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Introduction
Optic nerve edema or swelling may develop in 

diseases of different etiology.  In optic nerve inflammation 
(or papillitis), optic edema develops within hours after 
demyelination injury or a viral or bacterial infection, and 
progresses rapidly [1]. Optic nerve swelling is considered 
a component of the pathogenesis of, and a sign of the 
activation of secondary damage pathways in, ischemic 
optic neuropathy [2].

The mechanisms of the development of optic atrophy 
secondary to papilledema are being extensively studied. 
Cell neurotoxicity, activation of autoimmune reactions 
and impaired neurotransmitter circulation due to ganglion 
cell death induced by the primary factor are some of the 
potential causes being considered. In the presence of 
optic edema, the area of damage increases due to nerve 
compression and toxicity of own dead cells [3].

Edema or swelling affects the optic nerve architecture. 
There is a need to clarify the way in which the change from 
edema (or swelling) to atrophy of optic disc components 
(and vice versa if secondary lesions develop) occurs to 
decide whether the pathological process will stabilize or 
progress [4].

Current diagnostic techniques provide an increasing 
amount of data on the pathogenesis of optic nerve edema 
or swelling and thus contribute to the development of 
advanced treatment modalities.

The purpose of this paper was to review the current 
insights into, and prospects for better understanding of, 
the pathogenesis of optic nerve edema or swelling in the 
presence of inflammatory or ischemic optic neuropathy.

Forty-four Ukrainian and foreign publications on the 
subject were reviewed and considered.

Terminologies used for optic disc edema 
Many terms have been used in the literature for optic 

disc edema. Papilledema is a term generally reserved (at 
least in the English language use of the term) by neuro-
ophthalmologists for optic disc edema due to increased 
intracranial pressure [5]. The term ‘pseudotumor cerebri’, 
in the past commonly used as a synonym of idiopathic 
intracranial hypertension, is now used as an umbrella 
term that describes the chronic elevation of intracranial 
pressure. Pseudotumor cerebri most frequently presents 
with bilateral optic disc swelling; however, case reports 
and series have reported patients with either symmetrical 
or truly unilateral swelling [6].

Optic nerve head elevation may be due to a variety 
of etiologies, including benign cases such as anatomic 
variants or high hyperopic refractive error [7]. However, 
optic nerve head elevation may also be a sign of vision- 
or life-threatening conditions such as elevated intracranial 
pressure, idiopathic intracranial hypertension of intracranial 
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tumors [7]. Unlike papilledema, pseudopapilledema is a 
group of optic disc anomalies whose common element 
is elevation of the optic disc without true swelling of the 
axonal fibers. In addition, reduced visual acuity typically 
is not observed in pseudopapilledema [8].

Common causes of optic nerve head elevation 
because of optic disc edema include elevated intracranial 
pressure (papilledema), optic neuritis (papillitis), diabetic 
or hypertensive papillitis [9], anterior ischemic optic 
neuropathy (AION), neuroretinitis, uveitis, compression, 
or infiltration.

Sadun and Wang (2011) proposed their classification of 
the conditions resulting in optic nerve edema or swelling 
[10].

Chiang and colleagues [11] reported on the usefulness 
of multimoldal imaging (including B-scan ultrasonography 
and optical coherence tomography) for differentiating 
pseudopapilloedema and true swelling of the optic nerve 
head.

Features of inflammatory swelling of the optic nerve
Sudden vision loss with optic nerve swelling in young 

individuals is most typical for optic neuritis [12].
It is due to optic nerve swelling that an atypical 

course of optic neuritis [13] should be differentiated from 
ischemic neuropathy [14, 15].

Unilateral unspecified or bilateral optic neuritis (9C40 
as per ICD-11) is accompanied by optic nerve swelling. 
Visual loss is typical for demyelinating optic neuritis [16].

In some cases, papillitis and optic nerve swelling 
may be caused by paranasal sinusitis [17]. Under such 
circumstances, optic neuropathy develops due to optic 

compression, which results in loss of optic nerve fibers 
[18, 19].

