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IMPORTANCE There is an unmet need for noninvasive biomarkers of intracranial pressure
(ICP), which manifests as papilledema that can be quantified by optical coherence
tomography (OCT) imaging.

OBJECTIVE To determine whether OCT of the optic nerve head in papilledema could act as a
surrogate measure of ICP.

DESIGN, SETTING, AND PARTICIPANTS This longitudinal cohort study used data collected from
3 randomized clinical trials that were conducted between April 1, 2014, and August 1, 2019.
Participants who were female and had active idiopathic intracranial hypertension were
enrolled from 5 National Health Service hospitals in the UK. Automated perimetry and OCT
imaging was followed immediately by ICP measurement on the same day. Cohort 1 used
continuous sitting telemetric ICP monitoring (Raumedic Neurovent P-tel device) on 1 visit.
Cohort 2 was evaluated at baseline and after 3, 12, and 24 months and underwent lumbar
puncture assessment of ICP.

MAIN OUTCOMES AND MEASURES Optical coherence tomography measures of the optic nerve
head and macula were correlated with ICP levels, Frisén grading, and perimetric mean
deviation. The OCT protocol included peripapillary retinal nerve fiber layer, optic nerve head,
and macular volume scans (Spectralis [Heidelberg Engineering]). All scans were validated for
quality and resegmented manually when required.

RESULTS A total of 104 women were recruited. Among cohort 1 (n = 15; mean [SD] age, 28.2
[9.4] years), the range of OCT protocols were evaluated, and optic nerve head central
thickness was found to be most closely associated with ICP (right eye: r = 0.60; P = .02; left
eye: r = 0.73; P = .002). Subsequently, findings from cohort 2 (n = 89; mean [SD] age, 31.8
[7.5] years) confirmed the correlation between central thickness and ICP longitudinally (12
and 24 months). Finally, bootstrap surrogacy analysis noted a positive association between
central thickness and change in ICP at all points (eg, at 12 months, an decrease in central
thickness of 50 μm was associated with a decrease in ICP of 5 cm H2O).

CONCLUSIONS AND RELEVANCE In this study, optic nerve head volume measures on OCT
(particularly central thickness) reproducibly correlated with ICP and surrogacy analysis
demonstrated its ability to inform ICP changes. These data suggest that OCT has the utility to
not only monitor papilledema but also noninvasively prognosticate ICP levels in idiopathic
intracranial hypertension.
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L umbar puncture (LP) is the most common way cur-
rently used to measure intracranial pressure (ICP). There
are considerable drawbacks in this invasive assess-

ment, including complications1,2 and a negative patient
experience.3 Telemetric ICP devices provide more accurate and
comprehensive assessments of ICP and are increasing our un-
derstanding of cerebrospinal fluid dynamics, but these re-
quire formal placement.4 Determining a noninvasive mea-
sure of ICP would be a key step forward in patient management
of many conditions, such as traumatic brain injury and space-
flight associated neuro-ocular syndrome, among other seri-
ous intracranial conditions, where the gold standard for ICP
measurement is an external ventricular drain with known
complications.4,5

On the surface, optical coherence tomography (OCT)
imaging of the optic nerve head appears to be a valuable clini-
cal tool used globally in ophthalmology clinics for the longi-
tudinal monitoring of papilledema in conditions such as idio-
pathic intracranial hypertension (IIH)6 and spaceflight
associated neuro-ocular syndrome.7 Optical coherence tomog-
raphy measures correlate with the severity of papilledema, as
assessed by experts8 using Frisén papilledema grading.9 How-
ever, there appears to be a more complicated association be-
tween OCT parameters, papilledema grade, and measured
ICP.10-13 Most investigators have used custom-made algo-
rithms to demonstrate features in OCT imaging that may re-
flect ICP, and although these pave the way for development
of proprietary software, they currently are limited in the gen-
eralizability of their findings to the real-world setting.12,13 Op-
tical coherence tomography measures of the peripapillary reti-
nal structure have previously been correlated with invasively
measured ICP in a pediatric cohort at the time of
neurosurgery.14 The aim of this study was to determine a sur-
rogate measure of ICP by using OCT imaging with standard
analysis software, so the results could be readily transferable
into routine clinical practice.

