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Growing evidence has demonstrated that peripapillary hyperreflective ovoid mass-like structures (PHOMS) are novel structures rather than a subtype of optic disc drusen. They correspond to the laterally bulging herniation of optic nerve fibers and are believed to be the marker of axoplasmic stasis. PHOMS present in a broad spectrum of diseases, including optic disc drusen, tilted disc syndrome, papilloedema, multiple sclerosis, non-arteritic anterior ischemic optic neuropathy, optic neuritis, Leber hereditary optic neuropathy, and so on. We focus on the multimodal imaging features, pathophysiological mechanisms of PHOMS, and their association with multiple diseases and healthy people in this review to deepen the ophthalmologists' understanding of PHOMS. Additionally, we provide some new directions for future research.
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1 Introduction

Peripapillary hyperreflective ovoid mass-like structures (PHOMS) are newly defined imaging structures in the study of optic disc drusen (ODD) (1). Previously, numerous peripapillary lesions identical to PHOMS were recognized as a subtype of ODD (2–4). However, the international organization Optic Disc Drusen Studies (ODDS) Consortium made it clear for the first time in 2018 that this hyperreflective structure was a distinct entity from ODD in a study adopting enhanced depth imaging optical coherence tomography (EDI-OCT) (1). They named the structures PHOMS based on their morphological characteristics on optical coherence tomography (OCT) B-scans (1). PHOMS are believed to correspond to the laterally bulging herniation of the optic nerve fibers and axoplasmic stasis (5, 6). In recent years, PHOMS have been recognized in several neuro-ophthalmic diseases, such as ODD, tilted disc syndrome (TDS), papilloedema, non-arteritic anterior ischemic optic neuropathy (NAION), optic neuritis (ON), Leber hereditary optic neuropathy (LHON) and so on (7–12). Besides, they have also been reported in healthy people (13–15). With the development of multimodal imaging technology, we are able to recognize the morphological characteristics of PHOMS more clearly in the expanding disease spectrum and healthy individuals. In this review, we summarize the multimodal image characteristics and pathophysiologic mechanisms of PHOMS, as well as discuss their association with a variety of ophthalmic disorders and healthy people in order to deepen the clinicians' knowledge of PHOMS. Additionally, we draw attention to a few unresolved issues with these structures and offer potential new directions for research.



2 Identification of PHOMS


2.1 Optical coherence tomography hallmarks

The emergence of EDI-OCT has greatly improved the acquisition speed and imaging penetration depth, allowing us to observe the fine structure of the laminar cribrosa, the Bruch membrane opening (BMO), and the peripapillary region adjacent to the opening clearly (16). With a clear visualization of the peripapillary structure on EDI-OCT, the ODDS Consortium identified several characteristics of PHOMS that differed from ODD (1). However, their definition of PHOMS was only in the context of ODD, by which a relatively poor consistency in the identification of PHOMS between evaluators was obtained (17). In 2020, Petzold et al. (17) perfected the definition from three aspects, including location, signal, and influence on the adjacent retina based on OCT B-scans, leading to an enhancement in the consistency of PHOMS detection.

Here we summarize characteristic features of PHOMS on OCT (Figure 1).
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FIGURE 1
 Multimode image features of PHOMS in a 45-year-old female. (A) Fundus photography reveals a “C”-shaped halo surrounding the optic disc. (B) Infrared reflectance imaging exhibits a clear ring structure corresponding to the blurred edges of the optic disc. (C, D) Enhanced depth imaging-OCT image shows PHOMS (yellow arrow) in the nasal sector of the optic disc. (E) En face OCT displays a hyperreflective reniform mass encircling the optic disc. (F) OCTA shows flow signal within PHOMS. (G) B-ultrasound shows small high echoes without posterior sound shadow at the retinal level of the optic disc.



2.1.1 Location

PHOMS are located on the peripapillary region, usually partially or 360° around the optic disc (13, 18, 19). A hyporeflective outer nuclear layer separates PHOMS from the above inner retina. On the B-scan through the optic disc center, PHOMS are located on either or both sides of the BMO, while on a transverse or longitudinal B-scan across the margin of the optic disc, PHOMS are located above the continuous Bruch membrane (Figures 1C, D). PHOMS are mostly distributed on the nasal sector of the optic disc and are therefore more likely to be detected by nasal volume scanning of the optic nerve head (ONH) (13, 15, 20).



2.1.2 Signal

PHOMS are manifested as diffuse, solid, and internally slightly uneven hyperreflectivity, which suggests that they have an inhomogeneous and complex internal structure. The reflectivity of PHOMS is similar to that of the retinal nerve fiber layer (RNFL) and ganglion cell layer (GCL), supporting the hypothesis that PHOMS may correspond to dilated axons laterally herniating into the peripapillary retina. Besides, it has been reported that 95.2% of PHOMS in children have small internal hyperreflective spots, which may be calcium within PHOMS (21).



2.1.3 Shape

On the OCT B-scan, PHOMS are oval with smooth edges, separated from the surrounding retinal tissue by hyporeflective boundaries (Figures 1C, D). They appear as continuous structures in successive cross-sectional scans instead of dispersed masses (5). However, PHOMS vary in size in different cross sections, so the previous description of them as doughnuts may not be appropriate, which are standard toruses (18). On En face OCT, they appear as hyperreflective reniform masses or annuli encircling the optic disc (19).



2.1.4 Effect on surrounding tissues

In the cross-section of the optic disc, PHOMS appear as masses with a certain “occupying” effect and often cause the overlying retinal tissue to shift outward and upward, thus forming a curved shape like a ski slope or boot (1, 22). However, the position of the Bruch membrane beneath PHOMS usually doesn't change significantly. Whether the presence of PHOMS is associated with peripapillary RNFL thickness is still under debate. Some studies have suggested that PHOMS are related to the thinning of the RNFL above them, while others have revealed that PHOMS don't affect the thickness of the RNFL or GCL (2, 9, 23, 24). Longer follow-up is essential to reveal whether PHOMS can cause RNFL atrophy.



