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Abstract
Purpose To determine if the presence or absence of retinal and choroidal folds on SD-OCT imaging can distinguish between
mild papilloedema and pseudopapilledema.
Design Cross-sectional cohort study
Methods Subjects with optic disc elevation (Frisen grades 1 and 2 only) were eligible to be enrolled prospectively.
Pseudopapilledema was defined as a lack of change in optic disc appearance between two visits <6 months apart, and
papilloedema was defined as change in optic disc appearance between two visits <6 months apart determined by review of
fundus photographs by a masked neuro-ophthalmologist. Three masked neuro-ophthalmologists independently reviewed en
face and axial optical coherence tomography (OCT) images of the optic nerve of the study subjects for the presence or
absence of retinal and choroidal folds. Concordance was determined when there was agreement between at least 2 of the 3
observers.
Results Forty-five subjects (78 eyes) met inclusion criteria. There were 32 eyes with papilloedema and 46 eyes with
pseudopapilledema. Choroidal and/or retinal folds were detected in 38% of eyes (12/32) with papilloedema and 19.6% of
eyes (9/46) with pseudopapilledema. Post-hoc analyses eliminated six questionable cases of pseudopapilledema that had
ancillary testing suggestive of elevated intracranial pressure and resulted in one remaining eye (2%) with more certain
pseudopapilledema that was found to have folds. En face OCT imaging was more sensitive (71%) in detection of folds than
axial OCT imaging (57%).
Conclusions Choroidal and/or retinal folds on OCT are commonly observed in patients with mild papilloedema and are
uncommon in those with pseudopapilledema. The presence of folds on OCT in patients presenting with disc elevation
suggests papilloedema.
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Introduction

The differentiation between papilloedema versus pseudo-
papilledema remains a diagnostic dilemma when the optic
disc elevation is mild and when signs and symptoms of
raised intracranial pressure (ICP) are minimal. In these
patients, ancillary test results such as signs of raised ICP on
magnetic resonance imaging (MRI) and opening pressure
measurements on lumbar puncture (LP) may be equivocal.

Retinal and choroidal folds have been observed in
patients with papilloedema due to idiopathic intracranial
hypertension (IIH) and are more frequently observed with
higher grades of swelling [1–3]. Peripapillary wrinkles and
outer retinal folds are more commonly seen with higher
grades of papilloedema (Frisen grades 3–5), and choroidal
folds are more commonly seen in patients with higher ICP
[1, 4].

In 2015 spectral-domain optical coherence tomography
(SD-OCT) was used to primarily investigate the frequency,
types, and patterns of retinal and choroidal folds in patients
with papilloedema who were enrolled in the IIH treatment
trial (IIHTT) [1, 5]. Sibony et al. found that by OCT,
choroidal and retinal folds were found in 73% of patients
with papilloedema, and that OCT was more sensitive than
fundus photographs in the detection of folds [1].

On the other hand, it is generally believed that folds are
not a feature of pseudopapilledema and may, in fact, be
pathognomonic of true papilloedema, although this has not
been studied prospectively or in a masked fashion. Carta
et al. looked at specific signs on fundoscopy to differentiate
optic disc oedema from pseudopapilledema; however, this
study was neither masked nor prospective, and OCT ima-
ging was not utilized [6].

While pseudopapilledema follows a relatively benign
course, true papilloedema requires timely evaluation
including neuroimaging and LP. We sought to determine if
the presence of retinal and choroidal folds can be a distin-
guishing feature between mild papilloedema versus pseu-
dopapilledema by using both axial and en face SD-OCT
imaging.

Materials and methods

A previous study from our institution prospectively enrolled
patients with optic disc elevation [7]. Approval by the
Institutional Review Board at University of Pennsylvania
was obtained prior to the study. In the previous study, the
sensitivity and specificity of ocular ultrasonography in
papilloedema and pseudopapilledema were studied in
patients presenting with optic nerve elevation [7]. By the
study criteria, pseudopapilledema was defined as optic disc
elevation with a lack of change in optic disc appearance

between two visits <6 months apart, and papilloedema was
defined as optic disc elevation with a change in optic disc
appearance between two visits <6 months apart determined
by review of fundus photographs by a masked neuro-
ophthalmologist [7]. We utilized these same definitions for
our study.

In our study, patients with Frisen grades 1 and 2 optic
nerve elevation were included while grades 3–5 were
excluded, since in higher grades of optic nerve swelling
there is less ambiguity in differentiating between true
papilloedema versus pseudopapilledema. In addition, all
patients with visible optic disc drusen (ODD) were exclu-
ded. Patients with other causes of optic disc elevation (i.e.,
ischemic, compressive, inflammatory) based on clinical
presentation and examination were excluded from the study.

