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Association between myopia and 
peripapillary hyperreflective ovoid 
mass-like structures in children
in Jeong Lyu1,2, Kyung-Ah park1 & Sei Yeul oh1*

We investigated the characteristics of children with peripapillary hyperreflective ovoid mass-like 
structures (PHOMS) and evaluated the associated risk factors. This cross-sectional study included 
132 eyes of 66 children with PHOMS and 92 eyes of 46 children without PHOMS (controls) who were 
assessed by disc enhanced-depth image spectral-domain (SD) optical coherence tomography (OCT). 
Univariable and multivariable logistic analyses were performed to evaluate risk factors associated with 
presence of PHOMS. Among the 66 children with PHOMS, 53 (80.3%) had bilateral and 13 (19.7%) 
had unilateral PHOMS. The mean age of the PHOMS group was 11.7 ± 2.6 years, and that of the 
control group was 11.4 ± 3.1 years. The mean spherical equivalent (SE) as determined by cycloplegic 
refraction was −3.13 ± 1.87 diopters (D) in the PHOMS group and −0.95 ± 2.65 D in the control 
group. Additionally, mean astigmatism was 0.67 ± 0.89 D and 0.88 ± 1.02 D in the PHOMS group 
and the control group, respectively. Mean disc size was 1,735 ± 153 µm in the pHoMS group and 
1,741 ± 190 µm in the control group, while mean optic nerve head (ONH) tilt angle was 9.84 ± 5.38 
degrees in the PHOMS group and 3.71 ± 4.41 degrees in the control group. SE and ONH tilt angle were 
significantly associated with PHOMS according to both univariable [odds ratio (OR): 1.59; p < 0.001 
and OR: 1.35; p < 0.001, respectively] and multivariable (OR: 1.71; p = 0.001 and OR: 1.29; p = 0.001, 
respectively) logistic regression analyses. There was a significant correlation between SE and ONH tilt 
(r = −0.46; p < 0.001). In conclusion, PHOMS is associated with myopic shift in children, and optic disc 
tilt may be a mediator between myopia and PHOMS.

The presence of peripapillary hyperreflective ovoid mass-like structures (PHOMS) has arisen as an independent 
diagnosis recently1. In previous studies, PHOMS have been diagnosed as buried optic disc drusen (ODD) or type 
2 ODD2–6, diseases of the optic nerve head (ONH) with acellular hyaline depositions7–9. However, in 2018, the 
Optic Disc Drusen Studies (ODDS) Consortium defined ODD as hyporeflective structures with full or partial 
hyper-reflective margin on optical coherence tomography (OCT) and proposed the terminology of PHOMS for 
the specific finding of hyperreflective mass-like lesions in the peripapillary area1. The pathogenesis of PHOMS 
is suspected as herniation of distended axons into the peripapillary retina1,10. The ODDS Consortium reported 
a histopathologic finding presenting as lateral bulges of the retinal nerve fibers in a patient with papilledema, 
similar to PHOMS on OCT1.

PHOMS can be easily misdiagnosed as papilledema since it presents as an elevated and blurred disc on fundu-
scopic examinations, requiring further work-ups11. It is important to differentiate PHOMS from true papilledema 
that represents increased intracranial pressure or optic neuritis which can threaten vision loss. However, there 
exists limited information about PHOMS. Hence, it would be helpful when evaluating the characteristics of 
patients with PHOMS to understand the condition’s pathogenesis and to confirm the relationship between 
PHOMS and ODD. This study aimed to evaluate the characteristics of and risk factors associated with PHOMS 
in children.
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Results
Baseline characteristics. A total of 112 children, comprising 66 children with PHOMS (PHOMS group) 
and 46 children without PHOMS (control group) were analyzed in this study. Among the 66 children with 
PHOMS, 53 (80.3%) had bilateral PHOMS, and 13 (19.7%) had unilateral PHOMS. PHOMS occurred similarly 
in the right (60) and left (59) eyes. In the PHOMS group, there was no evidence of complications such as disc 
hemorrhage, nonarteritic anterior ischemic optic neuropathy, retinal vascular occlusion, or choroidal neovascular 
membrane. None of the patients had concomitant superficial ODD.

