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Purpose of review

Optic nerve head elevation can be associated with vision loss. This review provides an update regarding
key features of optic disc drusen (ODD) compared with papilledema from increased intracranial pressure
and optic disc edema from other causes.

Recent findings

Clinical history and funduscopic examination are not sufficient to correctly diagnose different causes of
optic nerve head elevation. Multimodal ophthalmic imaging is noninvasive and should be used as first-line
diagnostic testing to distinguish optic disc edema or papilledema from pseudoedema. Advanced
ophthalmic imaging, including enhanced depth imaging optical coherence tomography (EDI-OCT) and
autofluorescence imaging, can visualize ODD at high resolution and determine whether there is optic disc
edema. OCT angiography does not require contrast and can rapidly visualize papillary, peripapillary, and
macular microvasculature and identify important vascular biomarker of ischemia and, potentially, visual
prognosis.

Summary

Multimodal ophthalmic imaging can help in the diagnosis of ODD and optic disc edema and identify
patients at high risk of vision loss and neurological issues in order to ensure appropriate diagnosis and
treatment.
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INTRODUCTION

Optic nerve head elevation is an important physical
examination finding in the evaluation of patients
with visual disturbances or vision loss. It may be
associated with optic disc edema or not (pseudoe-
dema). Common causes of optic nerve head eleva-
tion because of optic disc edema include elevated
intracranial pressure (papilledema), optic neuritis
(papillitis), diabetic or hypertensive papillitis, ante-
rior ischemic optic neuropathy (AION), neuroreti-
nitis, uveitis, compression, or infiltration [1–3].
Excellent reviews on different causes of optic disc
edema have been published elsewhere [1,4,5].

An important cause of optic disc pseudoedema
is optic disc drusen (ODD), which are acellular,
extracellular concentric mucoprotein deposits that
are often calcified and found in the unmyelinated
optic nerve [6–8,9

&

]. An apparent fullness of the
optic disc may also be because of congenitally
anomalous optic disc. These structural changes of
the optic disc are not neurological emergencies and
do not require extensive and sometimes invasive
testing, in contrast to optic disc edema or papille-
dema. However, careful ophthalmic assessment is
important as these patients are at risk of vision loss.
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KEY POINTS

� In most cases of optic nerve head elevation, clinical
history, and ophthalmoscopic examination of the optic
nerve may be not sufficient to make the correct
diagnosis. Multimodal ophthalmic imaging, especially
EDI-OCT, can help distinguish optic disc edema
from pseudoedema.

� Optic nerve head elevation because of ODD is a
common cause of pseudoedema and is not a
neurological emergency. However, these patients are
at risk of vision loss, such as young-onset anterior
ischemic optic neuropathy (ODD-AION).

� Optical coherence tomography angiography, which
does not require contrast, can detect microvascular
changes in papillary, peripapillary, and macular
regions. Vascular compromise can occur in severe
ODD, papilledema, and optic disc edema, leading to
secondary anterior ischemic optic neuropathy and
irreversible vision loss.
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Multimodal imaging provides information beyond
the physical examination and can help narrow
down differential diagnosis.

This review aims to: describe key characteristics
of ODD, compare clinical characteristics and key
ophthalmic imaging features of ODD, papilledema,
and optic disc edema, and provide an update regard-
ing ODD and patients with concurrent ODD and
optic disc edema. Evaluation and recognition of key
Table 1. Clinical characteristics of optic disc drusen, papilledema

Features Optic disc drusen Papilledem

Visual symptoms May have none
Associated with transient visual

obscuration
May have peripheral visual field

constriction or decreased visual
acuity in severe cases

Associated with sudden vision loss
with vascular complications

May have n
Associated

obscurati
May have p

constrictio
in severe

Associated
vascular

Visual field defect May be normal
Most common: enlarged blind

spot, nasal step, altitudinal
visual field loss, constricted
visual field

May be no
Most comm

nasal step
constricte

Other neurological
symptoms or
syndrome

None in idiopathic ODD
Rarely, ODD is associated with

conditions, such as retinitis
pigmentosa, Joubert syndrome,
Alagille syndromes, DiGeorge
syndrome, and
pseudoxanthoma elasticum

Commonly
tinnitus, d
cranial n

Can be due
hypertens
hemorrha
venous th

AION, anterior ischemic optic neuropathy; ODD, optic disc drusen.
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features of ODD and different causes of optic disc
edema will ensure that patients receive appropriate
diagnostic workup and treatment.
OPTIC DISC DRUSEN AS A COMPRESSIVE
OPTIC NEUROPATHY

ODD are present in 0.3–2.0% of general population
[10–12]. ODD may be found incidentally in patients
with no visual symptoms as part of a routine oph-
thalmic examination, or during workup for head-
ache and optic nerve head elevation. ODD are by far
most common in Caucasians [12]. They are typically
idiopathic but can occur in families with an autoso-
mal dominant inheritance pattern. In addition,
ODD can occur in the setting of systemic or ocular
genetic syndromes (Table 1) [12–17].

