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Optical Coherence Tomography 9
and Optic Nerve Edema
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9.1 Papilledema

Information given to us by optical coherence tomography (OCT) has advanced our
understanding of the pathophysiology of papilledema and pseudopapilledema. In 1860,
von Graefe described engorgement and distention of the retinal veins as an early mani-
festation of papilledema, suggesting that increased intracranial pressure led to increased
intracranial venous pressure and eventual venous stasis [1]. Subsequent investigators
described dilatation of the optic nerve sheath in cases of papilledema, suggesting that
increased pressure within the sheath could obstruct the central retinal vein [2, 3].

In 1963, in a study of rhesus monkeys, Hedges showed that, with acute and sub-
acute increases in intracranial pressure, there was always an associated rise in oph-
thalmic vein pressure. He proposed that impairment of orbital venous outflow at the
level of the cavernous sinus, arterial pressure elevation, and a local hemodynamic
effects within the orbit all contribute to the elevation if orbital venous pressure [4].
In 1977, in an experimental model of rhesus monkeys, Tso and Hayreh demon-
strated that, unlike swelling in the central nervous system which is characterized by
fluid accumulation in glial cells and extracellular space, the primary pathologic
change in papilledema is severe swelling of axons with disruption of mitochondria
and neurotubules [5]. The Tso and Hayreh study also demonstrated that the edema-
tous axons displaced the peripapillary retinal laterally, with extension of tracer into
the subretinal space surrounding the optic nerve head. This idea of a direct com-
munication between the swollen optic disc and the submacular space was first put
forth by Samuel’s histopathologic study in 1938, suggesting that the intermediary
tissue of Kuhnt can be disrupted from optic nerve swelling with subsequent escape
of peripapillary fluid [6]. Visual acuity loss, when it is seen in papilledema, is typi-
cally in conjunction with these macular changes [7].
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Visual acuity loss is infrequent in papilledema. More commonly, chronic papill-
edema leads to degeneration of optic nerve fibers with resultant peripheral visual
field loss [7]. In 1980, Morris and Sanders described visual acuity loss from papill-
edema due to macular changes, including retinal hemorrhages, macular exudates
and choroidal folds. They suggested that cerebrospinal fluid pressure in the optic
nerve sheath produces hemodynamic and mechanical effects causing compensatory
dilatation of the retinal papillary and peripapillary plexus and distention of the optic
nerve sheath, indenting the posterior globe causing choroidal and pigment epithelial
wrinkling in the macula [8].

Shortly after, Corbett et al. showed that peripapillary fluid in the context of pap-
illedema could lead to enlargement of the blind spot, hyperopia, and refractive sco-
toma [9]. In some patients with papilledema, macular retinal pigment epithelial
changes, as seen in cases of chronic macular edema, have also been observed [10].
Even choroidal neovascular membranes have been described in patients with papill-
edema [11-19].

In 2001, Hoye et al. evaluated 55 patients with papilledema from increased intra-
cranial pressure using time-domain OCT to measure the retinal nerve fiber layer
(RNFL) thickness. Nineteen of the patients also had OCT of the macula during
times of acute, subacute, or recurrent papilledema. OCT showed subretinal fluid in
association with decreased visual acuity in a subset of patients. In some cases, this
fluid was localized to the subfoveal region, and in others the fluid appeared to be
continuous from the optic disc to the subfoveal region, suggesting fluid leakage
from the optic nerve head. In these cases, fluorescein angiography, however, failed
to demonstrate leakage from the retinal or choroidal vasculature. In cases in which
the visual acuity was not substantially affected, there was thickening of the maculo-
papillary retina on OCT, suggesting intraretinal edema, without clear separation of
the retina and underlying choroid. The authors further noted improvement in visual
acuity after resolution of subretinal fluid [7].

A common clinical problem is the inability to clinically differentiate mild papill-
edema from pseudopapilledema. Although following these patients with repeated
clinical examinations will eventually yield an answer, such action is subjective and
could delay diagnosis.