Patient demographics and characteristics are listed in Table 1. The mean age of the PHOMS group was 
11.7 ± 2.6 (range: 7 to 19) years, while that of the control group was 11.4 ± 3.1 (range: 7 to 19) years. Half of each 
group was male. All eyes in both groups had best-corrected visual acuity (BCVA) results of 20/25 or greater. 
In each group, two patients had symptoms of headache (3.0% in PHOMS group and 4.3% in control groups). 
Mean spherical equivalent (SE) was −3.13 ± 1.87 (range: −8.50 to + 1.00) diopters (D) in the PHOMS group and 
−0.95 ± 2.65 (range: −6.75 to + 6.00) D in the control group. Additionally, mean astigmatism was 0.67 ± 0.89 
(range: 0 to 4.50) D and 0.88 ± 1.02 (range: 0 to 3.50) D in the PHOMS and the control groups, respectively, while 
mean disc size was 1,735 ± 153 (range: 1,347 to 2,033) µm in the PHOMS group and 1,741 ± 190 (range: 1,296 to 
2,404) µm in the control group. Finally, mean ONH tilt angle was 9.84 ± 5.38 (range: 0.00 to 32.09) degrees in the 
PHOMS group and 3.71 ± 4.41 (range: 0.00 to 15.89) degrees in the control group.

All eyes with PHOMS presented with myopia of −0.50 D or less, except for one eye with an SE + 1.00 D. In 
Figs. 1 and 2, we present example cases of PHOMS onset with a concurrent myopic shift.

Risk factors associated with PHOMS. According to univariable logistic analysis, SE decreased by 1 D 
[odds ratio (OR): 1.59, 95% confidence interval (CI): 1.35–1.86; p < 0.001] and ONH tilt angle increased by one 
degree (OR: 1.35, 95% CI: 1.24–1.48; p < 0.001) in a manner significantly associated with PHOMS. In the multi-
variable model, decreased SE (OR: 1.71, 95% CI: 1.26–2.32; p = 0.001) and increased ONH tilt angle (OR: 1.29, 
95% CI: 1.12–1.49; p = 0.001) showed a statistically significant association with presence of PHOMS. However, 
we found no statistically significant difference between the two groups with respect to age, sex, laterality, astig-
matism, or disc size (Table 2).

Ganglion cell layer (GCL) changes in PHOMS. We also analyzed GCL thickness in patients with 
PHOMS via OCT. GCL thickness was slightly decreased in all sectors (temporal, nasal, superior, inferior, and 
average) in affected eyes compared with in unaffected eyes; however, the difference was not statistically significant 
in any sector (Table 3).

Subgroup analysis of unilateral PHOMS. In a subgroup analysis of 13 patients with unilateral PHOMS, 
degree of myopia (−3.08 ± 1.77 D and −1.34 ± 2.26 D; p = 0.039) and ONH tilt angle (11.40 ± 6.76 and 
5.56 ± 6.18 D; p = 0.030) were significantly greater in affected eyes than in fellow eyes (Table 4). In all cases of 
unilateral PHOMS, the affected eyes were more myopic by at least −0.50 D than in the fellow eyes.

Correlation between degree of myopia and ONH tilt angle. In the correlation analysis between SE 
and ONH tilt angle, we observed a significant negative correlation (r = −0.46; p < 0.001) (Fig. 3).