Patients underwent standard work up including MRI and/
or LP, as deemed necessary by the examining neuro-
ophthalmologist. Findings suggestive of increased ICP on
MRI included an empty sella, flattening of the posterior
globes, optic nerve sheath distension and/or transverse sinus
stenosis. An LP opening pressure of ≥25 cm H2O was
considered elevated.

Digital fundus photography was performed by a techni-
cian using the IIHTT protocol [8]. The Zeiss FF450 camera
was used with a 30-degree field angle. Photos were taken
with a resolution of 2400 × 2048 pixels with this fundus
camera combined with Merge Healthcare software and 5
megapixel backing camera.

The photographs were uploaded to a Windows 7 Pro-
fessional SP1 PC and contained within the WinStation
version 11.4 program provided by Merge Healthcare. The
images were visualized under dim room illumination by a
masked neuro-ophthalmologist. The photographs contained
an image centered on the optic disc at the retinal plane, on
the plane of highest disc elevation, as well as the papillo-
macular area. All photographs were included with the
exception of those containing artifacts or capture errors.

All subjects were imaged on the same Cirrus 5000 SD-
OCT (8.1.0.117) using the IIHTT OCT acquisition protocol
[8]. Five types of scans were performed: two 200 × 200
optic disc cube scans, two macular cube scans 200 × 200
centred on the fovea, and one high definition (HD) five-line
raster scan of the optic disc horizontally oriented and
separated by 0.5 mm imposed on the disc. The cube scans
were generated from a 6 mm square grid composed of 200
horizontal lines containing 200 A-scans.

Three masked neuro-ophthalmologists (PAS, RAA, MT)
were instructed to identify retinal and choroidal folds using
SD-OCT images as previously described by Sibony et al.
[1]. Anonymized SD-OCT images (en face and axial ima-
ges, separately) were presented in random order to each
masked evaluator who individually evaluated each image
for the presence or absence of folds. For the axial images,
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five raster images were grouped together for each eye
(Fig. 1a). Only one en face image was used for each eye
(Fig. 1b). Concordance was determined when there was
agreement among at least 2 of the 3 reviewers. Results were
collected and recorded by an unmasked evaluator (SNR).

Pairwise agreement between the graders viewing en face
and axial OCT images was assessed using kappa statistics.
Sensitivity and specificity were calculated, and logistic
regression with generalized estimating equations to account
for the correlation between eyes in the same person was

used to construct 95% confidence intervals [9]. All statis-
tical computations were performed with SAS 9.4 (SAS Inc,
Cary, NC).

Results

In the forty-five subjects (78 eyes) who met inclusion cri-
teria, 32 eyes had papilloedema (Frisen grade 1 or 2), and
46 eyes had pseudopapilledema. Thirty-eight subjects
(92.6%) were female. Pairwise agreement between the three
evaluators using kappa statistics ranged from 0.65 to 0.80
for en face OCT images and ranged from 0.16 to 0.45 for
axial OCT images.

Retinal and choroidal folds were detected in 38% of eyes
with papilloedema (12/32) and in 19.6% of eyes with
pseudopapilledema (9/46) based on the aforementioned
definitions of papilloedema and pseudopapilledema. There
were three eyes from two patients that had buried ODD
confirmed with B scan ultrasonography. None of these three
eyes had folds.

Based upon review of the en face OCT images, folds
were observed in 10 out of 32 eyes with papilloedema
(sensitivity 31% [95% confidence interval 16, 53%]; p=
0.09) and 6 out of 46 eyes with pseudopapilledema (spe-
cificity 87% [69–95%]; p < 0.001).

Based upon review of the axial OCT images of the 5-line
raster scan, folds were observed in 8 of 32 eyes with
papilloedema (sensitivity 25% [12–45%]; p= 0.02) and in
6 of 46 eyes with pseudopapilledema (specificity 87%
[75–94%]; p < 0.001). Eight eyes had folds on both en face
and axial OCT imaging (six true papilloedema and two
pseudopapilledema).

A post-hoc review of the medical records of the seven
patients (nine eyes) with pseudopapilledema noted to have
folds was performed. Six of the seven patients had at least
one ancillary test result suggestive of elevated ICP which
included one or more of the following: LP opening pressure
>25 cm of H20, an empty sella visualized on brain MRI,
abnormal optic nerve sheath fluid on B scan ultrasound, or a

Fig. 1 Examples of SD-OCT images of a mildly elevated optic
nerve. a Example of an axial SD-OCT image of a mildly elevated
optic nerve. b Example of an en face SD-OCT image of a mildly
elevated optic nerve.