Methods
Study Population
Women with IIH aged 18 to 45 years were recruited from the
following institutions: Queen Elizabeth Hospital, University
Hospital Birmingham National Health Service (NHS) Founda-
tion Trust, Birmingham, UK; The Walton Centre, Liverpool, UK;
and Manchester Royal Eye Hospital, Manchester University
NHS Foundation Trust, Manchester, UK; Queen Elizabeth Hos-
pital, Glasgow, UK; and the Royal Devon and Exeter NHS Foun-
dation Trust, Exeter, UK. Patients were reimbursed for travel
and childcare costs. Patients with IIH were diagnosed accord-
ing to the internationally accepted diagnostic criteria15 and in-
cluded only if they had active disease with ongoing papill-
edema (Frisén grade ≥1) in at least 1 eye, and cerebrospinal fluid
pressure greater than 25 cm H2O at enrollment (eFigure 1 in
the Supplement). Those with an alternate ocular diagnosis of
visual acuity loss were excluded. Automated perimetry (Swed-
ish Interactive Threshold Algorithm standard 24-2 strategy,
Humphrey Visual Field Analyzer [Carl Zeiss Meditec]) was per-

formed on the same day as the OCT scan protocol, prior to ICP
measurement.

Standard Protocol Approvals and Patient Consent
Written informed consent was obtained from each partici-
pant as a condition of their inclusion in the original random-
ized clinical trial. The research was approved by the National
Research Ethics Committee (West Midlands–The Black Coun-
try and the York and Humber/Leeds West). This study fol-
lowed the tenets of the Declaration of Helsinki.

Evaluations
Cohort 1
Patients with IIH were recruited into an interventional trial that
required a Raumedic Neurovent P-tel device (Raumedic AG)
implanted under general anesthesia as part of the research pro-
tocol, for recording over a 12-week period. No immediate com-
plications were noted. Prior to enrollment, participants were
required to have papilledema; this was graded by a neuro-
ophthalmologist through a dilated fundus slitlamp examina-
tion. Assessments of ICP were captured 1 week after teleme-
ter placement. For each ICP measurement (in the standing,
sitting, and supine positions), ICP was allowed to settle and was
measured for 5 minutes at 1 Hz. The mean ICP was then cal-
culated over this period. Patients were also requested to have
a period of prolonged home ICP monitoring initiated on wak-
ing and continuing for up to 24 hours (reflecting ICP during the
activities of normal daily living). Data were evaluated in those
with prolonged monitoring for longer than 5 hours, and the
mean ICP was calculated. This cohort was part of a broader trial
(isrctn.org Identifier: ISRCTN12678718), but only baseline pre-
intervention data were used for this study.16

Cohort 2
Participants in cohort 2 were drawn from 2 intervention trials
conducted over the same period, with analogous recruitment
criteria and schedules of events (including the OCT imaging
protocol).17-19 Patients with IIH in cohort 2 had ICP assessed
by ultrasonography-guided LP on the same day, after auto-
mated perimetry and OCT scanning. This cohort also had color
fundal photographs (Topcon) obtained at each study visit. Pho-
tographs were evaluated by 3 neuro-ophthalmic specialists

Key Points
Question Do results of optical coherence tomography of
papilledema correlate with intracranial pressure levels in idiopathic
intracranial hypertension?

Findings This 2-stage analysis of 104 participants’ optic nerve
head volume measures of central thickness, central volume,
maximum height (any point), and maximum height (central slice)
all correlated with intracranial pressure measured either by
telemetry or lumbar puncture. Macular ganglion cell layer volume
also correlated with visual field mean deviation at 12 months.