Although the cause is unknown, ODD forma-
tion may be related to axonopathy or abnormal
axonal transport in congenitally crowded optic
discs, leading to axonal rupture and release of abnor-
mal mitochondria that serve as a nidus for drusen
formation [6–8]. ODD is more common in congeni-
tal optic nerve dysplasia or genetically determined
small scleral canal [18]. ODD is typically present at
birth or early childhood and increases in size and
number over the adolescence and move from deep
to superficial with increasing age [17]. Over time,
enlarged ODD can compress and compromise
neighboring axons and blood supply, leading to
visual field loss.
, and optic disc edema

a Optic disc edema

one early
with transient visual
on, diplopia
eripheral visual field
n or decreased visual acuity
cases
with sudden vision loss with
complications

Depends on etiology
Optic neuritis associated with

severe vision loss,
dyschromatopsia

AION may have dense inferior,
superior, or central vision loss

Visual disturbance may vary with
eye movement in severe edema

rmal
on: enlarged blind spot,
, altitudinal visual field loss,

d visual field

Depends on etiology. May have
central scotoma or altitudinal
visual field defect. Often
abnormal in optic neuritis and
AION. Sometimes normal

associated with pulsatile
izziness, nausea/vomiting,

europathies
to idiopathic intracranial

ion, brain tumor,
ge, meningoencephalitis,
rombosis, and trauma

Optic neuritis may be associated
with multiple sclerosis or other
neurological issues
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Neuro-ophthalmology
DISC EDEMA OR PSEUDOEDEMA?

Clinical history and fundoscopic examination
cannot reliably distinguish disc edema from
pseudoedema

In most cases of optic nerve head elevation, clinical
history and optic nerve examination are not suffi-
cient to make the correct diagnosis. There are many
overlapping clinical characteristics, and patients can
present with normal vision or relatively nonspecific
visual disturbances (Table 1). Patients with ODD or
papilledema commonly have normal central vision,
whereas those with optic disc edema because of
optic neuritis or AION typically have symptomatic
vision loss.

On funduscopic examination, most causes of
optic nerve head elevation look similar – the optic
disc is full and elevated, and there is blurred disc
margin and small cup-to-disc (C/D) ratio (Table 2).
There may be venous congestion and dilation, peri-
papillary arteriolar irregularity or narrowing, and
signs of ischemia. These are important signs of
vascular compromise that should heighten aware-
ness for risk of sudden vision loss.
Table 2. Optic disc appearance and imaging features of optic d

Features Optic disc drusen Papilledema

Optic nerve
head
appearance

Full, raised optic disc with irregular, lumpy
bumpy appearance, blurred disc margin.
ODD may be highly refractile.

C/D ratio: absent to very small.
Color: yellow to slightly pale
Vascular: venous dilatation, papillary/

peripapillary arteriolar irregularity or
narrowing, typically no hemorrhage

SVP: typically present
Typically bilateral
Do not have exudate, cotton wool spots,

Paton’s lines, retinal and choroidal folds.

Full, raised opt
margin. Acu
raised, chron

C/D ratio: abs
Color: normal o
Vascular: venou

peripapillary
obscuration.
hemorrhages

SVP: subtle or a
Typically bilate
May have exud

Paton’s lines,

Multimodal
ophthalmic
imaging

Autofluorescence: bright
FA: early, late nodular staining, late

circumferential staining, no optic disc
leakage unless has superimposed disc edema

OCT B-scan: irregularly raised optic disc
contour. ODD has hyporeflective core with
bright anterior edge. hyperreflective
horizontal lines. Typically V-shaped or flat
RPE/BM layer.

PHOMS: common
En face NIR: gray to white pearl-like structures

on the disc. PHOMS appear as hyper-
reflective ring or cresent around the disc.

RNFL: not typically thickened, maybe thinned.
B ultrasonography: presence of hyperechogenic

focus at low gain in calcified ODD.

Autofluorescenc
FA: prominent
OCT B-scan: ra

Peripapillary
Inverted U-sh

PHOMS: may b
En face NIR: O

zone or a hy
depending o
elevation. M
retinal or cho

RNFL: thickened
B ultrasonograp

and increase
diameter.

Orbit CT/MRI Typically normal on MRI
ODD may be bright on CT.

Flatten posterio
nerve sheath
tortuosity.