2.1.5 Differential diagnosis

Though PHOMS have typical characteristics on OCT, they should be distinguished from superficial optic disc vessels and ODD on the B-scan (Figure 2). Blood vessels present oval-shaped hyperreflective structures similar to PHOMS when imaged cross-sectionally, but they can be distinguished by their superficial position and underlying shadows (1, 5). In addition to optic disc vessels, ODD is also easily confused with PHOMS. It appears as an irregular structure with a hyporeflective interior circled by a hyperreflective margin (1, 5). Notably, ODD is always accompanied by the presence of PHOMS (20, 23).
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FIGURE 2
 A 36-year-old female with PHOMS and ODD. (A) Fundus photography shows a shiny, irregular crystalline form on the optic disc with a blurry edge. (B) Fundus autofluorescence shows the typical hyperautofluorescence of the ODD at the disc. (C) Enhanced depth imaging OCT exhibits the ODD (white arrow), superficial optic disc vessels (red arrow) and accompanying PHOMS (yellow arrow). A typical ODD shows the hyperreflective shell and hyperreflective core while a large PHOMS is identifiable by its hyperreflective ovoid mass-like structure. The optic disc vessels show circular structures with underlying shadows.





2.2 Optical coherence tomography angiography

Optical coherence tomography angiography (OCTA) provides rapid and non-invasive visualization of retinal and choroidal vasculatures by detecting blood flow signals in the vascular lumen (25). Several studies have demonstrated the presence of complex vascular structures within PHOMS by OCTA (15, 26–28). It was speculated that the vascular complex may be related to a displacement of the deeper vessels in the optic disc into the retina or be secondary to neovascularization (26). In addition, the presence of PHOMS affects the microvascular structure of the optic disc region. Kim et al. (19) discovered that the vessel density of the radial peripapillary capillary above PHOMS showed a characteristic reduction in nasal C-shaped in a quarter of patients with PHOMS. Moreover, the size of PHOMS was negatively correlated with the vessel density of the radial peripapillary capillary (19). Quantitative analysis of the optic disc blood flow in children showed that the vessel density in the ONH was significantly reduced in the large PHOMS (height ≥ 500 μm) group (23). The squeezing caused by PHOMS or co-existing ODD or both may reduce or redistribute the blood flow in the optic disc area. The marked decline of the vessel density in optic discs suggests that the microvascular changes may be an early indicator of functional changes before changes in RNFL or GCL thickness (23).



2.3 Additional imaging techniques

Under fundoscopy, a C-shaped or O-shaped halo can be seen at the edge of the optic disc, especially on the nasal side (29). Infrared reflectance (IR) imaging exhibits a clear ring structure corresponding to the PHOMS edges (21). ODD Consortium and some other scholars believed that PHOMS were undetectable by ultrasound and autofluorescence (1, 28, 30). However, Mezad-Koursh et al. (21) found that PHOMS in children exhibited small high echoes without posterior sound shadow at the retinal level of the optic disc instead of the deep layer on B-ultrasound. The minimum gain for detecting PHOMS was 56 dB and lower gains were required to visualize larger PHOMS (21). In addition, they observed hyperautofluorescence points that corresponded to the hyperreflective spots inside PHOMS on OCT (21). Fluorescein angiography demonstrated high fluorescence in the peripapillary region without leakage, indicating fluorescein staining of bulging RNFL tissue (22, 28). Larger studies are needed to clarify the manifestation of PHOMS in multimodal imaging, especially in B-ultrasound and AF, which are important tools for the differential diagnosis of ODD.




3 Pathophysiology of PHOMS

Although there is a dearth of direct research on the histopathology of PHOMS, investigations into pathological sections of PHOMS-related ailments such as papilledema and ODD can serve as valuable tools in advancing our understanding of PHOMS. Histological studies of the ONH have demonstrated swollen and vacuolated optic nerve fibers curving and expanding above the BMO to form an ovoid mass-like structure before exiting the lamina cribrosa (5, 31, 32). This structure causes adjacent retinas to be displaced outwardly, upwardly or even folded (5). Significantly, the mass structure in the pathological sections is almost identical to the location and shape of PHOMS on OCT (33). Positive S100 immunostaining further confirmed that this structure consisted of the bulging nerve fibers (33). Both radioisotopes and electron microscopy showed that markers of stalled axoplasmic flow transport could be detected within distended axons, indicating that PHOMS may be the products of axoplasmic stasis (31, 34–37).

The pathologic manifestations are not identical in different diseases associated with PHOMS, which reveals different mechanisms of PHOMS formation. In ODD, acellular and calcified deposits are observed anterior to the lamina cribrosa, which may impede normal axoplasmic transport and result in the formation of PHOMS (32). In patients with myopia and TDS, the tilted optic disc causes a protruding Bruch membrane on the nasal side of the optic disc. Dramatic bending of the nerve fibers as they enter the lamina cribrosa can result in chronic tensile damage, leading to stagnant axoplasmic flow (5, 8). In papilledema, increased cerebrospinal fluid pressure pressurizes the optic nerve and stagnates the axoplasmic flow (31). Besides, it's observed that the dilated nerve fibers are surrounded by a large number of dilated small veins and capillaries, and exuded interstitial fluid exacerbates the compression and swelling of the nerve fibers (31). In addition. Rao (38) observed demyelination of optic nerve fibers and infiltration of vast inflammatory cells in pathologic sections of an ON model, which may lead to an acute axoplasmic flow stasis of the nerve fibers.

In brief, a variety of diseases that cause mechanical stress of optic nerve fibers or inflammatory response in ONH can all result in a stasis of the axoplasmic flow, which contributes to the formation of PHOMS.