Meaning Optical coherence tomography imaging has the
potential to be a noninvasive measure of intracranial pressure;
central thickness values were associated with change in
intracranial pressure at 12 and 24 months.
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(S.P.M. and 2 nonauthors) to determine Frisén grading.9 Where
there was disagreement in the grading, all 3 reviewed the pho-
tographs together and provided a final consensus grading. Pa-
tients were followed up at 3, 12, and 24 months. Data for both
cohorts were collected between April 1, 2014, and August 1,
2019.

OCT
The OCT methodology and results are reported in line with the
Advised Protocol for OCT Study Terminology and Elements
(APOSTEL) reporting recommendations.20 All OCT imaging was
performed using a Spectralis OCT system (Heidelberg Engi-
neering). Exclusion criteria included ophthalmologic and sys-
temic diseases with the potential to influence retinal morphol-
ogy, as defined by the obvious problems (including violation
of the protocol), poor signal strength (defined as <15 dB), wrong
centration of scan, algorithm failure, retinal pathology other
than multiple sclerosis, illumination, and beam placement (OS-
CAR-IB) criteria, applied at the eye level.21,22 Mean retinal nerve
fiber layer (RNFL) thickness was calculated along the circum-
ference of a circle with a diameter of 3.45 mm that was cen-
tered on the optic disc (eMethods 1 and eFigure 2 in the Supple-
ment). To enable the results to be clinic ready, all data points
evaluated reflected those generated by the proprietary soft-
ware. No bespoke scanning-analysis programs were applied.

Statistical Analysis
Descriptive statistics were used to compare demographic char-
acteristics. Statistical analysis was performed using Graph-
Pad, version 8.3 (GraphPad Software). Means and SDs are pro-
vided for normally distributed variables, and medians and
ranges are provided for nonnormally distributed variables.
Pearson correlation coefficients were computed when the vari-
ables were normally distributed and all assumptions were met,
with Spearman rank correlation used in other cases. Values
were deemed statistically significant at P < .05. Missing data,
attributable to any absence of the complete scanning proto-
col (for example, cases in which some of the OCT data were
captured and then a patient did not tolerate the prolonged scan-
ning) were excluded from the analysis.

In cohort 1, initial exploratory analysis involved evaluat-
ing a priori hypothesized associations between OCT mea-
sures and ICP; these were assessed using scatterplots and cal-

culating correlation coefficients. No corrections were made for
multiple comparisons, because this initial exploratory analy-
sis sought to identify trends in the data between ICP and OCT
that would then be further evaluated in cohort 2.

In cohort 2, the leading OCT parameter from cohort 1, with
the optimal correlation to ICP, was evaluated over a time ho-
rizon of follow-up visits (at 3, 12, and 24 months). At each point,
the correlation between ICP and the OCT parameter was evalu-
ated for each eye. The association between the OCT param-
eters (leading OCT parameter associated with ICP; the OCT gan-
glion cell layer [GCL] global volume) and the visual field mean
deviation (MD) was also assessed through calculating corre-
lation coefficients over the time horizons. Assessment by sur-
rogacy methods is shown in eMethods 2 in the Supplement.

Results
A total of 104 patients with IIH, all female, were included (co-
hort 1: n = 15; mean [SD] age, 28.2 [9.4] years; cohort 2: n = 89;
mean [SD] age, 31.8 [7.5] years) (Table 1). At baseline, cohort 1
had more severe optic disc swelling at baseline. This was re-
flected in a mean RNFL thickness (both eyes) of 157 (range, 70-
337) μm in cohort 1, compared with 133 (range, 48-364) μm in
cohort 2 (Table 1). Baseline median visual field MD (both eyes)
was −0.89 (range, −5.66 to 4.47) dB in cohort 1 and −2.0 (range,
−24.76 to 6.9) dB in cohort 2. Mean (SD) ICP in cohort 1 while
supine was 22.0 (4.9) mm Hg, equivalent to 29.9 (6.7) cm H2O.
In cohort 2, the mean (SD) ICP as measured by LP opening pres-
sure was 34.2 (5.6) cm H2O.