AION, anterior ischemic optic neuropathy; C/D: cup-to-disc ratio; CT, computed tom
NIR: near infrared reflectance, OCT, optical coherence tomography; ODD, optic dis
RNFL: retinal nerve fiber layer, RPE/BM: retinal pigment epithelium/Bruch’s membra
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Typical appearance of optic disc drusen on
color fundus photography and fluorescein
angiography

Eyes with ODD have a lumpy-bumpy, raised appear-
ance with blurred disc margins, and visible ODD
may appear strikingly optically refractile during
ophthalmoscopy (Fig. 1) (Table 2). Buried ODD
are not visible on ophthalmoscopy but may mimic
papilledema, especially in pediatric bilateral cases
(Frisén grades 1 or 2). On fluorescein angiography,
ODD have early or late nodular staining of the disc
and late circumferential peripapillary staining with-
out any early or late leakage [19].
Typical appearance of papilledema and optic
disc edema on color fundus photography and
fluorescein angiography

Optic disc in papilledema typically exhibits hyperemia,
dilatedandtortuousveins, andsplinterhemorrhages in
acute cases, or smooth, champagne cork-like elevation
in chronic cases. Different causes of optic disc edema
may look slightly different [1]. Severe papilledema and
optic disc edema may be associated with narrowed or
isc drusen, papilledema, and optic disc edema

Optic disc edema

ic disc with blurred disc
te papilledema is more
ic, more diffuse.

ent to very small.
r hyperaemic.
s dilatation, papillary/
arteriolar narrowing or
May have splinter
.
bsent.

ral
ate, cotton wool spots,
retinal and choroidal folds.

Full, raised optic disc with blurred disc margin.
Variable depending on condition.

C/D ratio: absent to very small.
Color: normal or hyperemic, pale in arteritic

AION.
Vascular: venous dilatation, papillary/

peripapillary arteriolar narrowing or
obscuration. May have splinter
hemorrhages.

SVP: typically present
Unilateral or bilateral
May have exudate, cotton wool spots, Paton’s

lines, retinal and choroidal folds.

e: dark.
disc leakage
ised optic disc contour.
edema and exudate.
ape or flat RPE/BM layer.
e present
ptic disc appears as a dark
perreflective ring
n the severity of disc
ay have Paton’s lines,
roidal folds.
in acute papilledema.

hy: optic disc elevation
d optic nerve sheath

Autofluorescence: dark
FA: prominent disc leakage
OCT B-scan: raised optic disc contour. May

have peripapillary edema and exudate.
Typically V-shaped or flat RPE/BM layer in
papillitis and AION, and inverted U-shaped
in optic nerve sheath meningioma.

PHOMS: may be present
En face NIR: Optic disc appears as a dark

zone or a hyperreflective ring depending on
the severity of disc elevation. May have
Paton’s lines, retinal or choroidal folds

RNFL: thickened in acute optic disc edema.
B ultrasonography: May exhibit optic disc

elevation.

r globe, increased optic
diameter, optic nerve

Enhancement of optic nerve or optic nerve
sheath.

ography; FA, fluorescein angiography; MRI: magnetic resonance imaging,
c drusen; PHOMS, peripapillary hyperreflective ovoid mass-like structures;
ne, SVP, spontaneous venous pulsation.
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FIGURE 1. Multimodal ophthalmic imaging and static perimetry in five eyes with pseudoedema or papilledema, including
color fundus imaging, optical coherence tomography, and fundus autofluorescence imaging. (a) Anomalous optic disc (left
eye) of a patient with myopia and normal visual field. Color fundus imaging shows nasal optic disc is elevated with blurred
margin, and there is no disc hyperautofluorescence or visual field defect. Optical coherence tomography (OCT) shows
peripapillary hyperreflective ovoid mass-like structures (PHOMS) and a V-shaped retinal pigmental epithelium/Bruch’s
membrane (RPE/BM) layer. (b) ODD (left eye) with diffuse blurring of the disc margin and no visible superficial drusen. On
autofluorescence imaging, there are slightly bright clusters of ODD. On OCT, there is prominent elevation of the optic nerve
head on OCT. OCT shows ODD have signal poor core with anterior hyperreflective margin, and horizontal hyperreflective
lines. There is a V-shaped RPE/BM layer and minimal visual field loss (c) ODD (right eye) with nonarteritic anterior ischemic
optic neuropathy (ODD-AION). Same patient as (b). On color imaging, there is diffusely blurring of the disc margin involving
the entire peripapillary area because of optic disc edema superimposed on ODD. ODD look like yellowish refractile deposits
on the disc, which look like bright clusters on AF imaging. OCT shows characteristic findings of ODD and a V-shaped RPE/
BM layer. Static perimetry revealed superior visual field defect involving central vision because of ODD-AION. (d) Right > left
papilledema (right eye is shown on the left) showing blurred nasal disc margin, no hyperautofluorescence, inverted U-shaped
RPE/BM layer in both eyes, and no visual field loss. AF, autofluorescence; AION, anterior ischemic optic neuropathy; OCT,
optical coherence tomography; ODD, optic disc drusen; ODD-AION, ODD-associated AION; PHOMS, peripapillary
hyperreflective ovoid mass-like structures; RPE/BM, retinal pigment epithelium/Bruch’s membrane.
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obscured papillary arterioles (optic disc ischemia), cot-
ton wool spots (nerve fiber layer ischemia), exudates,
Paton’s lines, and retinal and choroidal folds [20].
Spontaneous venous pulsation may be subtle or absent
in papilledema but visible in at least one eye in optic
disc edema. On fluorescein angiography, papilledema
1350-7540 Copyright � 2020 The Author(s). Published by Wolters Kluwe
is associated with normal perfusion, excess vascularity,
andearlyaswell as late stainingof theopticdisc [21,22].
Nonischemic optic disc edema is also associated with
normal perfusion of the optic disc, whereas most cases
of optic disc edema from AION have significantly
delayed filling of the optic disc [23].
r Health, Inc. www.co-neurology.com 111
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OPTICAL COHERENCE TOMOGRAPHY
IMAGING OF OPTIC NERVE HEAD
ELEVATION

