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ABSTRACT

Introduction: This study explored the struc-
tural and microvascular changes in the optic
nerve head (ONH) of patients with intracranial
hypertension (IH) by using swept-source optical
coherence tomography (SS-OCT)/OCT angiog-
raphy (OCTA) and evaluated their association
with clinical features.
Methods: The optic disc morphology, peripap-
illary retinal nerve fiber layer (pRNFL), ganglion
cell–inner plexiform layer (GCIPL), and
microvascular densities of the nerve fiber layer
plexus (NFLP), superficial vascular plexus (SVP),
intermediate capillary plexus (ICP), and deep
capillary plexus (DCP) were measured by the SS-

OCT/OCTA tool. Frisen score, visual acuity, and
intracranial pressure were assessed and recorded
in patients with IH.
Results: Sixty-one patients with IH and 65
controls were included in this study. Patients
with IH showed thicker pRNFL and GCIPL
thickness with larger ONH rim area when
compared to controls (P\ 0.001). Microvascu-
lar densities were increased in NFLP while den-
sities were reduced in SVP, ICP, and DCP when
compared to controls (P\ 0.001). Structural
thickness and microvascular densities were sig-
nificantly correlated with Frisen scores
(P\0.05) and intracranial pressure (P\ 0.05)
in patients with IH.
Conclusion: Structural and microvasculature
variations of the ONH were found in patients
with IH compared to controls. Importantly, we
showed that structural and microvascular
changes in the ONH were correlated with their
Frisen score and intracranial pressure in patients
with IH.
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Key Summary Points

Why carry out this study?

Optic never head (ONH) is the main
ocular site for intracranial hypertension;
however, very little is known about
microvessels in the ONH and their clinical
manifestations.

Could the microvessels in the ONH reflect
the clinical manifestations such as
intracranial pressure and severity of
papilledema?

What was learned from the study?

When compared to controls, patients with
intracranial hypertension (IH) had
structural and microvascular vascular
abnormalities; these changes in IH
correlated with their intracranial pressure
and the severity of papilledema.

Imaging the optic nerve may be a
potential tool for monitoring the
structural and microvascular changes in
patients with IH.

INTRODUCTION

Intracranial hypertension (IH) is a clinical dis-
order characterized by signs and symptoms of
increased intracranial pressure. Clinical features
including papilledema and visual loss and/or
impairment strongly indicate that increased
intracranial pressure affects the optic nerve
head (ONH), an observation that has been
supported by numerous studies [1, 2]. The long-
term consequence of papilledema can lead to
optic nerve atrophy [3, 4], ultimately resulting
in poor quality of life [5].

A sensitive and reliable method for moni-
toring papilledema development as a result of
increased intracranial pressure is lacking, even
though the severity of papilledema and vision
loss constitutes a foundation for therapeutic

interventions. It has been emphasized that
more sensitive methods are needed for moni-
toring the ONH changes in IH and their
response to treatment, as well as their long-term
visual outcome [6].

Optical coherence tomography (OCT) is
suggested as a reliable technique for in vivo
visualization of the macula and ONH. Longer
wavelengths and faster imaging speed enable
swept-source OCT (SS-OCT), which can simul-
taneously image the ONH and microvasculature
with OCT angiography (OCTA), to give retinal
imaging with an increasing depth of detail.

There is little information available about
ONH changes in IH utilizing SS-OCT. Using the
spectral domain OCT (SD-OCT), previous
reports [7–9] evaluated the morphological
changes around the ONH in patients with IH
compared to controls. With the longer wave-
length, SS-OCT/OCTA would provide a more
accurate tissue profile and information about
the microvasculature around the ONH in
patients with IH. The current study aimed to
assess the structural and microvascular changes
in the ONH of patients with IH and evaluate
their association with clinical features using the
SS-OCT/OCTA.