Table 1 Test results of patients
with suspected
pseudopapilledema who
demonstrated retinal and/or
choroidal folds.

Patient LP opening
pressure (cm H2O)

Empty sella
on MRI?

RNFL thickness
initial and final
OD (um)

RNFL thickness
initial and final
OS (um)

Fluid
on B scan

1 24 − 111/103 110/104 −

2 38 + 102/87 87/83 −

3 40 + 94/90 97/93 +

4 Not performed Not reported 96/110 86/84 −

5 32 + 110/108 100/96 −

6 23 Not reported 119/90 118/91 +

7 39 + 110/95 98/89 +
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greater than 10-micron change between initial and follow-
up OCT peripapillary RNFL thickness.

After excluding these six patients, there was one patient
(#1) who had peripapillary wrinkles and no suggestion of
true elevated ICP or papilloedema on ancillary testing.
(Table 1 and Fig. 2a, b).

There were 28 patients (52 eyes) from both the papilloe-
dema and pseudopapilledema groups that had signs of ele-
vated ICP: LP opening pressure >25 cm of H20 empty sella
visualized on brain MRI, positive optic nerve sheath fluid on
B scan ultrasound, or a >10-micron change between initial
and follow-up OCT peripapillary RNFL thickness. Of these
patients with suspected elevated ICP, 25% (13 eyes) had folds
on en face OCT imaging (p value= 0.01) and 21% (11 eyes)
had folds on axial OCT imaging (p value < 0.001).

Discussion

Retinal and choroidal folds, originally described by Net-
tleship in 1884 [10], are seen in many ophthalmic condi-
tions, such as hyperopia, ocular hypotony, uveitis, orbital
tumors, scleral buckles, epiretinal membranes, maculo-
pathies, and papilloedema [1, 11–14]. Elevated ICP can be
accompanied by a corresponding increase in the cere-
brospinal fluid pressure within the optic nerve sheaths [15].

The increased pressure within the sheath can in turn be
transmitted directly to the globe, causing flattening of the
sclera and subsequent formation of choroidal and/or retinal
folds [1–3, 6, 11].

Four types of folds have been described in papilloedema:
peripapillary wrinkles (similar to previously described
“Paton’s lines”), inner retinal folds, outer retinal folds, and
choroidal folds [1, 4]. In our study, retinal and/or choroidal
folds were observed in 38% of those with mild papilloe-
dema (Frisen grades 1 and 2) using SD-OCT. Our lower
number compared to the 73% in the IIHTT is likely due to
inclusion of only Frisen grades 1 and 2 of papilloedema in
our study, while the IIHTT considered all grades of papil-
loedema [5, 8]. Based on an unpublished sub-analysis of the
IIHTT data (by PS), 57/125 patients in the IIHTT cohort
had grade I or II papilloedema. Nineteen of those 57 (33%)
had peripapillary wrinkles on OCT imaging, similar to our
findings.

We acknowledge that the criteria utilized for this study
(i.e., a change in optic disc swelling between initial and
follow-up visits) is not a perfect method to diagnose
papilloedema. A change in lower grades of disc swelling
may not occur, and/or mild papilloedema may not change in
the 6 months follow-up interval that was set for the study
purposes. Some patients who had an undetectable change in
disc swelling could have been misclassified as having
pseudopapilledema, especially when high opening pressure
on LP and MRI signs of raised ICP were also observed in
some subjects in the pseudopapilledema group. In addition,
discrete changes in RNFL thickness are easily missed using
fundus photos alone without the use of OCT analysis.

We chose a definition of papilloedema based on the
appearance of the optic disc alone, which is often the
defining exam feature, without the possible bias and often
inconclusive results of other ancillary testing. Examiner bias
was minimized by choosing three neuro-ophthalmologists,
separate from the original treating neuro-ophthalmologist,
to review the OCT images. We acknowledge that there can
be inherent variability in interpretation of optic disc
oedema, even by experienced neuro-ophthalmologists [7].

There have been limited studies looking for the presence
of folds in pseudopapilledema. Carta et al. performed an
observational study to assess the accuracy, sensitivity, and
specificity of fundoscopy in differentiating between pseu-
dopapilledema and true papilloedema. They found that the
presence of retinal and choroidal folds appeared to be
pathognomonic for true optic disc oedema; however, OCT
imaging was not used to detect the folds in this study. In
addition, although sensitivity was 100%, folds were only
found in 23% of patients with true optic disc oedema [6].