Discussion
We compared children with PHOMS to controls and found that myopia is a risk factor for PHOMS. In both 
univariable (OR: 1.59; p < 0.001) and multivariable (OR: 1.71; p = 0.001) logistic regression analyses, degree of 
myopia was significantly associated with PHOMS. All eyes with PHOMS had myopia of −0.50 D or less, except 
for one eye with + 1.00 D of hyperopia. Subgroup analysis of patients with unilateral PHOMS supported this 
result. The diopters in the affected eyes were smaller than in fellow eyes (−3.08 ± 1.77 D and −1.34 ± 2.26 D, 
respectively). In addition, ONH tilt angle was another significant risk factor for PHOMS in both univariable (OR: 
1.35; p < 0.001) and multivariable (OR: 1.29; p = 0.001) analysis. Further, we presented several example cases of 

Variables PHOMS group Control group Total p-value

No. of children/eyes 66/119 46/92 112/211

Age (years) 11.9 ± 2.7 11.3 ± 3.1 11.6 ± 2.8 0.497

Male:Female 33:33 23:23 56:56 1.000*

Right:Left 60:59 46:46 106:105 1.000*

BCVA ≥ 20/25 (%) 100 100 100 1.000*

Present of headache (%) 3.0 4.3 3.6 1.000*

Mean SE refractive error 
(diopters) −3.13 ± 1.87 −0.95 ± 2.65 −2.18 ± 2.48 <0.001

Astigmatism (diopters) 0.67 ± 0.89 0.88 ± 1.02 0.76 ± 0.95 0.121

Disc size (µm) 1735 ± 153 1740 ± 190 1738 ± 170 0.813

ONH tilt angle (degrees) 9.84 ± 5.38 3.71 ± 4.41 7.16 ± 5.83 <0.001

Table 1. Demographics and characteristics of peripapillary hyperreflective ovoid mass-like structures 
(PHOMS) group and control group. PHOMS = peripapillary hyperreflective ovoid mass-like structures; 
BCVA = best corrected visual acuity; SE = spherical equivalent; ONH = optic nerve head. *Fischer’s exact test.
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Figure 1. Serial changes (ages 8–11 years) of disc photographs and refractive errors in a male diagnosed with 
PHOMS. A myopic shift and disc tilt occurred in the left eye with development of PHOMS. (a) The optic disc 
seemed normal in both eyes at the age of eight years. The spherical equivalent (SE) was +1.10 D in the right eye 
and −0.50 D in the left eye. (b) The left disc margin was slightly elevated after 1.5 years. The SE was +1.10 D in 
the right eye and −1.80 D in the left eye. (c) Left disc blurring was aggravated at the age of 11 years, with an SE 
of +1.10 D in the right eye and −2.50 D in the left eye. (d) An EDI OCT image shows PHOMS in the left eye at 
the age of 11 years.

https://doi.org/10.1038/s41598-020-58829-3


4Scientific RepoRtS |         (2020) 10:2238  | https://doi.org/10.1038/s41598-020-58829-3

www.nature.com/scientificreportswww.nature.com/scientificreports/

Figure 2. Another example case of serial changes of PHOMS. The patient performed follow-up for 
orthokeratology lens use in the right eye. (a) Disc photographs at the age of nine years, when the SE was −1.75 
D in the right eye and −0.25 D in the left eye. The right nasal disc margin was blurred, and the left disc appeared 
normal. (b) At the age of 11 years, the SE was −1.75 D in the right eye and −0.75 D in the left eye. Along with a 
left myopic shift, new marginal blurring was detected in the left eye. (c) An EDI OCT image shows small-sized 
PHOMS in the right eye.

Variables

Univariable model Multivariable model*
OR 95% CI p-value OR 95% CI p-value

Age per 1 year older 1.05 0.92–1.20 0.493

Male sex 1.00 0.47–2.12 1.000

Right eye 0.98 0.57–1.70 0.952

Mean SE refractive error 
per 1 diopter decrease 1.59 1.35–1.86 <0.001 1.71 1.26–2.32 0.001

Astigmatism per 1 diopter 
increase 0.80 0.60–1.06 0.124

Disc size per 100 µm 
increase 1.00 0.99–1.01 0.812

ONH tilt angle per 1 degree 
increase 1.35 1.24–1.48 <0.001 1.29 1.12–1.49 0.001

Table 2. Risk factors for peripapillary hyperreflective ovoid mass-like structures. OR = odds ratio; 
CI = confidence interval; SE = spherical equivalent; ONH = optic nerve head. *All variables were adjusted.
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PHOMS onset along with a myopic shift and ONH tilt, documenting the changes with serial optic disc photo-
graphs (Figs. 1 and 2).