METHODS

Study Population

Patients with IH were enrolled from April 2021
to March 2023 in the Neurology Department of
West China Hospital. IH diagnoses were made
following international diagnostic standards
[10] which revealed an elevated intracranial
pressure greater than 250 mmH2O confirmed by
lumbar puncture. The exclusion criteria were (1)
the presence of other cerebral vascular diseases
(e.g., arteriovenous malformation, aneurysm,
and major artery stenosis or occlusion); (2) the
presence of intracranial infections, including
meningitis caused by bacteria, fungus, and
virus; (3) presence of other neurological diseases
(e.g., brain tumor, hydrocephalus, degeneration
diseases); (4) uncontrolled hypertension and
diabetes mellitus which have well-established
pathogenesis that can affect the retinal
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structural integrity; (5) medical ailment requir-
ing concomitant corticosteroids or immuno-
suppressant therapy. Controls were individuals
who attended our hospital for an annual
checkup and had no history of any neurological
or ophthalmological diseases.

The Ethics Committee of West China
Hospital, Sichuan University, China (No. 2020
[922]) approved the study and followed the
tenets of the Declaration of Helsinki. Each par-
ticipant provided written informed consent
before enrolling in our study.

Intracranial Pressure, Frisen Score,
and Visual Acuity Assessment

An open pressure reading was taken at the L3–4
intervertebral space, left lateral position, after
the fluctuating liquid levels in the manometer
were stabilized.

A Frisen score was used to clinically grade
each eye from 0 (normal) to 5 (severe papille-
dema) using the modified Frisen scale [11]. A
single rater blinded to the clinical information
and OCT/OCTA data assessed the Frisen score
by fundus imaging of each participant. A second
rater evaluated a random sample of 30 patients
(60 eyes) to assess inter-rater agreement (kappa
0.91, P\ 0.001).

The visual acuity (VA) of each eye of our
participants was examined using the Snellen
chart and later converted to a logarithm of the
minimum angle of resolution (logMAR).

Fundus photography was performed on all
participants to evaluate the ONH and fundus of
all participants. Participants with abnormalities
such as hemorrhages, microaneurysms, and
hard exudates were excluded from our study.
Two ophthalmologists (Guina Liu and Ruilin
Wang) examined all images. Patients with IH
also underwent intraocular pressure (IOP)
examination. Patients with IOP[ 21 mmHg or
a previous diagnosis of glaucoma were excluded
from our study.

Optic Nerve Head Imaging

The SS-OCT/OCTA tool (VG200S; SVision
Imaging, Henan, China; version 2.1.016)

contained a swept source laser with a central
wavelength of 1050 nm and a scan rate of
200,000 A-scans per second. The tool is inte-
grated with an eye tracker to compensate for the
artifacts caused by blinking. The SS-OCT ONH
scan covers an area of 6 9 6 mm focused on the
optic disc. Ganglion cell and inner plexiform
layer (GCIPL) was automatically segmented. In
the ONH Angio mode, GCIPL, peripapillary
retinal nerve fiber layer (pRNFL), and ONH rim
data were obtained from the OCT tool. The
GCIPL was the mean thickness of these layers in
a 4.0-mm circle around the ONH. ONH rim was
automatically evaluated by the OCT tool. ONH
rim area was defined as the disc area minus the
cup area. Automated placement of a circle with
a diameter of 3.4 mm, centered on the disc, was
used to measure the mean pRNFL as shown in
Fig. 1. Manual adjustment of circle placement
was performed if necessary.

ONH angiography imaging was conducted
using 6 9 6 mm scans. En face angiograms of
the nerve fiber layer plexus (NFLP), superficial
vascular plexus (SVP), intermediate capillary
plexus (ICP), and deep capillary plexus (DCP)
were generated by the OCTA tool. NFLP was
defined as the microvasculature found 5 lm
below the inner limiting membrane (ILM) bor-
der to the nerve fiber layer (NFL) and ganglion
cell layer (GCL) border. The SVP was defined as
the microvasculature between the NFL/GCL
border and the junction between the inner
plexiform layer (IPL) and inner nuclear layer
(INL); ICP was defined as the microvasculature
between the IPL/INL border and the junction
between INL and outer plexiform layer (OPL);
DCP was defined as the microvasculature
between the INL/OPL border and 25 lm below
it as shown in Fig. 1. Average microvascular
density was used to evaluate the ONH
microvasculature which was generated by the
OCTA tool. OCT/OCTA images with oph-
thalmic disorders such as age-macular degener-
ation, severe cataracts, optic neuritis, diabetic
retinopathy, and optic neuritis were excluded.
Individuals with low signal quality (SQ) on
OCT/OCTA images (SQ\6) were excluded
from the study. The OSCAR-IB quality criteria
[12] and APOSTEL recommendation [13] were
followed in OCT/OCTA data.
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Statistical Analysis