4 PHOMS in healthy people

Though PHOMS are believed to be secondary to axoplasmic stasis, it's unclear whether they are compensatory physiologic phenomena or pathological manifestations. Recent studies have revealed that PHOMS can appear in the optic discs of healthy humans (Figure 3). Gernert et al. (14) found that PHOMS were present in 4% of healthy people though Petzold et al. (39) reported no PHOMS in a healthy control group containing 59 subjects. In a cohort of 1,407 children aged 11–12 years without ODD or ODE, 8.9% had PHOMS in at least one eye (13). Several studies have revealed that PHOMS was the most common cause of pseudopapilloedema in children and adults (21, 40). Recently, Wang et al. (15) demonstrated that PHOMS appeared in 18.9% of normal subjects, mainly in both eyes, and the size of PHOMS was negatively correlated with the cup/disc ratio in normal participant groups. It should be noted that most eyes demonstrate normal morphology of optic discs despite the presence of PHOMS (15). The small size of PHOMS in healthy individuals is a possible explanation for this phenomenon. However, the definition of a healthy person in these studies only excludes ophthalmic disease history. Some anatomical abnormalities such as small optic discs and tilted discs were not taken into account, which may be important risk factors for the development of PHOMS. Future research about the correlation between PHOMS and optic disc morphological characteristics of healthy individuals may be beneficial for deepening our understanding of PHOMS. Besides, it remains to be studied whether the presence of PHOMS affects visual function of healthy people.
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FIGURE 3
 A 9-year-old girl without any ocular diseases has PHOMS in her right eye. (A, D) Fundus photography shows clear edges of the optic discs. (B, E) En face OCT shows a nasal “C”-shaped hyperreflective ring surrounding the optic disc in the right eye (B) but no hyperreflective ring in the left eye (E). (C, F) OCT exhibits PHOMS (yellow arrow) in the nasal sector of the optic disc in the right eye (C) and no PHOMS in the left eye (F). The green line indicates the OCT scan position.




5 PHOMS and associated diseases

The existence of PHOMS in a variety of disease entities indicates that they are non-specific imaging characteristics rather than a specific disease (5). Recently, the disease spectrum reported PHOMS has been expanding. According to the location of the lesions, we divided diseases associated with PHOMS into optic disc heteroplasia, optic neuropathy, and central nervous system disease.


5.1 PHOMS associated with optic disc heteroplasia
 
5.1.1 ODD

ODD is a congenital heteroplasia of optic discs involving one or both eyes, most often in small, crowded discs (41). The prevalence of ODD is about 2% in human pathological examination (32, 42). It is believed that the formation of ODD is the result of extracellular calcium deposition caused by abnormal axonal metabolism (32). PHOMS are different entities from ODD and they have different multimodal imaging features (Table 1). Notably, PHOMS showed a high incidence in patients with ODD. Teixeira et al. (20) reported that PHOMS were present in up to 90% of pediatric patients with ODD and they were not correlated with RNFL thickness. Moreover, the distribution of PHOMS coincided with ODD, predominantly on the nasal sector of the optic disc (20). In adults, the incidence of PHOMS in ODD is reported to range from 47 to 63% (10, 39). Jorgensen et al. (7) retrospectively analyzed 321 affected eyes of ODD patients of all ages and observed coexisting PHOMS in 77%. The high incidence rate of PHOMS in ODD may be due to their common anatomical basis of small optic discs and the identical pathological mechanism of axoplasmic transport stasis. In addition, the presence of ODD may have increased mechanical compression of the optic nerve fibers, resulting in aggravating axoplasm stasis. PHOMS appear more frequently in superficial ODDs than in buried ODDs, which may be because superficial ODDs are usually large and located in the area above and below the BMO, whereas buried ODDs usually involve smaller ODDs located beneath the BMO (7). It was reported that both the prevalence and size of PHOMS were negatively correlated with age in ODD patients (7). The potential mechanism may be that age-related axon loss reduces the compression of nerve fibers in the scleral canal, thereby improving axoplasmic stasis. Jorgensen et al. (7) didn't find a correlation between the volume of PHOMS and the size of BMO in ODD though it was reported that PHOMS were more likely to occur in children with small BMO. They speculated that some other anatomical characteristics of the optic disc could be involved in the pathophysiology of PHOMS. Further studies are needed to reveal the risk factors for PHOMS in ODD and whether they diminish or subside with age-related ONH depressurization.


TABLE 1 Summary of key imaging differences between PHOMS and ODD.
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5.1.2 Optic disc tilt

Both congenital or acquired diseases can lead to optic disc tilt. TDS, characterized by tilting of the optic disc, is a congenital abnormality caused by delayed closure of the embryonic fissure (43). As early as 2014, Pichi et al. (8) reported that PHOMS were present in the nasal optic disc sector in 39.5% of children with TDS, although they were named “dome-shaped hyperreflective structures” at the time. They noted that nearly half of the PHOMS showed a reduction in height in the following year (8). PHOMS corresponded to the early abnormal visual field and 46.7% of affected eyes had persistent visual field defects after refractive correction, possibly due to damaged axoplasmic transport caused by prolonged bending of nerve fibers (8). In addition to TDS, an acquired tilted disc caused by scleral stretching is also a feature of myopia (44). Lyu et al. (45) reported for the first time that PHOMS were significantly associated with the degree of myopia and the magnitude of ONH tilt angle in children. Subsequently, Behrens et al. (13) reported that the prevalence of PHOMS was 8.9% in a children cohort of 11–12 years old. Similar to Lyu et al., they revealed that the presence and increase of ONH tilt, as well as the increase of myopia can significantly elevate the risk of PHOMS (13). A recent high myopia cohort study reported a 29.5% prevalence of PHOMS in non-pathological high myopia, and 13.69% of visual field defects corresponded to the location of PHOMS on OCT (46). Long-term follow-up of several cases of myopic children showed that PHOMS formed and developed as myopia deepens and optic disc tilt increases (45, 47). Therefore, the myopic shift may contribute to the formation of PHOMS by mediating optic disc tilt (13, 45). Optic nerve fibers bend sharply as they descend into the scleral canal because of the protruding Bruch's membrane in the tilted disc, and they are also subjected to nasal dragging of the laminar cribrosa and stretching of the temporal sclera (5). As a result, PHOMS appear as the axoplasmic flow of nerve fibers stagnates under mechanical stress. Moreover, it remains to be studied whether PHOMS impair the patients' visual function and whether the size of PHOMS changes as myopia deepens.