Overall, 1211 of 1386 scans were included in the analysis.
A total of 139 scans were missing (at any point), and following
quality control assessment of the OCT images, a further 36
scans were excluded. Therefore, 12.6% of all OCT scan im-
ages were either classified as excluded or missing (eTable 1 in
the Supplement).

Initially, the association between papilledema severity, ac-
cording to Frisén grading, to the OCT parameters (Figure 1A
and Figure 1B) and MD were analyzed. A strong correlation be-
tween Frisén grading and both the RNFL (r = 0.4655; P < .001)
and optical nerve head central thickness (ONH CT) (r = 0.5728;
P < .001) was noted. Frisén grading was also associated with

Table 1. Baseline Characteristics

Characteristic

Mean (SD)

All
Cohort 1 (telemetric
intracranial pressure)

Cohort 2 (lumbar
puncture)

Total, No. 104 15 89

Age, y 31.3 (7.9) 28.2 (9.4) 31.8 (7.5)

BMI 42.1 (9.2) 38.1 (6.2) 42.7 (9.5)

Mean deviation, median (range), dB −1.88 (−24.76 to
6.9)

−0.89 (−5.66 to
4.47)

−2.0 (−24.76 to 6.9)

Intracranial pressure, cm H2O 33.6 (4.9)a 29.9 (6.7)a 34.2 (5.6)

Peripapillary retinal nerve fiber layer thickness
thickness, μm

137 (57) 166 (80) 133 (53)

Optic nerve head central thickness, μm 650 (196) 731 (144) 634 (203)

Macular ganglion cell layer global volume, mm3 1.1 (0.1) 1.09 (0.1) 1.1 (0.1)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared).
a Intracranial pressure measurements

have been made comparable by
converting the cohort value of 1 mm
Hg in the supine position to cm H2O.
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the visual field MD (r = −0.2722; P = .003) but not with ICP at
baseline.

Measurements of Telemetric ICP
Initially, cohort 1 was evaluated using highly accurate tele-
metric ICP measurements. All patients had ICP measure-
ments evaluated in the sitting, standing, and supine posi-
tions. Prolonged ICP monitoring was available in 8 of 15
participants (53%) during activities of daily living (mean du-
ration of prolonged ICP recording, 13.6 [range, 5-21] hours). Pro-
longed ICP monitoring values were akin to ICP measures in the
sitting and standing positions but 2-fold lower than supine ICP
(prolonged, mean [SD], 11.8 [2.6] mm Hg; sitting, mean [SD],
8.9 [5.5] mm Hg; supine, mean [SD], 22.0 [3.1] mm Hg; stand-
ing, mean [SD], 8.7 [3.2] mm Hg) (eFigure 3 in the Supple-
ment). Sitting mean (SD) ICP values were therefore chosen, be-
cause not only are OCT scans acquired in the sitting position,
but as was shown here, they were representative of pro-
longed mean ICP (eFigure 3 in the Supplement).

Association of OCT Measurements to ICP
Of all the OCT scan proprietary measures collated from the 3
protocols obtained (RNFL, ONH, and macula volume) (eFig-
ure 2 in the Supplement), there was no correlation of RNFL,
any of the macula volume components, and most ONH vol-
ume individual components with ICP in cohort 1. Within the
measures of the ONH volume (maximum height central [MHC],
maximum height anywhere [MH], central thickness [CT], and
central volume [CV]), all correlated with ICP (right eye: MH,
r = 0.5221; P = .046; MHC, r = 0.5600; P = .03; CV, r = 0.6059;

P = .02; CT, r = 0.6034; P = .017; left eye: MH, r = 0.6970;
P = .004; MHC, r = 0.6693; P = .006; CV, r = 0.7267; P = .002;
CT, r = 0.7275; P = .002) (Figure 1C and Figure 1D and eTable 2
in the Supplement).