The role of ophthalmic imaging is to provide high
resolution imaging of the eye that is not readily avail-
able on fundoscopic examination [24]. Figure 1 shows
examples of common causes of optic nerve head
elevation, including anomalous optic disc, ODD,
non-arteritic AION in ODD (ODD-AION), and papil-
ledema (Fig. 1). On color fundus imaging, they all
show blurring of disc margins, whereas optical coher-
ence tomography (OCT) shows clear differences
among them. OCT imaging of anomalous optic disc
shows elevation of optic nerve head because of peri-
papillary hyperreflective ovoid mass-like structures
(PHOMS) (Fig. 1a), and OCT imaging of ODD shows
elevation because of multiple masses with signal poor
core and anterior hyperreflective margin typical of
ODD (Fig. 1b). In ODD-AION and papilledema, optic
nerve head swelling is because of thickening of the
retinal nerve fiber layer and edema (Fig. 1c and d).
Enhanced-depth imaging optical coherence
tomography as gold standard for diagnosis
of optic disc drusen

Since its introduction in the 1990s, OCT has allowed
easy visualization of optic nerve head and quantifica-
tion of various parameters, such as optic disc volume,
subretinal fluid, thickness of the retinal nerve fiber
layer, ganglion cell complex, and posterior pole struc-
tures [5,24,25]. On spectral-domain OCT, enhanced-
depth imaging OCT (EDI-OCT) was initially described
for imaging thechoroidal circulation [26]. In 2018, the
Optic Disc Drusen Studies (ODDS) Consortium rec-
ommended EDI-OCT as the new gold standard for the
diagnosis of ODD [27

&&

]. On EDI-OCT, ODD look like
deposits of variable sizes located in the anterior optic
nerve, and they are often associated with PHOMS and
horizontal hyperreflective lines [18]. PHOMS can be
seen in 74% of eyes with ODD [27

&&

], which are local-
ized peripapillary dysmorphic retinal ganglion cell
axons but not drusen [9

&

]. PHOMS can also exist in
congenital anomalous discs (Fig. 1), high myopic eyes
with tilted discs, and papilledema [28]. EDI-OCT can
quantify drusen volume and anatomic location,
although this is relatively time consuming and
requires some training. Larger ODD volume was dem-
onstrated to be associated with worse visual field [29].
ODD are associated with decreased retinal nerve fiber
layer thickness in corresponding sectors [30]. A study
including 47 eyes with ODD used three-dimensional
reconstruction software assessed ODD volume using
EDI-OCT scans and shows that ODD volume is corre-
lated with retinal nerve fiber layer thickness and static
perimetry mean deviation [31]. Another study uses
112 www.co-neurology.com
three-dimensional swept-source OCT to quantify
ODD volume and show that ODD ranges from 0.24
to 1.05 mm3, and volume is correlated with visual field
loss [32].
Peripapillary retinal pigment epithelium and
Bruch’s membrane shapes

On OCT, different causes of optic nerve head eleva-
tion have different peripapillary retinal pigment
epithelium (RPE) shape at the Bruch’s membrane
opening. The RPE/ Bruch’s membrane (BM) layer in
papilledema has an inverted U shape that turns
toward the vitreous [33] (Fig. 1d). This altered
RPE/BM shape turning toward the vitreous is
thought to be the result of altered translaminar
pressure, with relatively higher intracranial pressure
relative to the intraocular pressure. In contrast, in
normal controls and in patients with ODD or optic
disc edema other than papilledema, the RPE/BM
layer is either flat or has a V-shape pointed away
from vitreous [33,34] (Fig. 1b and c).
Eye movement induced mechanical distortion
of the peripapillary retina

Eye movement induces mechanical distortion,
shearing, and strains on the peripapillary tissue,
and this may be differentially impacted by optic
nerve head pathology. A study of 45 eyes with
papilledema, 15 eyes with AION, and 20 controls
shows that adduction leads to a relative posterior
displacement of the RPE/BM layers temporal to the
optic disc and a relative anterior displacement of the
RPE/BM layers nasal to the disc, which reverses with
abduction [35]. This seesaw-like distortion with hor-
izontal eye movement was more prominent in pap-
illedema than normal and AION eyes [35] and causes
peripapillary choroidal folds [36]. Another study
from the same group shows that this seesaw-like
distortion because of horizontal eye movement is
also present in eyes with ODD and induces signifi-
cant shearing deformations of the peripapillary ret-
ina and intrapapillary tissues [37]. The clinical
importance of gaze-induced optic disc deformations
is unknown but repetitive motion may be a factor in
the genesis or progression of optic neuropathies.
EN FACE OPHTHALMIC IMAGING OF
OPTIC DISC DRUSEN AND PAPILLEDEMA

