlation between visual field MD value and CSF opening pressure. We believe that these ﬁndings
in OCT can help clinicians to predict CSF
opening pressure before LP in early IIH. Discrepant results between studies may be related to the heterogeneity of patients and
the timing of LP. In the study performed by
Heckman et al [19], LP was performed before
OCT. Anticipating that OCT ﬁndings may be
altered due to the decrease in CSF pressure
following LP; we also performed LP at least
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24 h after OCT in our study. It is well known
that there may be temporary improvement of IIH symptoms immediately after LP;
a post-LP headache suggests that the puncture can transiently lower CSF pressure. Furthermore, there is evidence that RNFL thickness can decrease after LP [20].
Body mass index and weight gain as
a function over the last year increase the risk
of IIH development. BMI > 40 kg/m2 has been
shown to increase the risk of IIH-induced vision loss [21]. Berdahl et al demonstrated
a linear relationship between BMI and CSF
opening pressure [22]. They showed that
a BMI of 18–39 resulted in a 37.7% increase in
CSF opening pressure. Consistent with their
results, we observed a moderately positive
correlation between CSF opening pressure
and BMI (r = 0.653, P = 0.02). Our regression
analysis revealed that each 1 cm H2O increment in CSF opening pressure increased
mean RNFL and F thickness by 0.478 μm and
0.205 μm, resp.
Labib and Rebolleda reported that every
10 μm increase in mean RNFL thickness corresponded to declines in visual field MD of
0.56 and 0.60 dB, resp. [13,16]. Consistent
with their results, in the present study we
detected a moderate negative correlation
(rho = –0.685, P = 0.001) between CSF opening pressure and visual field MD value.
One strength of our study was that all patients were enrolled when the clinical diagnosis was new, before any therapy was initiated. In order to prevent loss of vision it is
essential to recognize the symptoms and
identify these patients in the early stages.
Furthermore, CSF pressure was measured
during the same hospital stay as the OCT
assessments. This allowed us to analyze the
retinal sequelae of elevated CSF pressure
and papilloedema early in the course of the
disease. The limitations of the present study
are the small population size and unknown
interval from disease onset to study inclusion. As IIH is a relatively infrequent clinical
entity, large numbers of qualified patients
are diﬃcult to recruit at one centre.
The main limitation of OCT is that it analyzes structure rather than function and
therefore, there is approximately a 2-week
lag between optic nerve damage and visible
thinning of the GCC, which can potentially
limit its utility at a patient’s initial presentation [23,24]. The current study showed that
the papilloedema grade correlated signiﬁcantly with the average initial RNFL thickness
but not with the average GCC thickness. We

attributed the lack of a diﬀerence in GCC
thickness between newly diagnosed IIH patients and controls to the fact that none of
our patients exhibited macular oedema or
optic atrophy. We believe that this may be
related to the disease stage.
In conclusion, our study confirms that
OCT is a non-invasive, quantitative method
for detecting papilloedema in IIH patients.
Increased peripapillary retinal thickness
measured by OCT is closely associated with
increased ICP in newly diagnosed IIH patients. Therefore, OCT could be a valuable
diagnostic test in the very subjective assessment of papilloedema in patients suspected
of having IIH.
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