In a study of patients under 20 years of age, time-domain OCT measurements of
peripapillary RNFL thickness was found to be a reliable tool in assisting in the dif-
ferentiation between frank papilledema and pseudopapilledema. The mean RNFL
thickness in eyes with papilledema was 218% (340 pm versus 156 pm) thicker than
the eyes with pseudopapilledema [20]. However, patients with moderate to severe
papilledema can be readily distinguished from pseudopapilledema on clinical exami-
nation. Differentiating cases of mild papilledema from congenital crowding without
optic disc drusen, however, is much more challenging. In 2005, Karam and Hedges
showed that mean RNFL thicknesses, measured with a time-domain OCT, were sig-
nificantly increased in patients with congenital crowding and mild papilledema in
comparison to normal control patients. Although the patients with mild papilledema
had higher RNFL values than those with congenital crowding, the difference was not
statistically significant, and it was concluded that distinction between these similar
appearing entities could not be made by OCT RNFL analysis alone. However, this
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finding suggests pseudopapilledema and papilledema share a similar pathogenesis,
in which axonal swelling is the result of delayed axoplasmic transport [21].

Fard et al. studied 42 eyes with mild papilledema, 37 eyes with pseudopapilledema
from congenitally crowded discs, and 34 normal eyes with spectral-domain OCT
(SD-OCT). Patients with optic disc drusen, moderate to severe papilledema, atrophic
papilledema, and previous retinal disease were excluded. As previously found, eyes
with both papilledema and pseudopapilledema had statistically significant increased
RNFL thickness in comparison to normal subjects. In addition, the authors measured
the peripapillary total retinal volume, which they defined as a volumetric region
between the inner limiting membrane and the outer aspect of the retinal pigment epi-
thelial complex in a defined space circumferential to the optic disc. Two peripapillary
total retinal volumes were calculated as volumes (inner versus outer), from ring-shape
areas concentric to the optic nerve. They found that the difference between the aver-
age outer peripapillary total retinal volume in the papilledema and pseudopapilledema
groups was statistically significant. However, the difference between the outer ring
peripapillary total retinal volume in pseudopapilledema and normal eyes was not.
They concluded that outer peripapillary total retinal ring volumes might be useful in
helping to differentiate between papilledema and pseudopapilledema [22].

Kupersmith, Sibony, and et al. have used OCT in a different manner to try to dis-
tinguish papilledema from other types of optic disc edema. In 2011, the authors pub-
lished two articles studying the biomechanical changes of the optic nerve head in
patients with papilledema secondary to elevated intracranial pressure, optic neuritis
and non-arteritic anterior ischemic optic neuropathy (NAION). Specifically, the
authors measured the angle of the peripapillary retinal pigment epithelium and Bruch’s
membrane (pRPE/BM) at the temporal and nasal borders of the neural canal opening.
The angle was measured as positive with inward (toward the vitreous) angulation and
as negative with outward angulation (away the vitreous) amongst the patients in the
three categories. Only OCTs from patients with papilledema showed a positive angu-
lation. Since, the same angulation was not seen in NAION or optic neuritis, the angu-
lation was concluded to be secondary to elevated intracranial pressure [23, 24]. A
follow-up study by Sibony et al. [25] and data from the idiopathic intracranial hyper-
tension treatment trial [26], showed that the pRPE/BM positive angulation in patients
with papilledema became more negative as the intracranial pressure decreased through
any means, thus confirming their previous conclusion. Interestingly, Sibony et al. also
found the same positive angulation in patients with presumed optic nerve sheath
meningioma. While the authors were uncertain of the mechanism, they postulated it
might involve a change in the compliance of the nerve or localized sequestration of
cerebrospinal fluid in the distal optic nerve sheath or a combination of both [27].

OCT has also been valuable in demonstrating the natural history of optic disc
edema from a variety of causes by measuring the RNFL thickness. OCT can objec-
tively quantify the amount of RNFL swelling, and thus axonal swelling, which is
the main pathological event in optic nerve edema; conversely, confocal scanning
laser ophthalmoscope cannot due to disruption of mitochondria and neurotubules in
the swelling axons [5, 28]. OCT can thus be an objective tool in following the clini-
cal course of optic disc edema. After the period of acute edema, during which the
RNFL is diffusely thickened, OCT can be used to monitor resolution of axonal
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swelling and thinning of the RNFL. Long term, RNFL thinning on OCT can be used
to monitor for evolution towards optic atrophy [28].

Monteiro and Afonso analyzed SD-OCT findings in patients with pseudotumor
cerebri with clinically resolved papilledema and stable visual fields for at least
6 months. They found that macular and RNFL thickness measurements were sig-
nificantly reduced when compared with normal eyes, and that the degree of RNFL
and retinal axonal loss correlated with visual field loss. This study highlights that
OCT can be used as an objective tool in guiding management and may estimate
axonal loss following chronic papilledema [29].

