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Abstract

Background: The differential diagnosis of optic disc edema at the acute phase can be challenging. OCT
angiography (OCTA) is a new technology allowing the visualization of the peripapillary vascular network and optic
disc capillaries. The peripapillary network alterations of glaucoma and chronic non-arteritic anterior ischemic optic
neuropathy (NAION) were reported. However, no OCTA studies on acute optic disc edema from various causes. The
aim of this project was to use OCTA to demonstrate the vascular changes the optic nerve head of various types of
optic disc edema at the acute phase.

Methods: In this retrospective study, patients with non-arteritic anterior ischemic optic neuropathy (NAION),
papillitis or papilledema were recruited. Each patient was imaged using the AngioPlex™ CIRRUS™ HD-OCT
device(model 5000, Carl Zeiss Meditec, Inc., Dublin, USA) with a scanning area of 6 X 6 mm? centered on the optic
disc. A morphological analysis of the peripapillary network was performed. For some patients with unilateral optic
disc edema, a quantitative analysis was performed using a swept-source OCT-A system (PLEX® Elite 9000, Carl Zeiss
Meditec, Inc, Dublin, USA). Vessel perfusion density and flux index of the peripapillary area were calculated.

Results: Eight eyes with NAION (4 patients), 12 eyes with papillitis (6 patients) and 25 eyes with papilledema (13
patients) were imaged. The apparent disappearance or moderate pattern alteration of the peripapillary capillary
vessels were observed in patients with NAION or papillitis, respectively. For papilledema, the capillaries at the
surface of the optic disc were dilated and tortuous, but no peripapillary network pattern changes were observed.
The quantitative analysis did not show any difference of peripapillary network between NAION and healthy eyes.
For papillitis, the flux index was higher in inflammatory eyes compared to the healthy eyes in average (p =0.03).

Conclusion: At the acute phase, the morphological analysis of OCT-A appeared to be more useful than the
quantification analysis, facilitating the differentiation between the three kinds of ONH edema: ischemic,
inflammatory and papilledema.
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Background

Using multimodal imaging, the diagnosis of optic disc
edema is not difficult. However, finding the underlying
causes could be challenging. Except for papilledema,
which often involves both eyes and is easy to diagnose, the
differentiation between ischemic and inflammatory optic
neuropathies is not easy, and requires further ophthalmo-
logic and non-ophthalmologic explorations. Ischemic and
inflammatory optic neuropathies may present as various
types of visual loss at any age. The fundus photo is rarely
helpful in discriminating the causes, and the so-called typ-
ical altitudinal visual field defect encountered in ischemic
optic neuropathy could be associated with papillitis. The
fluorescein angiography is the key examination when the
perfusion of the optic nerve head at the early phase could
be caught. If there is a perfusion delay or hypoperfusion of
the optic nerve, the most likely diagnosis is ischemic optic
neuropathy. When the hypoperfusion is not caught early
enough during fluorescein angiography, the dye leakage
may hide the vasculature at the surface of the optic disc.
In this case, the only assertion to be made is that there is
optic disc edema. Furthermore, this imaging technique is
invasive and cannot always be performed promptly since
this device is not always accessible in small ophthalmo-
logical centers. The diagnosis of papillitis could be
challenging when it is not associated with any intraocular
inflammation or retro-ocular pain. The use of invasive
investigations, such as lumbar puncture and cerebral im-
aging, are often necessary.