Autofluorescence imaging of optic disc drusen

En face ophthalmic imaging is readily available at
point-of-care locations. Fundus autofluorescence
imaging uses blue or green filter sets to detect
Volume 34 � Number 1 � February 2021
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ODD [38
&

,39]. Autofluorescence imaging is nonin-
vasive (no contrast used), easy to interpret, and
quick to obtain. The optic disc is normally dark
on autofluorescence imaging (Fig. 1a and d),
whereas ODD appear bright or hyperautofluores-
cent (Fig. 1b and c). Autofluorescence imaging
can most easily identify visible ODD, which displays
focal autofluorescence with irregular edges in 93–
100% of eyes [19,40] (Fig. 1b and c). For buried ODD,
the sensitivity varies from 12 to 92% depending on
the location of the drusen [19,40,41]. Larger drusen
volume and more superficial anatomic location sig-
nificantly affected the sensitivity of autofluores-
cence imaging [42]. Using a novel confocal
scanning device, which enables acquisition without
pharmacologic pupillary dilation, the location of
hyperautofluorescence in ODD was found to be
associated with thinning of the RNFL and visual
field defects [38

&

].
Sometimes, multimodal imaging instrument is

built as part of OCT devices and capable of scanning
with three wavelengths of light simultaneously:
488 nm (blue), 536 nm (green), and 786 nm [near
infrared reflectance (NIR)] [43]. It can also be used to
distinguish papilledema and optic disc edema from
pseudoedema. In papilledema, there is consistently
a green shift and an elevated green ring [43]. This
ring is also hyperreflective on the blue and green
images and surrounded a central shadow, which is
seen best on near infrared reflectance (NIR) [43]. In
optic disc edema, the optic disc has a greenish
hyperreflectance that extends beyond the optic disc
margins with irregular blurry margins and obscured
disc vasculature, whereas pseudoedema has a green-
ish hyperreflectance with clear and distinct margins
and well delineated disc vasculature [44].
Vascular imaging of optic disc drusen using
optical coherence tomography angiography

Retinal vasculature is often affected in optic nerve
head swelling. Historically, fluorescein angiography
is the most commonly used method, although it
requires an intravenous fluorescein injection which
carries risk of adverse reaction. Optical coherence
tomography angiography (OCTA) is an emerging
vascular imaging technique that does not require
contrast. OCTA images vessels based on flow char-
acteristics and can different layers of retinal vascu-
lature can be segmented individually. Comparison
of fluorescein angiography and OCTA revealed that
OCTA was superior in imaging the radial peripapil-
lary and deep capillary networks [45]. Image averag-
ing can improve noisy OCTA data [46] and detailed
vascular measurements are possible, including ves-
sel area density, vessel skeleton density, vessel
1350-7540 Copyright � 2020 The Author(s). Published by Wolters Kluwe
diameter index, vessel perimeter index, and vessel
complexity index [47].

OCTA studies have found that focal peripapillary
microvascular attenuation corresponds to ODD
[48,49] and that large ODD volume is associated with
lower peripapillary superficial capillary plexus vessel
density [50]. Several studies show that in general,
ODD are associated with significantly reduced peri-
papillary vessel density, and that this reduction cor-
relates with the OCT retinal nerve fiber layer or
ganglion cell complex thickness [51,52] and visual
field defect [53]. Yan et al. performed hierarchical
clustering of 5 key OCT and OCTA parameters in
ODD patients with different severities of visual field
loss and found that increased macular vessel diameter
and flow were associated with mild visual field defect
[54

&

]. In contrast, decreased peripapillary vessel den-
sity, retinal nerve fiber layer, and ganglion cell com-
plex thickness were associated with moderate to
severe visual field loss, suggesting that a combination
of OCTA and OCT changes may serve as early and late
biomarkers in patients with ODD [54

&

].
OPTIC DISC DRUSEN WITH CONCURRENT
OPTIC DISC EDEMA

Optic disc drusen with superimposed optic
disc edema

A minority of patients with ODD may have concur-
rent optic disc edema. In a study of 102 patients with
ODD (mean 37 years, range 8–90 years), 11% was
found to have coexistent optic disc edema because
of papilledema (46%), nonarteritic AION (30%), or
uveitis (7%) [36]. Although thickening of the retinal
nerve fiber layer analysis on OCT is a common
finding in papilledema, this measurement alone
does not adequately identify those with ODD and
concurrent optic disc edema. In contrast, the pres-
ence of retinal and choroidal folds in en face imaging
may be more specific for optic disc edema in ODD
[36].
Optic disc drusen with anterior ischemic
optic neuropathy