Continuous variables with a normal distribu-
tion were expressed as mean ± standard devia-
tion (SD) or expressed as the median and
interquartile range (IQR) for skewed distribu-
tions; categorical variables were presented as
frequencies and percentages. A comparison of
demographic and clinical characteristics
between patients with IH and controls was
performed using the Fisher exact test for cate-
gorical variables and a t test for continuous
variables. The differences in OCT/OCTA
parameters between patients with IH and con-
trols were performed by generalized estimating
equations (GEE). GEE were also used to evaluate
the correlations between OCT/OCTA data and
clinical information. Covariates for GEE were
set as age and gender while the correlation
matrix in GEE was set as exchangeable. The
added variable plot was used to show the partial
correlation between clinical manifestations and
OCT/OCTA parameters. The X-axis and Y-axis
of added variable plots were the residuals of the
dependent variable and the independent vari-
able when both of these variables were regressed
on the covariates (risk factors). P values less
than 0.05 were considered statistically signifi-
cant. All statistical analysis and plotting were
conducted using R 4.2.3.

RESULTS

A total of 121 eyes from 61 patients with IH (28
male, 33 female; mean age 34.51 years) and 130
eyes from 65 controls (23 male, 42 female; mean
age 40.52 years) were included in our final
analysis. Out of 121 eyes from patients with IH,
69 eyes had no or mild papilledema while 52
eyes had moderate or severe papilledema. The
median Frisen score of patients with IH was 2
(IQR 1–4). The mean intracranial pressure was
291 mmH2O in patients with IH. Table 1 shows
the demographics and clinical information of
our study participants.

Comparison of OCT/OCTA Parameters
Between Patients with IH and Controls

Figure 2 shows the differences in OCT/OCTA
parameters between IH and controls. pRNFL
and GCIPL structures of patients with IH were
thicker when compared with controls
(P\0.001). Microvascular densities in SVP, ICP,
and DCP of patients with IH were reduced
(P\0.001) while NFLP was increased signifi-
cantly (P\ 0.001) when compared with con-
trols. Compared with controls, the ONH rim
area was increased significantly (P\ 0.001).

We stratified patients with IH into two
groups (no/mild papilledema, Frisen score 0–2;
moderate/severe papilledema, Frisen score 3–5)
according to their Frisen scores. The ONH
structure of eyes in the no/mild papilledema
group was thinner than that in the moder-
ate/severe group (P\0.001, Supplementary
Fig. 1). Microvascular densities were decreased
in SVP, ICP, and DCP while NFLP was increased
in the moderate/severe papilledema group
(P\0.001, Supplementary Fig. 1).

Association Between OCT/OCTA
Parameters and Clinical Data

Structural thicknesses, ONH rim area, and
microvascular densities showed a significant
correlation with Frisen scores and intracranial
pressure (P\0.05, Figs. 3 and 4). No association
was found between OCT/OCTA measures of

bFig. 1 Flowchart of inclusion and exclusion criteria of
participants and segmentation of OCT/OCTA images.
a Flowchart of inclusion and exclusion criteria of partic-
ipants. b Segmentation of structure thickness and ONH
angiography imaging were performed in an area of
6 9 6 mm focused on the optic disc. The ONH rim area
and mean peripapillary retinal nerve fiber layer (pRNFL)
were then measured by automated placement of a circle
3.4 mm in diameter. Ganglion cell and inner plexiform
layer (GCIPL) was automatically segmented by the OCT
tool. En face angiograms of the nerve fiber layer plexus
(NFLP), superficial vascular plexus (SVP), intermediate
capillary plexus (ICP), and deep capillary plexus (DCP)
were generated by the OCTA tool
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ONH in patients with IH and visual acuity
(P[0.05, data not shown).

DISCUSSION

The present study assessed the ONH structural
and microvascular changes in patients with IH
compared to controls. While comparable anal-
yses of the structural alterations in the optic disc
have been carried out, to the best of our
knowledge, we provided the first study to focus
on the ONH microvascular changes in patients
with IH compared to controls. We showed that
patients with IH had thicker ONH structures
and larger ONH rim areas compared to controls.
Besides, patients with IH had increased NFLP
density and reduced SVP, ICP, and DCP densi-
ties in the ONH when compared to controls.