In pediatric optic neuritis, optic nerve swelling is 
typically more apparent than in adult optic neuritis, and is 
commonly bilateral [20, 21].  

Optic neuritis can result in optic atrophy [22]. 
Peripapillary region is most commonly affected, with 
crescent-shaped neuroretinal rim thinning developing 
similar to that in glaucoma or degenerative myopia [23].

De Carlo and colleagues (2015) [24] demonstrated 
that, in eyes with birdshot chorioretinopathy (BSCR) 
complicated by optic edema, a crescent-shaped light area 
may develop in the peripapillary region which separates 
the temporal border of the optic disc. Blood flow and fluid 
perfusion in this region were affected [24]. In the eye of 
a patient with BSCR, the prelaminar optic disc showed a 
lymphocytic focus, with inflammatory cell accumulation 
resulting in damage to the structural components of the 
optic disc [25].

Optic disc swelling extending to the retinal pigment 
epithelium (RPE)/Bruch’s complex may also have a 
negative effect. Khodeiry and colleagues [26] hypothesize 
that circumferential peripapillary halos (versus crescentic 
peripapillary atrophy) is the result of swelling of the optic 
disc secondary to BSCT papillitis secondary to stretching, 
thinning and tearing of the retinal layers attached to and 
surrounding the optic disc border.

Features of optic nerve swelling in ischemic optic 
neuropathy

Nonarteritic anterior ischemic optic neuropathy 
(NAION) is the most common acute optic neuropathy 

Scheme 1. Classification of optic disc edema or swelling
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in people aged 50 and older. NAION is characterized by 
optic disc edema and sudden, painless visual loss [27]. 
The condition is caused by infarction of the laminar or 
retrolaminar portion of the optic disc due to the impaired 
blood supply from the central retinal artery or short 
posterior ciliary arteries [28].

The mechanisms of progression of ischemic optic 
neuropathy have been poorly studied [29, 30]. It is likely 
that compression of optic disc capillaries by swollen 
axons increases the ischemic lesion and promotes axonal 
swelling, thus expanding the infarction region to other 
optic disc locations [31].

Progressive NAION showed development of the disc 
swelling from the superior to the inferior portion of optic 
disc. During progression, eyes with progressive NAION 
showed a significant increase in the circumpapillary 
retinal nerve layer thickness (cpRNFLT) in the inferior 
quadrants; furthermore, there was significant increase in 
cpRNFLT in the nasal sector before visual loss developed 
after the initial visit. In addition, a study by Hashimoto 
and colleagues [32] demonstrated thickened RNFL in the 
superior portion during the first episode, and the spread to 

the inferior portion during the second episode in all cases. 
In contrast, eyes with diffuse optic swelling during the first 
episode of NAION seldom progressed.

The Zinn-Haller circle is an anastomotic circle between 
the lateral and medial short posterior ciliary arteries, 
which perfuses the optic head. However, some cases 
have incomplete anastomoses or the Zinn-Haller ring 
is supplied only by the lateral or medial short posterior 
ciliary artery, and those eyes are vulnerable to anterior 
optic nerve ischemia. Hypoperfusion from the lateral short 
posterior ciliary artery may occur in the superior portion 
of the optic disc, resulting in the superior disc swelling, 
followed by hypoperfusion from the medial short posterior 
ciliary artery [33].

OCT evidence of swelling-induced changes in the 
optic nerve head

Although the forces acting on the nerve head in 
papilledema differ from those in glaucoma, the application 
of biomechanical principles may provide insights about the 
clinical effects of intracranial pressure on the optic nerve 
head. It is believed that optic disc swelling (papilledema) is 
a consequence of axonal distension of the prelaminar and 

Figure 1. Disc configuration changes in edema or swelling of various etiologies and their relationship with visual fields
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peripapillary nerve fibers. Vascular congestion, leakage, 
and ischemia follow the acute axoplasmic flow stasis 
and are associated with interstitial edema, which exerts 
pressure on and causes the deformation of the optic disc. 
Axonal, glial and vascular dysfunction results in lesion 
progression [34].