The retinal nerve fiber layer is composed of the unmyelinated axons that origi-
nate from ganglion cell bodies in the macula [30]. Therefore, degeneration of the
RNFL may lead to decreased average macular thickness reductions, at least in part
secondary to ganglion cell death from retrograde axonal degeneration [31].

Papchenko et al. demonstrated a robust association between visual field sensitiv-
ity using automated perimetry and structural changes in OCT macular thickness in
patients with NAION, suggesting macular thickness could be a surrogate for deter-
mining the extent of neuronal damage in non-glaucomatous optic neuropathy.
Further, there was a topographical correlation between regions of macular thinning
with corresponding visual field loss [32].

Average macular thickness measurements are the summation of multiple layers
of the macula, including diverse cell types with diverse functions. However, recent
advancements in segmentation algorithms have made it possible to measure some
discrete retinal layers. Quantification of the retinal ganglion cell layer in the macula,
therefore, may provide a more specific assessment of a discrete retinal neuronal
population. Analysis of the ganglion cell layer complex (GCC), which is a combina-
tion of the ganglion cell and inner plexiform layers, in the macula has become an
important tool in assessing various optic neuropathies [33-35].

Marzoli et al. showed that measurements of GCC thickness correlated better with
decreases in visual field mean deviation than RNFL measurements in papilledema.
They concluded that mean GCC thickness measurements give a more reliable esti-
mate and an objective estimate of early retrograde optic nerve damage even in cases
without papilledema or visual loss [36]. The NORDIC trial, which included patients
with idiopathic intracranial hypertension (IIH) with mild visual fields loss, showed a
correlation between the GCC measurements below the control fifth percentile and
higher mean deviations on visual fields. Correlations were not seen with mean devia-
tions and increased RNFL thickness [37]. Chen et al. reviewed the OCTs of 31 IIH
patients in a retrospective study to determine the prognosis of visual acuity loss at
initial presentation. Using a custom programmed analysis software, they found GCC
thickness was a reliable objective measurement in predicting visual outcome [38].
Athappilly et al. [39] studied IIH patients with significant papilledema and vision
loss (RNFL thicknesses greater than 200 pm and an average mean deviation on ini-
tial visual fields of —9.0). GCC analysis generated from commercially available soft-
ware showed evidence of optic nerve injury as early as the first follow-up visit.
Despite the presence of papilledema, GCC, in contrast to RNFL, was found to be a
more reliable indicator of optic nerve injury and predictor of symptomatic vision
loss. It was suggested that close follow-up and, if necessary, more aggressive man-
agement when GCC thinning is present could halt, or even reverse visual field loss.
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The authors found that in cases where the RNFL thickness was greater than 200 pm,
GCC analysis was not always reliable, presumably because of axon swelling as well
as subretinal and intraretinal fluid obscuring the GCC (Fig. 9.1).
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Fig. 9.1 A 33-year-old man with idiopathic intracranial hypertension treated with daily acetazol-
amide and optic nerve sheath fenestration in both eyes 5 years prior presented with blurred vision
in both eyes and headache. There was moderate papilledema on fundoscopy and visual field exam-
ination revealed inferior arcuate scotomata in the right and left eyes (a). OCT demonstrated diffuse
thickening on the RNFL bilaterally (b). Ganglion cell layer complex (GCC) analysis revealed
segmental thinning, despite the papilledema (c¢). The opening pressure was elevated on lumbar
puncture, and he underwent left transverse sinus stenting. Post stenting, his visual field examina-
tion remained largely unchanged in the right and left eyes (d). Although the optic disc swelling
significantly improved (e), segmental GCC loss remained apparent in (f)
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Fig. 9.1 (continued)

9.2  Optic Disc Edema Secondary to Ischemia

Non-arteritic anterior ischemic optic neuropathy (NAION) is characterized by abrupt
visual loss with associated optic disc edema [40]. It is believed to be secondary to
disrupted blood flow in a disc with retinal nerve fiber crowding and minimal to no
physiologic cup. Although typically occurring unilaterally, optic disc edema second-
ary to NAION can be confused with papilledema resulting from increased intracra-
nial pressure. Both conditions have been associated with axonal swelling and
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axoplasmic flow stasis in the optic nerve head and can appear similar on ophthalmos-
copy with disc swelling, obscured disc margins, and peripapillary hemorrhages [41].