With OCT angiography (OCTA), the visualization of
the retinal peripapillary and optic nerve head vessels is
possible due to the detection of motion contrast from the
blood flow [1]. With the automatic segmentation com-
monly provided by these commercially available systems,
it is possible to detect the superficial vascular plexus at the
level of the retinal nerve fiber layer (RNFL) and the gan-
glion cell layer. Spaide et al. [2] showed that unlike fluor-
escein angiography, OCTA allows visualization of the
radial peripapillary capillaries (RPC). The capillary net-
work appears radially distributed around the optic disc,
with no vascular drop out in most eyes. The capillaries
run along the nerve fibers, and the vascular density de-
creases centrifugally from the optic disc. This decrease of
the capillaries correlates with the RNFL thickness. OCTA
has been mainly used in glaucoma patients and demon-
strated the decrease of vascular density and blood flow of
the peripapillary network (see Akil et al. for review [3]).
Optic disc edema, regardless of the cause, causes RPC pat-
tern changes. Studies of optic disc edema of either miscel-
laneous optic neuropathies [1, 4] or non-arteritic anterior
ischemic optic neuropathy (NAION) at the acute phase or
after resolution of the edema [5-11], or optic neuritis
[12-15] demonstrated modifications of either RPC or
optic disk vascularization. However, the distinctive signs

Page 2 of 7

that could be sued to differentiate among various under-
lying causes have not been reported. The aim of this pro-
ject was to describe various OCTA changes of the
vasculature of the optic nerve head and RPC in the setting
of various causes of optic disc edema in the acute phase.
The study may help in the differential diagnoses of various
kinds of optic disc edema at acute stages.

Methods

Patients

The study was approved by the institutional review
board of the French Society of Ophthalmology and was
conducted by the tenets of the Declaration of Helsinki.
From September 1st, 2016 to October 1st, 2017, all con-
secutive patients diagnosed with acute optic disc edema
related to either non-arteritic anterior ischemic optic
neuropathy (NAION), papillitis or papilledema were re-
cruited and imaged using an OCTA device. We defined
acute optic disc edema when patients complained of a
visual loss for less than ten days. For each category, the
diagnosis was made based on standard clinical criteria.

All patients underwent a standardized ophthalmic
examination including best corrected visual acuity, visual
field, slit lamp examination, fundus photo, and B-scan
OCT of the optic disc with the Enhanced Depth Imaging
system to detect optic disc drusen (Spectralis®, Heidelberg
Engineering, Heidelberg, Germany). Fluorescein angiog-
raphy was performed on all patients with unilateral optic
disc edema (Spectralis®, Heidelberg Engineering, Heidel-
berg, Germany). Furthermore, for NAION, a general
examination and ESR/CRP dosage were performed to ex-
clude arteritic ischemic optic neuropathy [16]. For papille-
dema, patients underwent a brain magnetic resonance
imaging (MRI) and magnetic resonance venogram (MRV)
to rule out papilledema secondary to intracranial lesion or
cerebrovenous thrombosis. Lumbar puncture with open-
ing pressure measurement was also performed. Patients
were diagnosed with idiopathic intracranial hypertension
following the Modified Dandy Criteria [17].

For papillitis, MRI and cerebrospinal fluid analysis were
performed. As demonstrated previously, multiple sclerosis it-
self could induce modification of the vessel density [14, 15].
Therefore, we ruled out papillitis associated with multiple
sclerosis or associated with autoantibodies (anti-NMO and
anti-MOG). Papillitis was diagnosed as optic disc edema as-
sociated with the usual inflammatory criteria (quick onset of
visual loss, retro-ocular pain, and slight intraocular inflam-
mation) and the absence of early hypoperfusion of the optic
disc on the fluorescein angiography.

Finally, we excluded individuals with other optic neur-
opathy, such as glaucoma, optic disc drusen and amioda-
rone optic neuropathy, which may affect OCTA analysis.
We also excluded patients for whom OCTA images were
of poor quality.
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OCTA acquisition

Our study was conducted in two parts. The first one con-
sisted of a morphological analysis of the RPC of all eyes
with optic disc edema. The second part was dedicated to
quantitative analysis that only included the unilateral optic
disc edemas, i.e., NAION and papillitis. For this quantita-
tive examination, each affected eye was compared to the
contralateral healthy eye.

For morphological analysis, each patient underwent
OCTA on both eyes using the AngioPlex™ CIRRUS™
HD-OCT device(model 5000, Carl Zeiss Meditec, Inc.,
Dublin, USA) with a scanning area of 6 x 6 mm?” cen-
tered on the optic disc. A fully-automated retinal layer
segmentation algorithm was applied to select a superfi-
cial slab that included the RNFL and the ganglion cell
layer. A morphological analysis of the peripapillary net-
work was performed by a skilled physician.