5.2 PHOMS associated with optic neuropathy
 
5.2.1 NAION

NAION is an ischemic injury to the optic nerve due to impaired circulation in the posterior ciliary artery supplying the anterior part of the ONH (48). It is a multifactorial ischemic lesion, involving local anatomy factors and various systemic factors (49). NAION occurs mostly in small and crowded ONHs, which is more pronounced in younger patients (10). A retrospective study showed that PHOMS were found in five of nine patients with NAION and they were not associated with the thickness of RNFL and GCL (50). Hamann et al. (10) studied 65 NAION patients under the age of 50 and reported that PHOMS were present in 54% of NAION with ODD (ODD-NAION) patients and in 28% of NAION patients without ODD (nODD-NAION). Similarly, Johannesen et al. (51) indicated that ODD-NAION patients had a higher incidence of PHOMS compared to nODD-NAION patients, which may be attributed to increased mechanical compression of the optic nerve fibers caused by small ONHs and ODD. Recently, Wang et al. (15) demonstrated firstly that the prevalence of PHOMS was significantly higher in acute nODD-NAION eyes (43.48%) and fellow eyes (28.20%) than in normal eyes (11.76%). The majority of PHOMS disappeared within the next 1–2 months in patients with acute NAION, while maintained stability in the fellow eyes (15). PHOMS may be connected with the severity of optic disc edema (ODE) and become smaller or disappear as ODE subsides (15). Notably, the high prevalence of PHOMS in unaffected fellow eyes of patients with acute NAION may be associated with small optic discs (15). It is not clear whether the structure PHOMS is a novel independent risk factor for NAION or a secondary product of ODE in the acute stage. In addition, we look forward to further studies to reveal whether PHOMS affect visual function prognosis in NAION patients.



5.2.2 LHON

LHON is a type of mitochondrial hereditary disease characterized by degenerative changes following pathological damage to retinal ganglion cells and their axons (52). Acute LHON is characterized by RNFL swelling, which may be connected to axoplasmic stagnation and increased mitochondrial biogenesis (53). Recently, Borrelli et al. (12) first described the presence of PHOMS in 12 of 21 (57.1%) eyes with LHON. All PHOMS were distributed on the temporal sector of the optic disc, possibly because that the small size of temporal optic nerve fibers makes them more vulnerable to mitochondrial malfunction (12). Besides, PHOMS were significantly associated with RNFL thickening and resolved within 12 months in most cases along with edema disappeared, which indicated that ODE played a crucial role in PHOMS formation (12). It remains to be studied whether mitochondrial dysfunction is involved in the formation of PHOMS.



5.2.3 Optic nerve tumor

Optic nerve tumors are a rare group of optic nerve diseases, including optic nerve sheath meningioma and optic nerve glioma, optic disc tumors, optic schwannomas, and infiltrating optic neuropathy caused by metastasis or infiltration of malignant tumors, among which optic nerve sheath meningioma and optic nerve glioma are more common (54). In 2015, Lee et al. (55) reported three cases of optic nerve tumors combined with ODD, including optic disc melanocytic tumor, optic nerve meningioma, and optic nerve glioma. It now appears that the ODD they refer to is actually PHOMS. Heath Jeffery et al. (22) also presented a patient with optic nerve sheath meningioma and PHOMS, and the existence of PHOMS did not appear to impair the patient's vision during the observation for up to 20 years. It is speculated that tumors involving the optic nerve can lead to compression of nerve fibers, axoplasmic flow stasis, and subsequent development of PHOMS. However, larger studies are necessary to determine the exact relationship between PHOMS and optic nerve tumors.



5.2.4 Diabetic papillopathy

Diabetes mellitus can cause many vision-threatening ocular complications, such as proliferative diabetic retinopathy and macular edema (56). Diabetic papillopathy is another potential complication characterized by unilateral or bilateral ODE due to vessel leakage and axon swelling (57). Becker et al. reported that one patient with diabetes mellitus developed severe acute bilateral ODE shortly after initiation of intensive glucose-lowering therapy (58). PHOMS were observed in both eyes accompanied by ODD at the initial visit, and they were present with lower height at a follow-up 9 months later (58). Heath Jeffery et al. (22) noted PHOMS in a male with presumed diabetic papillopathy and it partially involuted after 12 months. However, it is unclear whether PHOMS appeared before or after diabetic papillopathy. The reduction of PHOMS after ODE receding may indicate that they are secondary products of ODE.