Ischemia and increased fluid accumulation around 
the disc are a factor considered for the development of 
lesions in optic disc swelling. Studies have confirmed 
that prelaminar axoplasmic flow stasis results in increased 
vascular permeability and extravasation of axoplasm into 
the perineural space of the optic nerve [34, 35]. The limited 
space of optic nerve head is another factor contributing 
to the development of lesions due to hypoperfusion and 
axoplasmic flow stasis [36].

The OCT allows assessing swelling-induced changes 
in the peripapillary retinal nerve fiber layer (RNFL) 
thickness [37]. It is likely that RNFL thickness depends 
on the cause of edema or swelling [38]. This principle 
underlies the differential diagnosis (Fig. 1) of causes of 
edema according to disc configuration [39, 40].

Because of the different pathophysiology of disc 
edema caused by retinal vein obstruction compared with 
inflammatory optic neuropathies, it is believed that, 
in inflammatory optic neuropathies, edema is found 
predominantly in the RNFL and the ganglion cell layers 
[41]. It is believed that, in retinal vein occlusion, edema 
predominantly affects all retinal layers [42].

Peripapillary hemorrhages and fluid accumulation 
[43, 44] due to peripapillary vein occlusion change the 
reflection of light by the RNFL. In such a case, OCT 
sector scanning will yield white sectors. Such findings are 
considered as increased RNFL thickness or an obstacle for 
the reflected light passing through the RNFL.

The recent advent of OCT angiography (OCTA) has 
made it possible to perform a more detailed assessment 
of changes in optic disc components due to the impact 
of edema. In ischemic optic neuropathy and other acute 
conditions, peripapillary hyper-reflective ovoid mass-like 
structures (PHOMS) often lie external to and surrounding 
large parts of the disc, which confirms the hypothesis of 
compression of optic nerve fibers in the prelaminary optic 
nerve head [45].

Fraser and colleagues (2021) [45] believe that nerve 
fiber displacement over Bruch membrane opening can 
change disc configuration and axonal transport capacity 
[45], with this displacement being a likely cause of 
a non-uniform pattern of expansion of edema among 
peripapillary retinal layers and impaired relationships 
among neural cells. In addition, Fraser and colleagues [45] 
reported on the appearance of PHOMS in a patient with 
isolated demyelinating optic neuritis.

Conclusion
Forty-six recent publications on optic nerve edema or 

swelling from inflammatory or ischemic optic neuropathy 
were reviewed. It was found that optic nerve edema 
or swelling is characterized by special features, but 

it is difficult to identify the symptoms for making the 
differential diagnosis between the two conditions. There 
are several theories of optic nerve damage due to swelling 
(edema); these include biomechanical theories (features 
of structural components, a change in the optic nerve 
architecture, and stretching of the Bruch membrane) and 
an ischemic theory (abnormal perfusion, axonal transport 
stasis, and venous insufficiency). Of importance are also 
abnormal vascular permeability and exudation of plasma 
and blood cells, which results in accumulation of fluid, 
inflammatory mediators and metabolic products between 
peripapillary retinal layers, impeding the outflow and 
metabolism in the posterior segment of the eye [46]. 
Current neuroimaging techniques (OCT and OCTA) 
facilitate improved understanding of structural changes 
in the optic nerve head. They are still not widely used in 
acute neuropathies, because OCT and OCTA parameters 
have been not introduced in classifications and diagnostic 
standards. Therefore, studies on optic disc architecture, 
fluid circulation in the posterior segment, and interaction 
of optic nerve head components in optic nerve edema or 
swelling will facilitate (a) improved understanding of the 
pathogenesis and (b) the differential diagnosis of acute optic 
neuropathies, and, consequently, will enable treatment for 
inflammatory and ischemic optic nerve lesions.
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