The ONH CT was chosen pragmatically to evaluate the as-
sociation with ICP in cohort 2 (a larger cohort with ICP mea-
sured using LP), because it was a whole integer. Intracranial
pressure correlated with ONH CT with increasing strength
across disease duration (baseline: right eye: r = 0.21; P = .08;
left eye, r = 0.28; P = .02; 12 months: right eye: r = 0.28; P = .05;
left eye, r = 0.36; P = .01; 24 months: right eye, r = 0.46; P = .01;
left eye, r = 0.46; P = .01) (eFigure 4 and eTable 3 in the Supple-
ment). There was an inconsistent and nonsignificant associa-
tion between RNFL and ICP (eTable 3 in the Supplement).

Surrogacy of OCT Measures With ICP
Surrogacy analysis identified a positive association between
ICP and ONH CT at 3, 12, and 24 months, with a larger change
in intracranial pressure for CT coinciding with a larger change
in intracranial pressure for ICP (Figure 2A). The surrogacy
analysis data points (Figure 2) represent trial outcomes, each
as likely as any other. Thus, the location and dispersion of the
points provides evidence on the coincident nature of the
change in ICP. Thus, surrogacy was observed at all points (3,
12 and 24 months). Using the surrogacy analysis plots, changes
in ICP can be estimated from changes in ONH CT (Table 2); for
example, at 12 months’ follow-up, the change in ONH CT of 50
μm is associated with a change in ICP of 5 cm H2O in (Table 2),
and at 24 months, a change of 50 μm is associated with an ICP

Figure 1. Distribution of Retinal Nerve Fiber Layer (RNFL) and Optical Nerve Head Central Thickness (ONH CT)
Values per Frisén Grade and Correlation of Telemetric Intracranial Pressure (ICP) With RNFL and ONH CT
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documented numerically for each
Frisén grade. C and D, Scatter plots of
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is significantly correlated with ICP (B,
right eye: r = 0.60; P = .02; C, left
eye, r = 0.73; P = .002). pRNFL
indicates peripapillary retinal nerve
fiber layer.
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change of 7 cm H2O. Surrogacy analysis for RNFL for ICP was
weaker (Figure 2B).

OCT GCL Analysis and ICP
The association between the OCT GCL analysis and ICP was
evaluated, and there was no correlation noted over the study
follow-up to 24 months; this included a lack of association
when individual segments were evaluated on the inner and
outer rings (superior, inferior, temporal, and nasal). Addition-
ally, the extent of the papilledema measured by ONH CT was
not associated with GCL loss over time.

OCT Analysis and Visual Field Perimetric MD
Axonal loss as measured by OCT GCL was positively corre-
lated with visual field loss (MD) at baseline and 12 months (right
eye: baseline, r = 0.19; P = .13; 12 months, r = 0.42; P = .001;
left eye: baseline, r = 0.31; P = .01; 12 months, r = 0.45; P < .001)
(eFigure 5 and eTable 4 in the Supplement). Insufficient data
at 24 months prohibited analysis. The OCT measure of GCL was
seen to act as a surrogate for MD, where the worse the GCL was,
the lower the MD was (eFigure 5 in the Supplement).

Figure 2. Bootstrap Surrogacy Analysis of Intracranial Pressure (ICP) and Optical Coherence Tomography (OCT) Outcomes
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The x-axis reflects changes in OCT with change in ICP on the y-axis. The lines are
simple linear regressions, and the shaded regions are 95% CIs of the mean.
Changes in ICP are plotted at 3, 12, and 24 months. Each positive value
represents improvement (ie, reduction in ICP and OCT); the larger the angle of
the slope, the greater the association. A, Optical nerve head central thickness

on the y-axis with a positive association between parameters observed over the
time horizons. B, Retinal nerve fiber layer on the y-axis with seemingly random
dispersion of data points, indicating a lack of association between retinal nerve
fiber layer and ICP.