Eyes with ODD are at risk for acute visual loss
because of vascular compromise and ischemia. An
example of AION in the setting of ODD (ODD-
AION) is shown in Fig. 1c. On color imaging, there
is prominent optic disc edema that spreads into the
peripapillary area, and on autofluorescence imag-
ing, the optic disc border is much enlarged and
indistinct because of optic disc edema and displace-
ment of the normally bright lipofuscin-containing
RPE (Fig. 1c).
r Health, Inc. www.co-neurology.com 113
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AION is the most common ischemic complica-
tion in young patients with bilateral and buried
ODD [55,56,57

&&

,58], and ODD eyes are also at risk
for retinal artery or vein occlusion and choroidal
neovascularization. Nonarteritic AION is the most
common acute optic neuropathy in patients older
than 50 years old, with incidence of 2.3–10.2 cases
per 100,000 persons 50 years of age or older [59,60].
In studies of young onset nonarteritic AION (range
15–50 years), slightly more than 50% of patients
had ODD-AION compared with 2% in general pop-
ulation [58,61

&&

]. Comparison of patients with
ODD-AION and nonarteritic AION (similar age)
reveals that significantly more ODD-AION patients
have no vascular risk factors, consistent with ODD
as an independent risk factor for AION [57

&&

,61
&&

].
CONCLUSION

The diagnosis of patients with optic nerve head
elevation should focus on a combination of history,
neuro-ophthalmic examination, and multimodal
ophthalmic imaging. This careful approach can help
distinguish ODD, papilledema, and optic disc
edema of various types and avoid unnecessary brain
MRI and invasive lumbar puncture procedure in
those without optic disc edema. Patients with
ODD may have concurrent optic disc edema from
papilledema or AION, so clinical suspicion and
multimodal ophthalmic imaging are critical to cor-
rectly identify these patients who are at high risk of
vision loss. In the future, more studies are needed to
validate imaging biomarkers of optic nerve head
elevation and identify features that are not just
diagnostic but also prognostic of visual outcome.

Acknowledgements

None.

Financial support and sponsorship

This was supported by the National Eye Institute P30
EY026877 and an unrestricted grant from Research to
Preventing Blindness, Inc.

Conflicts of interest

There are no conflicts of interest.
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest
1. Van Stavern GP. Optic disc edema. Semin Neurol 2007; 27:233–243.
2. Hayreh SS. Pathogenesis of optic disc edema in raised intracranial pressure.

Prog Retin Eye Res 2016; 50:108–144.
114 www.co-neurology.com
3. Scott IU, Flynn HW Jr, Al-Attar L, et al. Bilateral optic disc edema in patients
with severe systemic arterial hypertension: clinical features and visual acuity
outcomes. Ophthalmic Surg Lasers Imaging 2005; 36:374–380.

4. Rebolleda G, Kawasaki A, de Juan V, et al. Optical coherence tomography to
differentiate papilledema from pseudopapilledema. Curr Neurol Neurosci Rep
2017; 17:74.

5. Costello F, Malmqvist L, Hamann S. The role of optical coherence tomography
in differentiating optic disc drusen from optic disc edema. Asia Pac J
Ophthalmol (Phila) 2018; 7:271–279.

6. Spencer WH. XXXIV Edward Jackson Memorial Lecture: drusen of the optic
disc and aberrant axoplasmic transport. Ophthalmology 1978; 85:21–38.

7. Boyce SW, Platia EV, Green WR. Drusen of the optic nerve head. Ann
Ophthalmol 1978; 10:695–704.

8. Tso MO. Pathology and pathogenesis of drusen of the optic nervehead.
Ophthalmology 1981; 88:1066–1080.

9.
&

Skougaard M, Heegaard S, Malmqvist L, et al. Prevalence and histopatho-
logical signatures of optic disc drusen based on microscopy of 1713
enucleated eyes. Acta Ophthalmol 2020; 98:195–200.

Histopathologic studies of 31 eyes with ODD.
10. Lorentzen SE. Drusen of the optic disk. A clinical and genetic study. Acta

Ophthalmol (Copenh) 1966; (Suppl 90):91–180.
11. Friedman AH, Beckerman B, Gold DH, et al. Drusen of the optic disc. Surv

Ophthalmol 1977; 21:373–390.
12. Chang MY, Pineles SL. Optic disk drusen in children. Surv Ophthalmol 2016;

61:745–758.
13. Palmer E, Gale J, Crowston JG, et al. Optic nerve head drusen: an update.

Neuroophthalmology 2018; 42:367–384.
14. Postolache L. Abnormalities of the optic nerve in down syndrome and

associations with visual acuity. Front Neurol 2019; 10:633.
15. Pipelart V, Leroux B, Leruez S, et al. A study of optic nerve head drusen in 38

pseudoxanthoma elasticum (PXE) patients (64 eyes). Location of optic nerve
head drusen in PXE. J Fr Ophtalmol 2019; 42:262–268.

16. White RJ, Watson DJ, Koozekanani DD, et al. Association of optic nerve head
drusen with best vitelliform macular dystrophy: a case series. Case Rep
Ophthalmol 2018; 9:76–86.