For quantitative analysis, and only for patients with uni-
lateral optic disc edema, a swept source OCT-A using the
PLEX" Elite 9000 device (Carl Zeiss Meditec, Inc., Dublin,
USA) was performed on both eyes. OCTA 6x6 mm?>
scans centered on the optic nerve head (ONH) were ac-
quired. A fully-automated retinal layer segmentation algo-
rithm was applied to three-dimensional structural OCT
data to segment the inner limiting member (ILM) and the
outer boundary of RNFL for peripapillary scans. The seg-
mentation results were then applied to OCT-A flow inten-
sity data to obtain vascular images. Maximum projection
analyses of the flow intensity were performed to generate
the radial peripapillary capillaries (RPC) plexus from ILM
to RNEFL for peripapillary scans.

Once acquired, all raw data were exported and sent to
the Carl Zeiss Meditec Inc. Ophthalmic Diagnostics
R&D, which analyzed the data with a prototype algo-
rithm and provided the vessel perfusion density (VPD)
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and flux index (FI) values. The quantification process
has already been described [18]. The VPD is defined as
the total area of perfused vasculature per unit area in a
region of interest (ROI). It is calculated by averaging the
binary vessel image within the desired ROL The FI is de-
fined as the total weighted area of perfused vasculature
per unit area in an ROI. The weight is the flow intensity
corresponding to each pixel. Essentially, the flux index is
calculated by averaging the intensity of all vessel pixels
divided by total vessel pixels within the ROL

The ROI is a ring-shaped pattern centered on the
ONH (inner circle two mm-diameter, outer circle six
mm-diameter) superimposed onto the peripapillary
OCT-A scan. The areas outside of the outer circle and
within the inner circle (including the ONH) were col-
ored out black, and were excluded from the analysis;
thus, only the parts of the image included in the ROI
was used to calculate the RPC-VPD and RCP-FIL Finally,
the large vessels were excluded from the image, to calcu-
late only the capillary density. The VD and FI were cal-
culated in 4 quadrants (Superior, Nasal, Inferior and
Temporal) and averaged accordingly (Fig. 1).

Each eye was compared with the unaffected fellow eye
to alleviate the abnormalities due to the patient’s medical
background, which may have had consequences on both
eyes. By doing so, we emphasized the changes that can
only be due to the acute event.

The Wilcoxon test for matched samples was used. A
p-value less than 0.05 was considered statistically significant.

Results

Eight eyes (4 patients) with NAION, 12 eyes (6 patients)
with papillitis and 25 eyes (13 patients)with papilledema
were included in the present study.

VD, vessel density; Fl, flux index

Fig. 1 Data processing algorithm overview. (a) RPC (from ILM to RNFL) angiography slab from angiography 6 x 6 mm? scan. (b) Vessel binary
image where the large retinal vessels have been removed. (c) Vessel density and flux index metrics calculation. VD and Fl are calculated within
the red annulus with inner and outer diameters of 2 mm and 6 mm, respectively. Values are reported for four superior, nasal, inferior, and
temporal quadrants and the entire annulus. RPC, retinal peripapillary capillaries; ILM, internal limiting membrane; RNFL, retinal nerve fiber layer;

6mm
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Morphological analysis

Ischemic optic neuropathy: in all NAION eyes, the peri-
papillary network was less visible, especially around the
edema area (Fig. 2). There was some vascular drop out
(arrows), displayed by dark areas. In some eyes, vascular
tortuosity at the surface of the optic disc was visible (ar-
rowheads). The global aspect was a severe disappearance
of the peripapillary regular pattern.