NAION occurs acutely, and is followed by a period of axonal swelling and sub-
sequent thinning. After atrophy of the retinal ganglion cells has occurred, the optic
neuropathy remains relatively stable [28].

OCT can detect RNFL edema in NAION. In the acute phase, the RNFL of the
involved eye is significantly thicker than the fellow eye, and can be nearly doubled
[42—44]. The mean RNFL from superior, inferior, temporal, and nasal quadrants
have been shown to all be significantly higher than the corresponding normal values
[6]. This corresponds to histopathologic studies [45-48].

Over time, the optic disc edema decreases, and the RNFL undergoes thinning,
corresponding to progressive optic atrophy and pallor. OCT can follow this evolu-
tion of initial thickening and progressive thinning of the RNFL as a proxy for esti-
mating optic disc damage. By 2 months after the NAION event, the RNFL thickness
is similar to the fellow eye, marking resolution of optic disc edema. By 3—4 months,
RNFL thickness is decreased nearly 40% in comparison to the fellow eye. By
12 months, the retinal nerve fiber loss is typically stabilized, with only a 6% further
reduction in RNFL thickness [42, 43]. Resolution of optic disc edema from the
onset of visual acuity loss may be longer in patients with diabetes and maybe shorter
in patients with worse initial visual field and visual acuity loss. Resolution of edema
may be quicker in patients with more severe vision loss because the greater destruc-
tion of axons results in fewer axons to swell and cause edema [44].

Bellusci et al. used OCT to detect different patterns of RNFL damage in 16 eyes
with NAION, classified by visual field (VF) loss. They found that eyes with NAION
and VF loss limited to the inferior hemifield had RNFL atrophy limited to the supe-
rior half of the optic nerve head. Patients with diffuse VF loss had diffuse RNFL
atrophy involving all quadrants around the disc. Patients with central or centrocecal
scotomas had RNFL atrophy limited to the superior and temporal sectors [44].
Alasil et al. found a similar correlation between the peripapillary nerve fiber layer
thinning on OCT and the severity and location of visual field defects. They also
showed that the division between affected and nonaffected hemispheres is more
complicated than the altitudinal defects seen on visual field testing, illustrated by
the greatest relative loss of RNFL to be in the superior quadrant and superotemporal
octant, correlating with visual field loss greatest inferonasally [49].

OCT demonstrates that some patients with optic disc edema secondary to NAION
develop subretinal fluid, similar to that which occurs in papilledema [7, 50]. Hedges
et al. found 8 out of 76 patients with NAION had subfoveal fluid when examined
within 4 weeks of developing acute vision loss. Additional patients had peripapil-
lary subretinal fluid and peripapillary subretinal fluid extending toward, but not
involving, the fovea. OCT findings in the patients with subfoveal fluid included
peripapillary subretinal hyporeflectivity adjacent to the elevated optic nerve head
with retinal nerve fiber thickening and hyporeflectivity under the fovea. Decreased
visual acuity corresponded to degree of macular thickening. Similar to the subreti-
nal fluid reported in some patients with papilledema, in half of the NAION patients
with subretinal fluid, the fluid appeared to extend from the optic disc to the fovea.
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The other half of the patients had subretinal fluid in the peripapillary region and a
separate area of subfoveal fluid. Reduction in OCT RNFL thickness and resolution
of subretinal fluid corresponded to improvement in visual acuity [50].

Optic disc edema as demonstrated by increased RNFL thickness on OCT has lim-
ited prognostic value in patients with NAION; it is not correlated with final RNFL
thickness, visual acuity, or visual field mean deviation. In non-glaucomatous optic
neuropathies, like NAION, greater damage occurs in the papillomacular fibers, with
resultant loss of central acuity. Therefore, although the site of damage occurs at the
optic nerve head, axons have cell bodies in the macula and contribute to macular
thickness [51]. Papchenko et al. studied the macular thickness in addition to the retinal
nerve fiber layer thickness in patients with NAION, and found a stronger correlation
between macular thickness and Humphrey visual field sensitivity than RNFL param-
eters, suggesting that macular thickness may be a surrogate marker for determining
the extent of nerve injury in NAION. They found that in patients with inferior visual
field defects, the total macula thickness and temporal thickness were thinner when
compared to control eyes [32]. Similarly, Fernandez-Beunaga et al. found that nasal
macular thickness correlated with visual acuity in ischemic optic neuropathy [51].