17. Rotruck J. A review of optic disc drusen in children. Int Ophthalmol Clin 2018;
58:67–82.

18. Hamann S, Malmqvist L, Costello F. Optic disc drusen: understanding an old
problem from a new perspective. Acta Ophthalmol 2018; 96:673–684.

19. Pineles SL, Arnold AC. Fluorescein angiographic identification of optic disc
drusen with and without optic disc edema. J Neuroophthalmol 2012;
32:17–22.

20. Sibony PA, Kupersmith MJ, Feldon SE, et al., OCT Substudy Group for the
NORDIC Idiopathic Intracranial Hypertension Treatment Trial. Retinal and
choroidal folds in papilledema. Invest Ophthalmol Vis Sci 2015;
56:5670–5680.

21. Cartlidge NE, Ng RC, Tilley PJ. Dilemma of the swollen optic disc: a
fluorescein retinal angiography study. Br J Ophthalmol 1977; 61:385–389.

22. D’Ettorre M, Nardini M, Menchini U, et al. Fluorescein retinal angiography in
the early diagnosis of optic disc edema. Eur Neurol 1981; 20:401–410.

23. Arnold AC, Badr MA, Hepler RS. Fluorescein angiography in nonischemic
optic disc edema. Arch Ophthalmol 1996; 114:293–298.

24. Chwalisz BK, Bouffard MA, Prasad S, et al. Neuroimaging diagnostic and
monitoring approaches in ophthalmology. Curr Opin Neurol 2018;
31:66–73.

25. Kardon R. Optical coherence tomography in papilledema: what am I missing?
J Neuroophthalmol 2014; 34(Suppl):S10–S17.

26. Spaide RF, Koizumi H, Pozzoni MC. Enhanced depth imaging spectral-
domain optical coherence tomography. Am J Ophthalmol 2008; 146:
496–500.

27.
&&

Malmqvist L, Bursztyn L, Costello F, et al. The optic disc drusen studies
consortium recommendations for diagnosis of optic disc drusen using optical
coherence tomography. J Neuroophthalmol 2018; 38:299–307.

Recommendation of EDI-OCT as gold standard in diagnosis of ODD by the ODD
Studies Consortium.
28. Malmqvist L, Sibony PA, Fraser CL, et al. Peripapillary ovoid hyperreflectivity in

optic disc edema and pseudopapilledema. Ophthalmology 2018; 125:
1662–1664.

29. Malmqvist L, Lindberg AW, Dahl VA, et al. Quantitatively measured anatomic
location and volume of optic disc drusen: an enhanced depth imaging optical
coherence tomography study. Invest Ophthalmol Vis Sci 2017; 58:
2491–2497.

30. Teixeira FJ, Marques RE, Mano SS, et al. Optic disc drusen in children:
morphologic features using EDI-OCT. Eye (Lond) 2020; 34:1577–1584.

31. Skaat A, Muylaert S, Mogil RS, et al. Relationship between optic nerve head
drusen volume and structural and functional optic nerve damage. J Glaucoma
2017; 26:1095–1100.

32. Tsikata E, Verticchio Vercellin AC, Falkenstein I, et al. Volumetric measure-
ment of optic nerve head drusen using swept-source optical coherence
tomography. J Glaucoma 2017; 26:798–804.

33. Sibony P, Kupersmith MJ, Rohlf FJ. Shape analysis of the peripapillary RPE
layer in papilledema and ischemic optic neuropathy. Invest Ophthalmol Vis Sci
2011; 52:7987–7995.
Volume 34 � Number 1 � February 2021



Optic disc drusen, papilledema, optic disc edema Yan and Liao
34. Kupersmith MJ, Sibony P, Mandel G, et al. Optical coherence tomography of
the swollen optic nerve head: deformation of the peripapillary retinal pigment
epithelium layer in papilledema. Invest Ophthalmol Vis Sci 2011;
52:6558–6564.

35. Sibony PA. Gaze evoked deformations of the peripapillary retina in papille-
dema and ischemic optic neuropathy. Invest Ophthalmol Vis Sci 2016;
57:4979–4987.

36. Abazari A, Sibony PA. The cause of retinal and choroidal folds in optic disc
drusen. Ophthalmology 2020; 127:1583–1585.

37. Sibony PA, Wei J, Sigal IA. Gaze-evoked deformations in optic nerve head
drusen: repetitive shearing as a potential factor in the visual and vascular
complications. Ophthalmology 2018; 125:929–937.

38.
&

Turski CA, Holz FG, Brinkmann CK. Inter-device comparison of blue-
light autofluorescence in optic disc drusen. Ophthalmologica 2020;
243:110–119.