Importantly we showed that thicker ONH
structures and decreased microvascular densi-
ties in the ONH were associated with their
intracranial pressure and Frisen score, high-
lighting the potential clinical relevance of these
parameters.

Previous reports [7, 14, 15] using SD-OCT
have shown the morphometric changes in and
around the ONH and therefore our approach is
not entirely new. Previous reports [7, 16]
showed that patients with IH had larger ONH
volumes compared to controls. SD-OCT uses a
low-coherence light source and produces an
interference spectrum by spectral splitting,
while SS-OCT uses a broadband swept source
whose wavelength varies over time [17]. With a
longer wavelength and higher speed, the SS-
OCT is a more recent advancement of the SD-
OCT that allows for better and more detailed

Table 1 Characteristics of participants

IH Controls P value

Participants, n 61 65 –

Eyes, n 121 130 –

Age, years 34.51 ± 11.85 40.52 ± 12.38 0.007*

Gender, male, n (%) 28 (45.9) 23 (35.38) 0.308

Frisen score 2 (1–4) 0 \ 0.001*

VA (logMAR) 0.65 ± 0.34 0.98 ± 0.14 \ 0.001*

Intracranial pressure (mmH2O) 291.15 ± 67.86 – –

Hypertension, n (%) 9 (14.75) 7 (10.94) 0.711

Dyslipidemia, n (%) 9 (14.75) 4 (6.25) 0.206

Diabetes, n (%) 4 (6.56) 2 (3.08) 0.429

Smokers, n (%) 16 (26.23) 6 (9.23) 0.025*

Papilledema

Mild (Frisen score 1), n 37 – –

Moderate (Frisen 2–3), n 30 – –

Severe (Frisen 4–5), n 44 – –

Patients with unilateral papilledema 2 – –

Patients with bilateral papilledema 55 – –

VA visual acuity, logMAR logarithm of the minimum angle of resolution
*P\ 0.05
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Fig. 2 Comparison of OCT/OCTA parameters between
patients with IH and controls. Patients with IH showed
increased OCT thickness and increased NFLP density
compared to controls. SVP, ICP, and DCP densities were

reduced in patients with IH compared to controls.
*P\ 0.05. IH intracranial hypertension

Fig. 3 Correlation between OCT/OCTA parameters and
Frisen score in patients with IH. pRNFL, GCIPL, ONH
rim area, and NFLP positively correlated with Frisen scores
of patients with IH. SVP, ICP, and DCP densities

inversely correlated with Frisen scores of patients with IH.
*P\ 0.05
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visualization of deeper microvasculature
[18, 19]. Therefore, at deeper scanning depths,
the SS-OCT is more sensitive and has a lower
signal-to-noise ratio compared to the SD-OCT.
Using SS-OCT we showed that patients with IH
had thicker pRNFL and GCIPL thicknesses when
compared to controls. We also showed that
ONH rim area was larger in patients with IH
compared to controls. We suggest that the
thickening of the ONH structural parameters
may be due to the increased intracranial pres-
sure which may be transmitted to the expand-
able leptomeningeal sheath surrounding the
optic nerve via passage of the excess cere-
brospinal fluid into the tiny rim of the sub-
arachnoid space between the sheath and the
nerve as previously reported [20]. Taken toge-
ther, since these structural parameters of the
ONH were reflections of their neuroaxonal
integrity, thicker pRNFL and GCIPL thicknesses,
and ONH rim area may reflect swelling of the
neuroaxons due to increased intracranial
pressure.

By compressing the microvasculature due to
swollen axons and extracellular fluid buildup as

a result of edema, IH is thought to increase the
risk of ischemia and decrease blood flow. This
increases vascular resistance, venous conges-
tion, and stasis, which in turn increases venous
pressure and decreases perfusion pressure
[21, 22]. This makes the ONH susceptible to
ischemia in IH. Using SS-OCTA we showed that
patients with IH had increased NFLP microvas-
cular density and reduced SVP, ICP, and DCP
densities when compared to controls. The NFLP
contains capillaries, arterioles, and venules that
reside in the NFL which extends beyond the
peripapillary region [23]; it perfuses the NFL and
forms a microvascular network in the peripap-
illary region making it sensitive to ischemic
changes. The increased NFLP density seen in IH
may be due to compression of capillaries,
extracellular fluid accumulation in edema, and
venous congestion. The SVP, ICP, and DCP are
found beneath the NFLP; thus, reduced
microvascular densities in these plexuses may
be due to reduced blood flow from the NFLP to
these microvascular plexuses.