Table 2. Prognosticating Intracranial Pressure (ICP) From Optical
Coherence Tomography Central Thickness, as Measured on the Optic
Nerve Head Volume Scana

Time, mo

Change in optic nerve head
volume central thickness
measure, μm

Change in mean intracranial
pressure (95% CI), cm H2O

12 50 5.0 (1.4-8.3)

12 100 5.9 (1.9-9.1)

24 50 6.5 (2.3-9.9)

24 100 8.5 (4.8-12.6)

a Changes in ICP prognosticated by bootstrap surrogacy analysis conditional on
central thickness changes in ICP. A reduction in central thickness of 100 μm at
12 months is highly likely to be associated with a reduction in ICP at 12 months
(mean decrease, 5.9 [95% CI, 1.9-9.1] cm H2O). Similarly, observation of a
reduction in central thickness of at least 50 μm at 24 months is highly likely to
be associated with a reduction in ICP (mean decrease, 6.5 [95% CI, 2.3-9.9] cm
H2O).
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Discussion

We believe there is an unmet clinical need for a noninvasive,
objective measure of ICP. We conducted a longitudinal co-
hort study to define the potential for OCT measures to be a bio-
marker for ICP in patients with IIH. In cohort 1, using accurate
telemetric ICP measures, we determined that the mean of a ICP
measure from a 5-minute recording in the sitting position was
equated with prolonged telemetric ICP measurements. Mean
sitting telemetric ICP values were then demonstrated to cor-
relate with OCT parameters. These were then investigated in
turn in the larger cohort 2, where pragmatically, LP was used
to measure ICP over a 24-month period. Our aims were to go
further than just detecting the presence or absence of raised
ICP, as others have reported.23,24 One study23 with telemetric
ICP measures used a multiple linear regression model and con-
firmed a statistically significant association between ICP and
spontaneous venous pulsation, as determined by observers
grading the spontaneous venous pulsation on infrared vid-
eos, but did not assess the quantitative measures of the OCT
scans. In a pediatric cohort,14 when directly measuring ICP in-
traoperatively, the investigators were able to demonstrate OCT
measures detecting raised ICP levels with 89% sensitivity and
62% specificity.

The OCT RNFL measurements in this study showed weak
and inconsistent associations with ICP in both cohorts, as other
investigators have found.12 In the Idiopathic Intracranial Hy-
pertension Treatment Trial (IIH TT), the OCT parameters of
RNFL, total retinal volume, and ONH volume were signifi-
cantly correlated with both Frisén grades and ICP levels (as
measured by LP), but the correlation was stronger with Frisén
grades (r >0.76) than with LP opening pressures (r >0.24).11

There may be many reasons why this is the case: Frisén grad-
ing may take in additional clinical features for categorization
or the standard circle sizes of both the ONH scans were not de-
veloped for optic nerve pathology and may be too large for the
general anatomy of the ONH. In this study, the higher the Frisén
grade, the less discriminating the RNFL value was (Figure 1A),
and therefore this may not be as useful clinically to distin-
guish the worst degrees of papilledema.

A weak but significant correlation of the global ONH vol-
ume to ICP in people with IIH has been previously confirmed
by others.11,13,25 The strength of the association may have been
limited by the size of the cohorts, use of LP opening pressure
to measure ICP, time interval between LP, and procedures for
capturing the OCT images. Certainly, Skau et al26 and Wang
et al27 have concluded that OCT measures may be a more sen-
sitive indicator of elevated ICP compared with papilledema
grade, because a grader qualitatively classifies in a noncon-
tinuous way, whereas OCT ONH parameters are quantified and
continuous. Here, we found strong and consistent associa-
tions with OCT ONH volumetric measures of CT, CV, MH, and
MHC and telemetric ICP (eTable 2 in the Supplement; Figure 1C
and Figure 1D), which has not been investigated previously in
this manner, to our knowledge. The estimated surrogacy as-
sociations between CT and ICP were positive at all 3 time ho-
rizons (3, 12, and 24 months). A reduction of ONH CT at least

50 μm at 12 or 24 months is highly likely to be associated with
reductions in ICP on the order of 5 cm H2O and 7 cm H2O, re-
spectively (Table 2).