When it became possible to measure the GCC directly, Aggarwal et al. showed a
high correlation of GCC thickness with visual field losses in both magnitude and
location in patients with NAION, with hemispheric GCC loss correlating with alti-
tudinal visual field loss [33]. Larrea et al. showed a significant correlation between
GCC averages at the onset of NAION and visual field losses in both acute and
chronic stages, suggesting that GCC thickness in the acute stage may be a determin-
ing factor to predict final visual field defects, with good correlation between loca-
tion of damage in the GCC in the macular region and location of the scotoma [34].

Erlich et al. compared the pattern of GCC loss between NAION and patients
with optic neuritis at time points less than 2 weeks from onset of symptom,
5-8 weeks, 9-16 weeks, and greater than 16 weeks and found there was a signifi-
cantly greater hemispheric difference in GCC thickness in NAION patients than
optic neuritis at every time-point measured [52]. However, the GCC hemispheric
difference in NAION lessened at time points greater than 16 weeks. This may be
explained by the observation that ganglion cell atrophy extends to a greater area,
beyond one hemisphere, with time. The initial segmental ischemia of the optic nerve
is associated with edema, which may lead to subsequent damage in other areas of
the optic nerve [53, 54] (Fig. 9.2).

In early studies using OCT angiography (OCTA) to analyze the microvacula-
ture of the retina and choroid nerve in NAION patients, flow impairment of the
retinal peripapillary capillaries and peripapillary choriocapillaris was found to
correspond with changes seen in the OCT measurements of the retinal nerve fiber
layer and ganglion cell layer complex and to visual fields defects [55]. Comparison
of acute and chronic NAION showed vessel density was significantly less in
chronic NAION. No difference was seen in the microvasculature of the unaffected
fellow eye of patients with NAION when compared to normal eyes. These find-
ings suggest that OCTA may be a usual tool in diagnosing NAION and monitoring
the course [56].
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Fig. 9.2 A 78-year-old man with hypertension awoke with a dark shadow in his right eye upon
awakening. Humphrey visual fields showed a superior altitudinal visual field defect OD and the
visual field was full OS (a). Fundoscopy and OCT RNFL analysis showed diffuse swelling of the
optic nerve in the right eye (b). Despite the edema on RNFL analysis, there was thinning inferiorly
in the right eye on ganglion cell layer complex (GCC) analysis, suggesting neuronal loss (c). Two
months later, the RNFL measurement normalized (d) in the right eye and GCC showed thinning,
inferior greater than superior (e)
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Fig. 9.2 (continued)

9.3  Optic Disc Edema Secondary to Toxic/Hereditary/
Nutritional Optic Neuropathies

SD-OCT has shed some light on the events occurring at the optic nerve head in
Leber Hereditary Optic Neuropathy (LHON), including a clearer depiction of axo-
nal swelling, which precedes and is present at the time of visual loss. Furthermore,
OCT clearly shows, and can be used to measure, atrophy of the nerve fiber layer
(RNFL) following the acute event, which in most cases, is confined to the papillo-
macular bundle [57-59]. Hedges et al. found that in the early phases of LHON,
when visual acuity begins to decline, the GCC remains relatively normal, while the
RNFL becomes swollen and is frequently associated with peripapillary telangiecta-
sias. Within days, as the vision further declines, the GCC starts to thin. The RNFL
thickening resolves or becomes thin only until the chronic phase in most patients. In
some cases, average RNFL thickness remains relatively normal despite GCC loss,
creating a mismatch between RNFL and GCC thickness measurements. In cases
where RNFL loss is mild, the papillomacular bundle is affected. The degree of GCC
thinning or RNFL loss does not correlate with final visual acuity or visual fields
even if there is visual recovery [60] (Fig. 9.3).
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Fig. 9.3 OCT findings throughout the early acute, late acute, and chronic phases in a 44-year-old
woman LHON with 11,778 mutation. She had decreased vision bilaterally (20/30 and 20/50)
3 weeks after symptom onset. In the early acute phase, ganglion cell layer complex (GCC) defects
are noted bilaterally with RNFL swelling. In the late acute phase, severe GCC thinning is present
with persistent RNFL swelling. In the chronic phase, severe GCC thinning is present with RNFL
thinning noted temporally