Papillitis: in inflammatory optic disc edema, no vascu-
lar drop out was present. When the ONH edema was
significant, the capillaries sometimes disappeared in the
edema, but they were visible above the edematous area.
More often, the radial distribution of the peripapillary
capillaries remained preserved, and some vascular dila-
tion could be seen in some eyes (Fig. 3). The global as-
pect was a moderate alteration of the peripapillary
regular pattern.

Papilledema: in 12 patients, the papilledema was bilat-
eral. The 13th patient presented unusual unilateral papil-
ledema, but the opening pressure measured during the
lumbar puncture confirmed the diagnosis of idiopathic
intracranial hypertension. In these eyes, the radial peri-
papillary network was unchanged. The capillaries at the
surface of the optic nerve head were dilated and tortu-
ous like a tangled ball of vessels (Fig. 4, arrowheads).
There was no vascular dropout. The global appearance
was of a bushy aspect.
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Quantitative analysis

Only 4 NAION and six papillitis eyes were quantified
(Table 1). For NAION, no differences either for vessel
perfusion density and capillary flux index were found
compared with unaffected contralateral eyes. For papilli-
tis, the FI was higher in inflammatory eyes when com-
pared with the healthy eyes on average (p = 0.03). There
was no difference for VPD. As the quadrant values are
components of the global value, we did not consider the
results of the different quadrants.

Discussion

Despite many publications describing OCTA features of
optic neuropathies, to the best of our knowledge, this is
the first study looking at OCTA at the acute phase of optic
nerve head edema to explore salient features that may
guide the diagnostic investigation. Except for bilateral
ONH edema, which is most often related to papilledema,
finding the underlying cause of a unilateral ONH edema
can be difficult. Fluorescein angiography can be of great
help only if the early frames have detected a delay in the
ONH filling, leading to the diagnosis of a NAION. Other-
wise, the dye leakage prevents from the visualization of
the optic disc vascularization. Patient background, past
medical history, associated symptoms and visual field are
other parameters that may guide the etiologic diagnosis.
Nevertheless, in some cases, differentiating a NAION

Fig. 2 A 65 years old woman with an acute visual loss of her right eye related to NAION. Superficial OCT-A (Angioplex©) of her right eye (a)
shows on the nasal side of the optic disc a dilation of the capillaries, which appear tortuous (arrowheads). On the temporal side, there are some
dark areas corresponding to a vascular drop out (arrows). The B-scan inferior to the optic disc shows that there is no edema in the vascular
dropout area, and thus no shadowing artifact (c). In the healthy eye (b and d), the peripapillary network appears regular with no vascular
dropout. Green arrows within the OCT-A images indicate the location and direction of the B-Scans
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Fig. 3 52 years old male presenting a papillitis on the left eye related to syphilis infection. Superficial OCT-A (Plexelite©) on the left eye (b) is
almost normal, and the superficial optic disc vessels are slightly dilated (arrowheads). There is no vascular dropout or vascular tortuosity. When
compared to the healthy eye (a), the peripapillary network appears regular. OCT-B scans (c and d) corresponding to a and b

Fig. 4 A 25 years old female presenting bilateral papilledema related to idiopathic intracranial hypertension. Superficial OCT-A of both eyes (a
and b) acquired with Angioplex© demonstrating a dilation of the superficial optic disc vessels, which are tortuous and dilated. The global aspect
of the optic disc looks like a tangled ball of vessels (arrowheads). OCT-B scans (c and d) corresponding to a and b
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Table 1 Peripapillary Flux Index (Fl) and Vessel Perfusion Density
(VPD) mean variations and p Values in NAION eyes and papillitis

NAION Papillitis
(N=4) (N=6)
Mean variation pValue  Mean variation  p Value
(SD) (SD)

Fl global 0.0027 0.8750 0.0243 0.0313
(0.0104) (0.0229)

FI temporal 0.0179 N/A 0.0258 N/A
(0.0147) (0.0258)

FI superior -0.0121 N/A 0.0277 N/A
(0.0256) (0.0188)

FI nasal 0.0235 N/A 0.0299 N/A
(0.0147) (0.0204)

Fl inferior —-0.0244 N/A 0.0120 N/A
(0.0355) (0.0277)