Structure-function correlations are critically important, in
that moving from visual field assessments to objective clini-
cal tools, such as OCT, would be clearly advantageous for pa-
tients, clinicians, and researchers. Macular ganglion cell com-
plex measurements have been found to be accurate and reliable
biomarkers of visual function loss in a range of optic neuropa-
thies, including glaucoma,28 ischemia,29 mitochondrial
dysfunction,30 and demyelination.31 Monteiro et al32 showed
reduced sectoral and mean macular thickness, which corre-
lated with visual field loss in patients with chronic papill-
edema. Here we found evidence of association between OCT-
derived macular GCL global volume and visual field MD at
baseline and 12 months (eTable 4 in the Supplement). Given
the difficulty in patients with IIH of performance of auto-
mated visual fields,33 there is may be potential for the OCT GCL
to be used as a substitute because it correlated with visual func-
tion at later points.

Strengths
This is a large, well-characterized cohort of patients with IIH,
drawn from 3 randomized clinical trials, ensuring highly stan-
dardized protocol of measurements. The study sample is rep-
resentative of patients with IIH, with a case mix including those
with active severe disease and those with milder disease ac-
tivity (Table 1). It is to our knowledge the first study using pre-
cise, continuous telemetric ICP monitors to quantitatively as-
sess the association between ICP and specific OCT parameters.
We also pragmatically demonstrated these parameters using
LP, as would be routinely done in clinical practice, in a larger
cohort. Importantly, the OCT scans were obtained on the same
day and prior to the ICP measurements. Use of the propri-
etary software means that the results of the study may be di-
rectly translatable into the clinical environment. Patients in co-
hort 2 received different interventions, which could have the
potential to alter the trajectory of their disease; however, we
consider this to be a strength, because it should not alter the
associations between the parameters assessed.

Limitations
Ocular OCT is currently unable to distinguish between a re-
duction in thickness because of resolving edema from axonal
loss. The segmentation of the layer algorithms have been shown
to often fail in higher-grade papilledema.8,34 In papilledema,
identification of anatomical landmarks, such as Bruch mem-
brane, which is required to produce measurements, may be
hampered by lack of penetrance because of the elevation of
the optic nerve and edema.27 This may be why RNFL mea-
sures have few declared associations with ICP, because of fail-
ure in higher grades of papilledema. The use of surrogacy analy-
sis should ideally have been conducted using trial data from
multiple historical IIH trials, but unfortunately these seem not
to exist. The bootstrapping resampling methods (eMethods 2
in the Supplement) was a pragmatic approach to enable a sur-
rogacy assessment to be made.
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Conclusions

As changes in ICP can be estimated from changes in the ONH
volume parameters, further validation in a prospective real-
world trial would be of immense interest. Future analysis
should also include other OCT devices to see if the results of
this study using the Heidelberg Spectralis could be general-
ized to other platforms. For situations in which tabletop OCT
may not be viable, such as in the critical care setting or surgi-
cal theaters, mobile OCT devices are being trialed.35

Telemetric ICP, a gold-standard measure, has been used
to identify candidate surrogate OCT markers reflecting ICP.
These measures were then validated in a longitudinal study
over 24 months. This study reports the use of OCT CT as a sur-
rogate for ICP. Optical coherence tomography CT changes as
ICP changes and may permit prognostication of ICP over time.
Here, we have demonstrated the utility of OCT imaging mea-
sures that can be used to assess ICP and are directly translat-
able to routine clinical practice.
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