In a handful of case reports using OCTA to evaluate LHON, results have shown
that there is temporal radial peripapillary capillaries (RPC) thinning, in the papil-
lomacular bundle, associated with LHON [61, 62]. Matszuki et al., were able to
follow a patient with acute symptoms in one eye and pre-symptomatic in the
other. They found that the RPC thinning and its spread did not precede the symp-
tomatic vision loss. The authors suggest that based on this finding that it is reason-
able to assume the spreading of the RPC less was a secondary association of
RNFL thinning [62].

Barboni et al. analyzed the OCT RNFL and GCC thicknesses of patients with
dominant optic atrophy (DOA) diagnosed with a mutation in the OPA1 gene and
found that, overall, DOA patients have thinner RNFL and GCC measurements com-
pared to age matched healthy subjects. The temporal RNFL was particularly thin
regardless of patients’ visual acuities. Inferior and superior quadrants of the RNFL
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were thinner in the DOA patients with the worse visual acuities compared to those
with milder vision loss. While, the GCC thinning was mostly similar despite differ-
ent visual acuities, further analysis did show significant thinning in the superotem-
poral and superior sectors in the patients with visual acuities between 0.6—1.0 and
0.4-0.5 [63].

In a small case series of three patients, Moura and Monteiro found that 2 of their
patients with a chronic history of vision loss related to excessive alcohol intake and
cigarette smoking showed temporal RNFL thinning using time-domain OCT. The
third patient, whose vision loss had only been present for half of year, very mild
temporal RNFL loss in one eye, but overall the RNFL was thick [64]. Kee and
Hwang, published a case report of one patient with progressive vision loss over the
course of 4 years who had a similar RNFL pattern of thinning and thickening.
Increased RNFL thickness was found to be consistent with OCT findings in a case
of methanol poisoning with severe peripapillary nerve fiber swelling and intra-
retinal fluid accumulation [65], and may be explained with pathologic findings of
mitochondrial swelling and vacuolation in the retinal pigment epithelium, photore-
ceptor inner segments, and optic nerve verified in a rodent model [66, 67]. Klein
et al. showed nasal GCC thinning in one patient who presented 1 month after bilat-
eral decreased vision from methanol and then in follow-up 8 months later. The
selective involvement of the papillomacular bundle fibers is common in toxic optic
neuropathies and represents damage to the small caliber axons rich in mitochon-
dria. Despite severe systemic toxicity, the relative sparing of the optic nerve in this
case enabled characterization of the evolution of methanol toxicity with segmental
GCL involvement and preservation of the RNFL, corresponding to the papillo-
macular bundle [68] (Fig. 9.4).

9.4 Pseudopapilledema
9.4.1 Pseudopapilledema: Vitreopapillary Traction

OCT has been useful in distinguishing other causes of pseudopapilledema, such as
vitreopapillary traction, optic nerve head drusen, myelinated nerve fiber layer, and
Bergmeister papillae.

Posterior vitreous detachment is a dynamic process characterized by the lique-
faction and separation of the posterior vitreous cortex from the inner limiting mem-
brane of the retina. Proliferative disorders, such as the development of premacular
membranes, and tractional disorders, such as macular hole formation can result
from faulty separation at this interface. If the vitreous partially or anomalously sep-
arates from the internal limiting membrane, it can lead to persistent adhesion and
even traction on posterior pole structures [69].

Vitreomacular traction syndrome, a result of a partially or anomalously separated
vitreous face, is a well-known clinical entity that has been well described in the lit-
erature. In 1954, Schepens used the term pseudopapilledema when he demonstrated
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Fig. 9.4 A 19-year-old woman presented with 1 month of bilateral blurred vision, photophobia
and a central scotoma after traveling abroad and ingesting methanol in local made liquor and
requiring hospitalization for methanol toxicity. Visual fields showed bilateral ceocentral defects
(a). OCTs of the RNFL and ganglion cell layer complex (GCC) were unremarkable (b, ¢). At her
8 month follow-up, there was some mild temporal RNFL thinning OU (d) and binasal GCC thin-
ning (e). The selective involvement of the papillomacular bundle fibers is common in toxic optic
neuropathies and represents damage to the small caliber axons rich in mitochondria