5.3 PHOMS associated with central nervous system diseases
 
5.3.1 Intracranial hypertension

Intracranial hypertension is a common clinical syndrome in which intracranial pressure (ICP) exceeds the compensatory range, including idiopathic intracranial hypertension (IIH) and secondary intracranial hypertension caused by central nervous system disorders such as brain tumors, hydrocephalus, infection, trauma, hemorrhage, or venous thrombosis (59). It is characterized by headache, vomiting, and papilledema. Of all the diseases associated with PHOMS that have been reported, PHOMS occurs most frequently in IIH (9). Petzold et al. (39) observed that PHOMS were present in eight of 13 patients with intracranial hypertension. A retrospective study incorporating 32 patients with IIH revealed that 81.3% of IIH patients had PHOMS (9). The potential mechanism could be that elevated cerebrospinal fluid pressure reverses the trans-lamina cribrosa pressure difference, resulting in a stagnant axoplasmic flow. Regression of PHOMS was not observed, probably because of lacking OCT examinations in the acute phase and within 3 months (9). Differently, Fraser et al. (5) and Malmqvist et al. (60) noted that PHOMS diminished or even disappeared in IIH patients after weight loss and acetazolamide treatment. In addition, there were no significant differences in RNFL thickness and GCL volume between patients with or without PHOMS, indicating that PHOMS did not cause pathological damage to the optic disc and macular nerve fibers (9). Bassi et al. (61) retrospectively analyzed 23 patients with bilateral papilledema secondary to elevated ICP, including 20 patients with IIH, two patients with obstructive hydrocephalus, and 1 patient with communicating hydrocephalus, and observed the presence of PHOMS in 21 eyes (45.65%). PHOMS were most commonly observed in the eyes of patients with ICP in the 251–350 mmH2O range (61). The lower incidence of PHOMS than previously reported may be because PHOMS cannot be detected due to the shadow of thickened RNFL in acute IIH cases with significant papilledema. Further research is essential to evaluate whether the magnitude of PHOMS can reflect the level of intracranial pressure non-invasively. Prospective studies with larger sample sizes may reveal alternations in PHOMS as papilledema subsides and whether PHOMS contribute to visual field defects in papilledema patients.



5.3.2 Inflammatory demyelinating disease

Multiple sclerosis (MS) is an autoimmune disease characterized by inflammatory demyelinating lesions of the white matter of the central nervous system (62). It most commonly involves the periventricular white matter, optic nerves, spinal cord, brainstem, and cerebellum. A prospective longitudinal study including 212 patients with MS, 59 healthy controls, and 267 patients without MS indicated that the incidence of PHOMS was significantly higher in MS patients (16%) than in healthy controls (0%) (39). At 2 years of follow-up, most PHOMS remained stable while a few PHOMS increased in size or started to appear (39). PHOMS didn't affect the thickness of RNFL and macular GCL in MS patients (39). Wicklein et al. (63) revealed that PHOMS presented in 18.3% of patients with early relapsing-remitting MS and 19.7% of primary progressive MS in a cross-sectional study. PHOMS were associated with disease duration and progression of disability in PPMS (63). However, the presence of PHOMS is not associated with a history of ON in MS (39, 63). In addition to MS, PHOMS also appears in two other demyelinating diseases. Gemert et al. (14) detected PHOMS in 17% of AQP4-IgG-positive neuromyelitis optica spectrum disease patients and 14% of MOG-IgG-associated disease patients, comparable to the prevalence of PHOMS in MS patients. They revealed that the development of PHOMS was not associated with disease duration, disability, or optic nerve axonal degeneration (14). Recently, Aziria et al. (11) retrospectively analyzed 115 eyes with ON involving multiple different etiologies and reported that PHOMS is not a common structure in ON patients, which support a non-inflammatory mechanism in the formation of PHOMS (11). Therefore, the formation mechanism of PHOMS in inflammatory demyelinating lesions may involve stasis of axoplasm flow in optic nerve fibers, impaired circulation in the lymphatic system, and increased pressure gradient across the laminar cribrosa (14, 39, 63). Further studies are requisite to evaluate if PHOMS correlates with the severity and prognosis of central nervous system demyelinating diseases.




5.4 Other associated retinal and orbital diseases

In addition to optic nerve diseases and central nervous system diseases mentioned above, PHOMS can be seen in some other retinal and orbital diseases causing compartment syndrome or optic nerve compression. Dai et al. (50) revealed that PHOMS were present in 13% of patients with retinal vascular obstruction. However, they didn't report whether a masculine symptom of ODE was a necessary prerequisite for the development of PHOMS (50). Moreover, Xie et al. (28) observed PHOMS in two eyes with white dot syndrome and one eye with macular neovascularization. It is uncertain whether PHOMS are present before or after the onset of the diseases. Though it has not yet been reported, PHOMS may be present in other diseases that can cause ODE, such as retinal vasculitis, hypertensive retinopathy, posterior uveitis, posterior scleritis, thyroid-associated ophthalmopathy, orbital inflammation, tumors, etc. More research is needed to determine the broad disease spectrum of PHOMS and whether their presence affects patients' visual prognosis.




6 Conclusion and prospect

For a long time, PHOMS were considered a subtype of ODD (2–4). However, both multimodal imaging and pathologic studies have shown PHOMS to be distinct from ODD. PHOMS appear in a wide spectrum of diseases, including optic disc heteroplasia, various optic neuropathy, and central nervous system diseases. It remains to be further explored whether PHOMS exist in other retinal diseases and orbital diseases that cause ONH compartment syndrome or optic nerve compression. In addition to the diseases mentioned above, PHOMS have also been reported in healthy humans (13–15). There is no doubt that PHOMS are markers of axoplasmic stasis in the ONH. However, it's not certain whether the presence of PHOMS is just a compensatory physiological phenomenon or a pathological change affecting visual function. Importantly, though PHOMS show a high incidence in pseudopapilloedema, they should not be used to distinguish pseudopapilloedema from ODE and papilledema in clinical practice, because PHOMS can occur in all three situations. Further studies are required to explore whether the presence of PHOMS can reflect the severity of diseases and indicate the patients' visual prognosis.