We further divided the IH group according
to their Frisen scores using the modified Frisen

Fig. 4 Correlation between OCT/OCTA parameters and
intracranial pressure in patients with IH. pRNFL, GCIPL,
ONH rim area, and NFLP positively correlated with
intracranial pressure of patients with IH. SVP, ICP, and

DCP densities inversely correlated with intracranial pres-
sure of patients with IH. *P\ 0.05

3302 Ophthalmol Ther (2023) 12:3295–3305



scale. We found that patients with moder-
ate/severe papilledema IH had increased NLFP
density, reduced SVP, ICP, and DCP density,
and thicker ONH structural thicknesses com-
pared to patients with no/mild papilledema IH.
Clinical hallmarks of elevated intracranial
pressure that affect the ONH include papille-
dema, the absence of spontaneous retinal
venous pulsations, and peripapillary retinal
vein engorgement [22]. We suggest that the
severity of papilledema affects the ONH
microvasculature and structure.

The main clinical method for evaluating
papilledema in patients with IH is the Frisen
score. It is proposed that in patients with newly
diagnosed IH, assessments of papilledema uti-
lizing more modern technologies, such as fun-
dus photography and OCT, are associated with
Frisen scores [11, 24]. Even though OCT/OCTA
was used in clinical practice to evaluate struc-
tural and microvascular changes in ONH, we
showed that Frisen score correlated with struc-
tural and microvascular changes in and around
the ONH in patients with IH. Our findings
suggest that imaging with the OCT/OCTA tool
can be useful in the assessment of papilledema
by confirming or complementing a clinician’s
examination in patients with IH.

Previous reports [7, 25] showed a weak cor-
relation between global ONH volume and
intracranial pressure in patients with IH. We
showed a strong correlation between intracra-
nial pressure and structural and microvascular
changes of ONH in patients with IH. Thus, it is
plausible to suggest that OCT/OCTA measures
may be sensitive indicators of increased
intracranial pressure in patients with IH.

Structure–function correlations are impor-
tant, in that moving from visual acuity exami-
nations to objective clinical tools, such as OCT/
OCTA, would be advantageous for patients and
clinicians. Macular structural measurements are
accurate and reliable indicators of visual acuity
changes [26, 27]. Besides, previous reports
[28–31] showed that structural macular thick-
ness changes in patients with IH correlated with
reduced visual acuity. However, our current
study did not find an association between OCT/
OCTA measures of ONH in patients with IH and
their visual acuity. This may suggest that the

structural and microvascular changes in and
around the ONH of patients with IH may not be
linked with visual acuity.

We would like to acknowledge some limita-
tions. Firstly, assessment of the intracranial
pressure was not done in our controls and thus
changes seen in our patients with IH may not be
predominantly from increased intracranial
pressure as speculated. Future studies may be
needed to evaluate how changes in the
intracranial pressure may affect OCT/OCTA
metrics. Additionally, the relatively small sam-
ple size and the cross-sectional design of our
study limit the interpretation of the cause and
effect of the results shown in our report. Lon-
gitudinal studies with larger sample sizes are
needed to validate our findings. Moreover, par-
ticipants with ocular comorbidities and inabil-
ity to undergo OCT/OCTA imaging were
excluded which might introduce selection bias.
The strengths of this study include an assess-
ment of the structural and microvascular
parameters in ONH of patients with IH and a
cohort spanning varying degrees of
papilledema.

CONCLUSION

The ONH structure and microvasculature were
significantly different in patients with IH com-
pared to controls. Importantly, we showed that
structural and microvascular changes in the
ONH were correlated with their Frisen score and
intracranial pressure in patients with IH.
Patients with IH may benefit from monitoring
ONH structural and microvascular changes with
the OCT/OCTA tool.
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