VPD global -0.0126 0.6250 -0.0136 0.2188
(0.0289) (0.0211)

VPD —-0.0072 N/A 0.0030 N/A

temporal (0.0285) (0.0425)

VPD superior -0.0356 N/A -0.0131 N/A
(0.0273) (0.0618)

VPD nasal 0.0050 N/A 0.0002 N/A
(0.0404) (0.0264)

VPD inferior -0.0171 N/A -0.0447 N/A
(0.0734) (0.0284)

The mean variation corresponds to the difference between involved eyes and
unaffected fellow eyes

from a papillitis remains equivocal. In this case, an add-
itional quick and safe diagnostic clue could be helpful.

It is necessary to state that in this study the main issue
was the acquisition procedure with NAION eyes. Many
eyes were excluded because of the poor quality of the
images related to eye movement artifacts due to low vis-
ual acuity. This is the reason why even NAION is a
common optic nerve disease, fewer patients have been
included.

In the acute phase of NAION, we found an alteration
of the RPC visualization associated with some vascular
dropout and disappearance of the peripapillary regular
pattern. These features have been described previously,
and our observations confirm the blood flow impair-
ment associated with NAION [1, 5-8]. However, unlike
what reported in previous studies, we did not find any
difference in vessel density nor the flux index between
NAION eyes and unaffected fellow eyes [6, 7, 9]. This
could be due to our small sample size. Or it could be
because we compared NAION eyes with the healthy
fellow ones while in other studies, the comparison was
made with a group of normal control eyes [6]. It is
known that NAION patients are more prone to have
diabetes, hypertension, and sleep apnea, which could
induce a retinal vascular dropout as described
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previously [19]. By comparing the NAION eye to the
contralateral one, we tried to diminish the abnormal-
ities due to systemic diseases or medication, and hence
detected changes only due to the acute ischemic event.
However, these modifications may not be detectable in
the acute phase. In fact, we speculate that the VD and
FI are not modified at the early phase but only at the
chronic stage. It is known that NAION is the conse-
quence of short posterior ciliary artery occlusion and
that RNFL atrophy occurs consecutively. The reduction
of nerve fibers induces an autoregulatory decrease of
retinal blood flow due to lower metabolic needs. This
blood flow impairment could thus be quantified
through VD and FI reduction [6, 9-11]. The same
mechanism has been suggested in glaucoma and optic
neuritis [20, 21]. Therefore, at the acute phase of a
NAION, OCTA morphological analysis might be more
useful than the quantification of VD or FI.

Concerning papillitis, this study is the first one that
examined RPC in the acute phase. The main differentiat-
ing factor of papillitis from NAION was no vascular
dropout. Even in the case of significant edema, which
may hide the peripapillary capillaries, they re-appear be-
yond the edema. In the present study, vascular dilation
generally encountered in inflammatory processes was
observed by quantitative studies. These quantitative re-
sults are promising and may represent a useful tool for
the diagnosis of papillitis.

Lastly, we explored the morphological modifications of
ONH in papilledema. The OCTA was performed when
the patient was diagnosed with optic nerve head edema,
but we could not obtain information regarding the dur-
ation of the edema. If referring to the onset of headache,
the papilledema could have happened several months
before it was detected. The OCTA demonstrated a spe-
cific presentation of the capillaries at the surface of the
optic nerve head, which displayed a tangled ball of ves-
sels. There was no modification at the level of the RPC.
The relationship between intracranial hypertension and
the curly dilation of the capillaries is not established,
which warrants further investigation.

Conclusions

In summary, OCT-A is a safe imaging modality that
helps in the differentiation between the three kinds of
ONH edema: ischemic, inflammatory and papilledema.
At the acute phase, the morphological analysis appears
to be more convenient than quantification because the
edema itself may induce artifacts during the image ac-
quisition affecting the quantification process. However, if
it is confirmed by a larger series, the quantification could
be an added tool for the diagnosis of the inflammatory
swollen optic disc.
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