Fundus autofluorescence imaging of ODD.
39. Yung M, Klufas MA, Sarraf D. Clinical applications of fundus autofluorescence

in retinal disease. Int J Retina Vitreous 2016; 2:12.
40. Gili P, Flores-Rodriguez P, Yanguela J, et al. Using autofluorescence to detect

optic nerve head drusen in children. J AAPOS 2013; 17:568–571.
41. Kurz-Levin MM, Landau K. A comparison of imaging techniques for diagnos-

ing drusen of the optic nerve head. Arch Ophthalmol 1999; 117:1045–1049.
42. Loft FC, Malmqvist L, Wessel Lindberg AS, et al. The influence of volume and

anatomic location of optic disc drusen on the sensitivity of autofluorescence. J
Neuroophthalmol 2019; 39:23–27.

43. Malem A, De Salvo G, West S. Use of MultiColor imaging in the assessment of
suspected papilledema in 20 consecutive children. J AAPOS 2016;
20:532–536.

44. Thomas NR, Ghosh PS, Chowdhury M, et al. Multicolor imaging in optic disc
swelling. Indian J Ophthalmol 2017; 65:1251–1255.

45. Spaide RF, Klancnik JM Jr, Cooney MJ. Retinal vascular layers imaged by
fluorescein angiography and optical coherence tomography angiography.
JAMA Ophthalmol 2015; 133:45–50.

46. Spaide RF, Ledesma-Gil G. Novel method for image averaging of optical
coherence tomography angiography images. Retina 2020; 40:2099–2105.

47. Chu Z, Lin J, Gao C, et al. Quantitative assessment of the retinal micro-
vasculature using optical coherence tomography angiography. J Biomed Opt
2016; 21:66008.

48. Flores-Reyes E, Hoskens K, Mansouri K. Optic nerve head drusen: imaging
using optical coherence tomography angiography. J Glaucoma 2017;
26:845–849.
1350-7540 Copyright � 2020 The Author(s). Published by Wolters Kluwe
49. Gaier ED, Rizzo JF 3rd, Miller JB, et al. Focal capillary dropout associated with
optic disc drusen using optical coherence tomographic angiography. J
Neuroophthalmol 2017; 37:405–410.

50. Lindberg AW, Dahl VA, Karlesand I, et al. Determination of peripapillary vessel
density in optic disc drusen using EDI-OCT and OCT angiography. Exp Eye
Res 2020; 197:108123.

51. Cennamo G, Tebaldi S, Amoroso F, et al. Optical coherence tomography
angiography in optic nerve drusen. Ophthalmic Res 2018; 59:76–80.

52. Leal-Gonzalez M, Pessanha F, Azevedo Gonzalez-Oliva M, et al. Study of
peripapillary vascular flow using optical coherence tomography angiography
in optic nerve head drusen. Clin Exp Ophthalmol 2020; 48:775–782.

53. Engelke H, Shajari M, Riedel J, et al. OCT angiography in optic disc drusen:
comparison with structural and functional parameters. Br J Ophthalmol 2020;
104:1109–1113.

54.
&

Yan Y, Zhou X, Chu Z, et al. Vision loss in optic disc drusen correlates with
increased macular vessel diameter and flux and reduced peripapillary vascular
density. Am J Ophthalmol 2020; 218:214–224.

OCTand OCTA analysis showing possible early and late biomarkers of visual field
loss in ODD.
55. Purvin V, King R, Kawasaki A, et al. Anterior ischemic optic neuropathy in eyes

with optic disc drusen. Arch Ophthalmol 2004; 122:48–53.
56. Monteiro MLR, Hokazono K, Cunha LP, et al. Acute visual loss and optic disc

edema followed by optic atrophy in two cases with deeply buried optic disc
drusen: a mimicker of atypical optic neuritis. BMC Ophthalmol 2018; 18:278.

57.
&&

Ruelokke LL, Malmqvist L, Wegener M, et al. Optic disc drusen associated
anterior ischemic optic neuropathy: prevalence of comorbidities and vascular
risk factors. J Neuroophthalmol 2020; 40:356–361.

Characteristics of ODD-AION compared with nonarteritic AION.
58. Fraser JA, Ruelokke LL, Malmqvist L, et al. Prevalence of optic disc drusen in

young patients with nonarteritic anterior ischemic optic neuropathy: a 10-year
retrospective study. J Neuroophthalmol 2020; doi: 10.1097/
WNO.0000000000000974. [Online ahead of print]

59. Hattenhauer MG, Leavitt JA, Hodge DO, et al. Incidence of nonarteritic
anterior ischemic optic neuropathy. Am J Ophthalmol 1997; 123:103–107.

60. Johnson LN, Arnold AC. Incidence of nonarteritic and arteritic anterior
ischemic optic neuropathy. Population-based study in the state of Missouri
and Los Angeles County, California. J Neuroophthalmol 1994; 14:38–44.

61.
&&

Hamann S, Malmqvist L, Wegener M, et al., Optic Disc Drusen Studies
Consortium. Young adults with anterior ischemic optic neuropathy: a multi-
center optic disc drusen study. Am J Ophthalmol 2020; 217:174–181.

Prevalence of ODD in young onset AION from the ODD Studies Consortium.
r Health, Inc. www.co-neurology.com 115