the histopathology of partially detached vitreous at the optic nerve head, usually in
the context of co-existing retinal disease [70], such as proliferative diabetic reti-
nopathy [71], central retinal vein occlusion [72], and non-arteritic ischemic optic
neuropathy [73]. Using slit lamp biomicroscopy and ultrasonography, Katz and
Hoyt observed peripapillary and intrapapillary hemorrhage in 8 young patients with
mildly dysplastic discs and persistent vitreopapillary traction, postulating that trans-
mitted forces traumatized disc vessels [74]. In addition, Wisotsky et al. demon-
strated in two patients that vitreopapillary traction could cause highly elevated optic
discs with blurring of the margins [75].

In 2006, Hedges et al. demonstrated by OCT that persistent vitreopapillary trac-
tion could occur as an isolated phenomenon, in the absence of proliferative fibrocel-
lular membranes or vascular insult [76]. Tractional forces from vitreous adhesion on
the optic nerve alone were sufficient in causing optic disc elevation, obscured disc
margins, and peripapillary hemorrhage in these patients [76]. Vitreopapillary trac-
tion has even been shown to cause focal disc leakage on fluorescein angiography
[77]. When occurring bilaterally, vitreopapillary traction can be confused with pap-
illedema, potentially leading to costly and invasive diagnostic procedures and even
unnecessary treatment [77] (Fig. 9.5).
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Fig. 9.5 A 74-year-old man was referred for transient flashes of color in the left eye. Automated
perimetry testing showed minimal temporal enlargement of the bilind spot with no other visual
field loss. Dilated funduscopic examination showed optic disc edema. OCT of the RNFL showed
mild disc edema in the left eye (a). OCT through the macular and optic nerve of the left eye showed
vitreopapilllary and vitreomacular traction (b)

9.4.2 Pseudopapilledema: Optic Nerve Head Drusen

Optic nerve head drusen (ONHD) are calcified hyaline deposits and have been asso-
ciated with small, crowded optic discs [78]. Histopathologically, they are associated
with elevation of the optic nerve head, compression of optic nerve fibers, disc hem-
orrhages, and juxtapapillary retinal scarring [79]. Several predisposing factors for
the development of ONHD have been proposed, including a small scleral canal,
altered axoplasmic transport, and abnormal vasculature [80].

When ONHD are superficially located on the nerve, they can be recognized as
refractile deposits. When they are buried within the optic nerve head, however,
they can be much more difficult to identify by ophthalmoscopy alone. Further, they
can elevate the optic nerve head and obscure the margins of the optic disc. It is
estimated that in approximately 2/3 to 4/5 of cases, ONHD occurs bilaterally [80].
In these cases, ONHD can simulate papilledema. This pseudopapilledema second-
ary to ONHD is typically benign, whereas true papilledema requires emergent
work-up for a potentially life-threatening condition. Thus, differentiating true optic
disc edema caused by papilledema or other optic neuropathies is crucial for the
ophthalmologist.
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Various methods have been used to study buried ONHD, including B-scan ultra-
sonography, fluorescein angiography, computerized tomography, and fundus auto-
fluoresence [81]. Currently, B-scan ultrasonography is the gold standard in the
clinical evaluation of ONHD. Although useful, B-scan ultrasonography necessitates
a skilled ultrasonographer and interpreter, and is not always available. Fluorescein
angiography is also not readily available and may not be compatible for patients
with allergies to shellfish and iodine, which cross react with fluorescein dye. While
fundus autofluorescence is a non-invasive way to diagnose ONHD, buried drusen
may be missed using this modality. Ophthalmologist are unlikely to subject their
patients to radiation to diagnose ONHD with a computerized tomography. OCT,
however, is a widely available and has been shown to give information regarding the
size, structure, and location of ONHD within the optic disc.

Thinning of the RNFL OCT is often associated with optic atrophy, and thicken-
ing of the RNFL OCT is often associated with optic disc edema [82]. However, both
ONHD and optic disc edema can present with either RNFL thinning or RNFL thick-
ening on OCT [83]. Therefore, the presence or absence of RNFL thinning or thick-
ening alone does not help the clinician distinguish between ONHD and optic disc
edema [84].