Author contributions

DX: Conceptualization, Visualization, Writing – original draft. TL: Writing – review & editing. YM: Writing – review & editing. YX: Supervision, Writing – review & editing. CC: Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Malmqvist L, Bursztyn L, Costello F, Digre K, Fraser JA, Fraser C, 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. doi: 10.1097/WNO.0000000000000585

 2. Lee KM, Woo SJ, Hwang JM. Differentiation of optic nerve head drusen and optic disc edema with spectral-domain optical coherence tomography. Ophthalmology. (2011) 118:971–7. doi: 10.1016/j.ophtha.2010.09.006

 3. Bassi ST, Mohana KP. Optical coherence tomography in papilledema and pseudopapilledema with and without optic nerve head drusen. Indian J Ophthalmol. (2014) 62:1146–51. doi: 10.4103/0301-4738.149136

 4. Lee KM, Woo SJ. Fundus autofluorescence in the buried optic disc drusen: optical coherence tomography findings. Can J Ophthalmol. (2017) 52:e52–e3. doi: 10.1016/j.jcjo.2016.09.004

 5. Fraser JA, Sibony PA, Petzold A, Thaung C, Hamann S, Consortium O. Peripapillary hyper-reflective ovoid mass-like structure (PHOMS): an optical coherence tomography marker of axoplasmic stasis in the optic nerve head. J Neuroophthalmol. (2021) 41:431–41. doi: 10.1097/WNO.0000000000001203

 6. Chapman JJ, Heidary G, Gise R. An overview of peripapillary hyperreflective ovoid mass-like structures. Curr Opin Ophthalmol. (2022) 33:494–500. doi: 10.1097/ICU.0000000000000897

 7. Jorgensen M, Malmqvist L, Hansen AE, Fraser JA, Hamann S. Volumetric measurement of peripapillary hyperreflective ovoid masslike structures in patients with optic disc drusen. Ophthalmol Sci. (2022) 2:100096. doi: 10.1016/j.xops.2021.100096

 8. Pichi F, Romano S, Villani E, Lembo A, Gilardoni F, Morara M, et al. Spectral-domain optical coherence tomography findings in pediatric tilted disc syndrome. Graefes Arch Clin Exp Ophthalmol. (2014) 252:1661–7. doi: 10.1007/s00417-014-2701-8

 9. Wibroe EA, Malmqvist L, Hamann S. OCT Based interpretation of the optic nerve head anatomy and prevalence of optic disc drusen in patients with idiopathic intracranial hypertension (IIH). Life. (2021) 11:584. doi: 10.3390/life11060584

 10. Hamann S, Malmqvist L, Wegener M, Fard MA, Biousse V, Bursztyn L, et al. Young adults with anterior ischemic optic neuropathy: a multicenter optic disc drusen study. Am J Ophthalmol. (2020) 217:174–81. doi: 10.1016/j.ajo.2020.03.052

 11. Aziria A, Philibert M, Deschamps R, Vignal C, Hage R. Are PHOMS a clinical sign of optic neuritis? Eye. (2023) 37:2776–80. doi: 10.1038/s41433-023-02419-w

 12. Borrelli E, Cascavilla ML, Lari G, De Negri AM, Battista M, Galzignato A, et al. Peripapillary hyperreflective ovoid mass-like structures (PHOMS) in patients with acute Leber's hereditary optic neuropathy. Graefes Arch Clin Exp Ophthalmol. (2024) 262:261–5. doi: 10.1007/s00417-023-06205-y

 13. Behrens CM, Malmqvist L, Jorgensen M, Sibony PA, Munch IC, Skovgaard AM, et al. Peripapillary hyperreflective ovoid mass-like structures (PHOMS) in children: the Copenhagen Child Cohort 2000 Eye Study. Am J Ophthalmol. (2023) 245:212–21. doi: 10.1016/j.ajo.2022.09.003

 14. Gernert JA, Wicklein R, Hemmer B, Kumpfel T, Knier B, Havla J. Peripapillary hyper-reflective ovoid mass-like structures (PHOMS) in AQP4-IgG-positive neuromyelitis optica spectrum disease (NMOSD) and MOG-IgG-associated disease (MOGAD). J Neurol. (2023) 270:1135–40. doi: 10.1007/s00415-022-11381-8

 15. Wang W, Liu J, Xiao D, Yi Z, Chen C. Features of peripapillary hyperreflective ovoid mass-like structures in nonarteritic anterior ischemic optic neuropathy patients and normal controls. Transl Vis Sci Technol. (2024) 13:7. doi: 10.1167/tvst.13.1.7

 16. Spaide RF, Koizumi H, Pozzoni MC. Enhanced depth imaging spectral-domain optical coherence tomography. Am J Ophthalmol. (2008) 146:496–500. doi: 10.1016/j.ajo.2008.05.032

 17. Petzold A, Biousse V, Bursztyn L, Costello F, Crum A, Digre K, et al. Multirater validation of peripapillary hyperreflective ovoid mass-like structures (PHOMS). Neuroophthalmology. (2020) 44:413–4. doi: 10.1080/01658107.2020.1760891

 18. Fraser JA, Hamann S. A 360-degree peripapillary hyper-reflective ovoid mass-like structure (PHOMS). Can J Ophthalmol. (2021) 56:146. doi: 10.1016/j.jcjo.2020.09.008

 19. Kim MS, Lee KM, Hwang JM, Yang HK, Woo SJ. Morphologic features of buried optic disc drusen on en face optical coherence tomography and optical coherence tomography angiography. Am J Ophthalmol. (2020) 213:125–33. doi: 10.1016/j.ajo.2020.01.014

 20. Teixeira FJ, Marques RE, Mano SS, Couceiro R, Pinto F. Optic disc drusen in children: morphologic features using EDI-OCT. Eye. (2020) 34:1577–84. doi: 10.1038/s41433-019-0694-6

 21. Mezad-Koursh D, Klein A, Rosenblatt A, Teper Roth S, Neudorfer M, Loewenstein A, et al. Peripapillary hyperreflective ovoid mass-like structures-a novel entity as frequent cause of pseudopapilloedema in children. Eye. (2021) 35:1228–34. doi: 10.1038/s41433-020-1067-x