While patients with visible surface ODD had previously
been excluded from our cohort, there were 3 of 46 eyes
(6.5%) of patients with pseudopapilledema who had buried

Fig. 2 SD-OCT images from the one pseudopapilledema patient
with folds. a Axial SD-OCT image of the patient with pseudopa-
pilledema demonstrating chorioretinal folds (black arrow). b En-face
SD-OCT image of the patient with pseudopapilledema demonstrating
chorioretinal folds (black arrow).
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ODD confirmed on B scan ultrasonography. A recent study
has shown that folds may be present in up to 13% of
patients with ODD; however, the majority of those patients
had coexistent papilloedema or non-arteritic anterior
ischemic optic neuropathy [16]. Two patients in this cohort
had folds with ODD, and the authors surmised that perhaps
these two patients likely had prior papilloedema or anterior
ischemic optic neuropathy [16]. In our cohort, there was a
single patient with pseudopapilledema who had folds.
Therefore it is conceivable that she may have had previous
papilloedema or previous anterior ischemic optic neuro-
pathy unbeknownst to the authors, especially since folds
can remain long after disc swelling resolves [17].

Numerous investigators have utilized circumpapillary
RNFL thickness and peripapillary total retinal volume on
OCT imaging in an attempt to distinguish between papil-
loedema and pseudopapilledema, all producing different
results [18–20]. Fard et al. reported that while both papil-
loedema and pseudopapilledema have a statistically sig-
nificant thicker circumpapillary RNFL thickness than
normal subjects, the average outer peripapillary total retinal
volume was greater in papilloedema versus pseudopapille-
dema [19]. In contrast, there have been studies which found
that OCT cannot clearly differentiate between individuals
with mild papilloedema and those with congenitally crow-
ded discs [21]. Other studies have stated that OCT can be
used to differentiate between true papilloedema, pseudo-
papilledema and normal eyes when the nasal RNFL quad-
rant is analyzed [18]. It is worth noting that previous studies
evaluating OCT imaging for retinal and choroidal folds
were not masked, and observers already had knowledge of
the subjects’ diagnosis of papilloedema.

In our study, agreement among reviewers was relatively
high with en face imaging (0.65–0.80 pairwise agreement)
versus axial imaging (0.16–0.45 pairwise agreement), sug-
gesting en face may be a more reliable imaging modality for
observing folds. This may be due to a greater amount of
artifact observed with axial imaging due to retinal vasculature.

We found that folds were present in 38% of eyes with
true papilloedema in our cohort with lower grades of disc
swelling (Frisen grades 1 and 2). After excluding subjects
initially diagnosed with pseudopapilledema but then having
at least one ancillary test suspicious of raised ICP, one eye
from one patient remained who may have had true pseu-
dopapilledema and folds detected on OCT. Thus, the pre-
sence of folds in pseudopapilledema appears to be
uncommon. It is important to remember that MRI signs of
raised ICP and borderline elevated opening pressure on LP
are not in and of themselves diagnostic of clinically sig-
nificant ICP. For the purposes of this study, we excluded
patients from the pseudopapilledema group that had one or
more positive ancillary test results in order to completely
eliminate the possibility of such patients having true

papilloedema. This underscores the need to have more
stringent definitions, which are currently lacking, of papil-
loedema versus pseudopapilledema.

Upon review of all patients in our cohort that demon-
strated signs of raised ICP on ancillary testing (28/52), 46%
had folds observed on SD-OCT in one or both eyes.
Therefore, in subjects with mild grades of disc elevation, the
presence of folds seen on OCT, along with signs of raised
ICP, may help to provide yet another data set to help make
the diagnosis of papilloedema. When analyzing folds in this
patient population, there was an 87% specificity of folds in
both the axial and the en face group.

In conclusion, while the absence of retinal and choroidal
folds on OCT may not help to distinguish between papil-
loedema and pseudopapilledema, their appearance in patients
with a mild degree of optic nerve elevation suggests papil-
loedema. Future studies will need to determine more stringent
definitions of pseudopapilledema and true papilloedema in
order to ascertain if the presence of folds on OCT are indeed
unique to patients with papilloedema.

Summary

What was known before

● Retinal and choroidal folds identified on OCT are
associated with papilloedema but have never been
evaluated in pseudopapilledema in a masked fashion.

What this study adds

● Retinal and choroidal folds identified on OCT can
help distinguish between mild papilloedema and
pseudopapilledema.
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