Savini et al. examined 9 patients with optic disc edema due to various causes. In
addition to noting a significant increase in the mean RNFL thickness in all optic
nerve quadrants in patients with optic disc edema, they described a triangular-
shaped hyporeflective subretinal space above the retinal pigment epithelium, pos-
sibly representing subretinal fluid, with the widest part of the triangle abutting the
optic nerve head and the tapered apex pointing away. They hypothesized that swell-
ing induced by the optic disc edema could produce an upward traction producing a
subretinal space with the hydrostatic forces overcoming osmotic forces [28].

Expanding on this idea of subretinal hyporeflective space, Johnson et al., used
OCT images to examine the qualitative and quantitative differences between ONHD
and optic disc edema. They found that patients with ONHD tended to have an ele-
vated optic nerve head with a “lumpy bumpy” internal optic nerve contour, a rapid
and abrupt decline in subretinal hyporeflective space with a normal thickness at the
2.0 mm radius, and normal or mildly increased RNFL thickness with the nasal RNFL
being less than 86 um. Patients with optic disc edema, on the other hand, had an
elevated optic nerve head with a smooth internal contour, a recumbent “lazy V” pat-
tern of the subretinal hyporeflective space with an increased thickness at the 2.0 mm
radius, and an increased RNFL thickness with a nasal RNFL greater than 86 pum.
They found a nasal RNFL thickness greater than 86 pm has 80% specificity and a
subretinal hyporeflective space thickness greater than 169 pm at 2.0 mm radius has
90% specificity in differentiating between optic disc edema and ONHD [81].

Using SD-OCT, Lee et al. found ONHD to be focal, hyperreflective subreti-
nal masses with distinct margins. They found the RNFL to be deformed with
high reflectance and the ONHD to be beneath the outer nuclear layer and on the
retinal pigment epithelium. They proposed that the increased thickness and
deposition of axonal transport materials in the RNFL in optic disc edema could
increase peripapillary RNFL reflectance and induce shadowing of the
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underlying retinal layers, mimicking subretinal fluid space rather than repre-
senting it. Like Johnson et al., they found RNFL thickness in the nasal section
to be a good differential marker for optic disc edema from ONHD, with a thin-
ner cut-off value of 78 pm [84].

Enhanced depth imaging OCT (EDI-OCT), a technique developed to give supe-
rior imaging quality of the deeper structures of the retina and optic nerve head, has
also shown useful in detecting ONHD. Merchant et al., in an analysis of 34 patients
with clinically visible or suspected ONHD based on ophthalmoscopy or optic disc
stereophotography, EDI OCT had a significantly higher ONHD detection rate than
B-scan ultrasound [85] (Fig. 9.6).

9.4.3 Pseudopapilledema: Bergmeister’s Papilla and Myelinated
Nerve Fiber Layer

OCT can help characterize other conditions causing pseudopapilledema. In cases of
myelinated retinal nerve fiber layer, OCT can show significant hyper-reflectivity
and increased thickness of the RNFL in the area of the myelinated fibers [86, 87].
The recent use of wide field three-dimensional swept source OCT (SS-OCT), which
utilizes better sensitivity with imaging depth and longer imaging range, has enabled
enhanced imaging of vitreous and vitreo-retinal interface. SS-OCT can offer supe-
rior resolution of vitreo-retinal entities, such as Bergmeister’s papillae that may
simulate papilledema [88] (Fig. 9.7).
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Fig.9.6 A 16-year-old woman was referred for left visual field loss. On examination, visual acu-
ities were 20/20 in both eyes, there was no afferent papillary defect, and color vision was pre-
served. The optic discs were crowded in both eyes (a, b) with multiple optic nerve head drusen
(ONHD) in the left eye (b). Fundus auto-fluorescence was unremarkable in the right eye (c¢) and
revealed numerous round lesions with hyper auto-fluorescence on the optic nerve head in the left
eye corresponding with ONHD (d). Visual fields showed superior arcuate defect in the left eye (e).
OCT through the optic nerve showed multiple rings of hyper-reflectivity with internal hypo-
reflectivity corresponding with the ONHD (f). OCT of the RNFL showed thinning superiorly and
inferiorly in the left eye (g)
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Fig. 9.7 A 43-year-old woman was referred for pain in her left eye. Incidentally, a small tuft of
tissue was visualized at the optic disc (a, b) and appeared to be continuous with the optic disc on
OCT (c), consistent with Bergmeister papillae
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