 22. Heath Jeffery RC, Chen FK. Peripapillary hyperreflective ovoid mass-like structures: Multimodal imaging-A review. Clin Exp Ophthalmol. (2023) 51:67–80. doi: 10.1111/ceo.14182

 23. Ahn YJ, Park YY, Shin SY. Peripapillary hyperreflective ovoid mass-like structures (PHOMS) in children. Eye. (2022) 36:533–9. doi: 10.1038/s41433-021-01461-w

 24. Rabinovich M, Seray S, Amoroso F, Madar C, Souied EH. Peripapillary hyperreflective ovoid mass-like structures and the retinal nerve fiber layer thinning. Eur J Ophthalmol. 2023:11206721231211419. doi: 10.1177/11206721231211419

 25. Sampson DM, Dubis AM, Chen FK, Zawadzki RJ, Sampson DD. Towards standardizing retinal optical coherence tomography angiography: a review. Light Sci Appl. (2022) 11:63. doi: 10.1038/s41377-022-00740-9

 26. Borrelli E, Barboni P, Battista M, Sacconi R, Querques L, Cascavilla ML, et al. Peripapillary hyperreflective ovoid mass-like structures (PHOMS): OCTA may reveal new findings. Eye. (2021) 35:528–31. doi: 10.1038/s41433-020-0890-4

 27. Hedels C, Fantaguzzi F, Borrelli E, Sacconi R, Querques G. Multimodal imaging of peripapillary hyperreflective ovoid mass-like structures. Retina. (2021) 41:e75–e6. doi: 10.1097/IAE.0000000000003292

 28. Xie X, Liu T, Wang W, Tian G, Wang J, Guan J, et al. Clinical and multi-mode imaging features of eyes with peripapillary hyperreflective ovoid mass-like structures. Front Med. (2022) 9:796667. doi: 10.3389/fmed.2022.796667

 29. Lee KM, Woo SJ, Hwang JM. Differentiation between optic disc drusen and optic disc oedema using fundus photography. Acta Ophthalmol. (2017) 95:e329–e35. doi: 10.1111/aos.13338

 30. Vassallo J. Comment on: ‘peripapillary hyperreflective ovoid mass-like structures-a novel entity as frequent cause of pseudopapilloedema in children'. Eye. (2022) 36:2067. doi: 10.1038/s41433-021-01907-1

 31. Hayreh SS. Pathogenesis of optic disc edema in raised intracranial pressure. Prog Retin Eye Res. (2016) 50:108–44. doi: 10.1016/j.preteyeres.2015.10.001

 32. Skougaard M, Heegaard S, Malmqvist L, Hamann S. Prevalence and histopathological signatures of optic disc drusen based on microscopy of 1713 enucleated eyes. Acta Ophthalmol. (2020) 98:195–200. doi: 10.1111/aos.14180

 33. Malmqvist L, Sibony PA, Fraser CL, Wegener M, Heegaard S, Skougaard M, et al. Peripapillary Ovoid Hyperreflectivity in Optic Disc Edema and Pseudopapilledema. Ophthalmology. (2018) 125:1662–4. doi: 10.1016/j.ophtha.2018.04.036

 34. Wirtschafter JD. Optic nerve axons and acquired alterations in the appearance of the optic disc. Trans Am Ophthalmol Soc. (1983) 81:1034–91.

 35. Tso MO. Pathology and pathogenesis of drusen of the optic nervehead. Ophthalmology. (1981) 88:1066–80. doi: 10.1016/S0161-6420(81)80038-3

 36. Minckler DS, Tso MO, Zimmerman LE, A. light microscopic, autoradiographic study of axoplasmic transport in the optic nerve head during ocular hypotony, increased intraocular pressure, and papilledema. Am J Ophthalmol. (1976) 82:741–57. doi: 10.1016/0002-9394(76)90012-X

 37. Tso MO, Hayreh SS. Optic disc edema in raised intracranial pressure. IV Axoplasmic transport in experimental papilledema. Arch Ophthalmol. (1977) 95:1458–62. doi: 10.1001/archopht.1977.04450080168023

 38. Rao NA. Chronic experimental allergic optic neuritis. Invest Ophthalmol Vis Sci. (1981) 20:159–72.

 39. Petzold A, Coric D, Balk LJ, Hamann S, Uitdehaag BMJ, Denniston AK, et al. Longitudinal development of peripapillary hyper-reflective ovoid masslike structures suggests a novel pathological pathway in multiple sclerosis. Ann Neurol. (2020) 88:309–19. doi: 10.1002/ana.25782

 40. Bassi ST, Pamu R, Varghese A. Understanding pseudopapilledema on spectral domain optical coherence tomography. Indian J Ophthalmol. (2023) 71:3552–7. doi: 10.4103/IJO.IJO_3146_22

 41. Hamann S, Malmqvist L, Costello F. Optic disc drusen: understanding an old problem from a new perspective. Acta Ophthalmol. (2018) 96:673–84. doi: 10.1111/aos.13748

 42. Friedman AH, Gartner S, Modi SS. Drusen of the optic disc. A retrospective study in cadaver eyes. Br J Ophthalmol. (1975) 59:413–21. doi: 10.1136/bjo.59.8.413

 43. Cohen SY, Vignal-Clermont C, Trinh L, Ohno-Matsui K. Tilted disc syndrome (TDS): New hypotheses for posterior segment complications and their implications in other retinal diseases. Prog Retin Eye Res. (2022) 88:101020. doi: 10.1016/j.preteyeres.2021.101020

 44. Chan PP, Zhang Y, Pang CP. Myopic tilted disc: mechanism, clinical significance, and public health implication. Front Med. (2023) 10:1094937. doi: 10.3389/fmed.2023.1094937

 45. Lyu IJ, Park KA, Oh SY. Association between myopia and peripapillary hyperreflective ovoid mass-like structures in children. Sci Rep. (2020) 10:2238. doi: 10.1038/s41598-020-58829-3

 46. Jiang J, Song Y, Kong K, Wang P, Lin F, Gao X, et al. Optic nerve head abnormalities in nonpathologic high myopia and the relationship with visual field. Asia Pac J Ophthalmol. (2023) 12:460–7. doi: 10.1097/APO.0000000000000636

 47. Kim MS, Hwang JM, Woo SJ. Long-term development and progression of peripapillary hyper-reflective ovoid mass-like structures: two case reports. J Neuroophthalmol. (2022) 42:e352–e5. doi: 10.1097/WNO.0000000000001366

 48. Biousse V, Newman NJ. Ischemic optic neuropathies. N Engl J Med. (2015) 372:2428–36. doi: 10.1056/NEJMra1413352

 49. Arnold AC. Pathogenesis of nonarteritic anterior ischemic optic neuropathy. J Neuroophthalmol. (2003) 23:157–63. doi: 10.1097/00041327-200306000-00012

 50. Dai A, Malmqvist L, Rothenbuehler SP, Hamann S. OCT based interpretation of the optic nerve head anatomy in young adults with retinal vascular occlusions and ischemic optic neuropathy. Eur J Ophthalmol. (2021) 31:2563–70. doi: 10.1177/1120672120957591

 51. Johannesen RG, Lykkebirk LEA, JØRgensen M, Malmqvist L, Hamann S. Optic nerve head anatomy and vascular risk factors in patients with optic disc drusen associated anterior ischemic optic neuropathy. Am J Ophthalmol. (2022) 242:156–64. doi: 10.1016/j.ajo.2022.06.016

 52. Chen BS, Yu-Wai-Man P, Newman NJ. Developments in the treatment of leber hereditary optic neuropathy. Curr Neurol Neurosci Rep. (2022) 22:881–92. doi: 10.1007/s11910-022-01246-y

 53. Wang D, Liu HL, Du YY, Yuan J, Li X, Tian Z, et al. Characterisation of thickness changes in the peripapillary retinal nerve fibre layer in patients with Leber's hereditary optic neuropathy. Br J Ophthalmol. (2021) 105:1166–71. doi: 10.1136/bjophthalmol-2020-316573

 54. Ediriwickrema LS, Miller NR. Tumors of the optic nerve and its sheath. Int Ophthalmol Clin. (2018) 58:237–60. doi: 10.1097/IIO.0000000000000216

 55. Lee KM, Hwang JM, Woo SJ. Optic disc drusen associated with optic nerve tumor. Optom Vis Sci. (2015) 92:S67–75. doi: 10.1097/OPX.0000000000000525

 56. Kwan CC, Fawzi AA. Imaging and biomarkers in diabetic macular edema and diabetic retinopathy. Curr Diab Rep. (2019) 19:95. doi: 10.1007/s11892-019-1226-2

 57. Giuliari GP, Sadaka A, Chang PY, Cortez RT. Diabetic papillopathy: current and new treatment options. Curr Diabetes Rev. (2011) 7:171–5. doi: 10.2174/157339911795843122

 58. Becker D, Larsen M, Lund-Andersen H, Hamann S. Diabetic papillopathy in patients with optic disc drusen: description of two different phenotypes. Eur J Ophthalmol. (2023) 33:NP129–NP32. doi: 10.1177/11206721221100901

 59. Schizodimos T, Soulountsi V, Iasonidou C, Kapravelos N. An overview of management of intracranial hypertension in the intensive care unit. J Anesth. (2020) 34:741–57. doi: 10.1007/s00540-020-02795-7

 60. Malmqvist L, Fraser C, Fraser JA, Lawlor M, Hamann S. RE: Traber et al.: enhanced depth imaging optical coherence tomography of optic nerve head drusen: a comparison of cases with and without visual field loss (Ophthalmology. 2017; 124:66-73). Ophthalmology. (2017) 124:e55–6. doi: 10.1016/j.ophtha.2017.01.007

 61. Bassi ST, Pamu R, Ambika S, Praveen S, Priyadarshini D, Dharini V, et al. Optical coherence tomography in papilledema: a probe into the intracranial pressure correlation. Indian J Ophthalmol. (2024). doi: 10.4103/IJO.IJO_1648_23

 62. Filippi M, Bar-Or A, Piehl F, Preziosa P, Solari A, Vukusic S, et al. Multiple sclerosis. Nat Rev Dis Primers. (2018) 4:43. doi: 10.1038/s41572-018-0041-4

 63. Wicklein R, Wauschkuhn J, Giglhuber K, Kumpfel T, Hemmer B, Havla J, et al. Association of peripapillary hyper-reflective ovoid masslike structures and disease duration in primary progressive multiple sclerosis. Eur J Neurol. (2021) 28:4214–8. doi: 10.1111/ene.15056

Copyright
 © 2024 Xiao, Lhamo, Meng, Xu and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-15-1379801-g003.gif





OPS/images/fneur-15-1379801-t001.jpg
PHOMS ODD

Fundoscopy A C-shaped or O-shaped peripapillary halo Shiny, irregular crystalline forms within the optic disc

ocT Partially or 360° around the optic disc, mostly nasally; Ovoid, mass-like Alobulated, intricate configuration or aggregation of ODD
structures; Diffuse and internally slightly uneven hyperreflectivity clusters within the optic nerve head; A hyporeflective

interior circled by hyperreflective margins

OCTA Dense microvascular network No microvascular network
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level of the optic disc shadow deep within the optic disc

PHOMS, peripapillary hyperreflective ovoid mass-like structures; ODD, optic disc drusen; OCT, optical coherence tomography; OCTA, optical coherence tomography angiography;
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