Although herniation of distended axons into the peripapillary retina and exoplasmic stasis are suggested 
pathophysiologic causes of PHOMS1,10, the exact pathophysiology remains unknown. We hypothesize that a 
myopic shift during adolescence is associated with genesis of PHOMS and that optic disc tilt may be a mediator 
between myopia and PHOMS. Optic disc tilt is a feature of myopic shift, arising from scleral stretching in child-
hood12. Nasal bulging and kinking of retinal nerve fibers might develop in conjunction with the process of disc tilt 
during myopic shifts. Optic disc tilting also leads to compression of axons and alterations of axonal transport on 
the nasal side of the ONH, both of which are potential pathogenic causes of PHOMS9. We observed a significant 
correlation between SE and ONH tilt (r = −0.46; p < 0.001) in this study. Previous studies have also found that 
axial length or degree of myopia and ONH tilt angle are correlated13,14. Our theory is supported by findings of 
several studies on tilted disc syndrome. Shinohara et al. evaluated the morphology of tilted discs in adult patients 
using swept-source OCT and reported that eyes with tilted disc syndrome showed the protrusion of Bruch’s 
membrane toward the ONH and herniation of the retinal nerve fiber below the protruded Bruch’s membrane 

Variables
Affected eyes 
(N = 119)

Unaffected eyes 
(N = 13) p-value

GCL temporal 49.5 50.4 0.47

GCL superior 53.5 54.0 0.62

GCL nasal 52.2 54.3 0.77

GCL inferior 53.1 53.8 0.32

GCL average 52.1 53.1 0.28

Table 3. Comparison of macular ganglion cell layer thickness in affected eyes and unaffected eyes in patients 
with peripapillary hyperreflective ovoid mass-like structures. GCL = ganglion cell layer.

Variables Affected eyes Fellow eyes p-value

Mean SE refractive error 
(diopters) −3.08 ± 1.77 −1.34 ± 2.26 0.039

Astigmatism (diopters) 0.46 ± 0.71 0.71 ± 0.82 0.446

Disc size (µm) 1696 ± 128 1700 ± 212 0.961

Right:Left 7:6 6:7 1.000*

ONH tilt angle (degrees) 11.40 ± 6.76 5.56 ± 6.18 0.030

Table 4. Comparison of affected eyes and fellow eyes in cases with unilateral peripapillary hyperreflective ovoid 
mass-like structures (PHOMS) (N = 13). SE = spherical equivalent; ONH = optic nerve head. *Fischer’s exact 
test.

Figure 3. Pearson’s correlation plots showing the correlation between myopia and ONH tilt angle. A significant 
correlation was observed between SE and ONH tilt angle (r = −0.46; p < 0.001).
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and choroid15. Similarly, another study evaluated a novel SD-OCT finding of a dome-shaped hyperreflective 
structure and its correlation with visual field defects in children with tilted disc syndrome and concluded that the 
structure in question was consistent with herniated retinal nerve fibers16. They speculated that this hyperreflective 
PHOMS-like lesion is a unique feature of pediatric tilted disc syndrome and may be a result of acute bending of 
the fibers of oblique insertion of the nerves, leading to a visual field defect. Seo and Park described a case of rap-
idly progressing PHOMS in a nine-year-old child, which is consistent with the age range in which a myopic shift 
is usually observed17.

Interestingly, we also found several studies presenting the emergence and progression of superficial ODD in 
childhood. Giuffre reported two cases of ODD and suggested that disc tilt and ODD can have a cause-and-effect 
relationship due to axonal compression induced by distortion of the scleral canal in tilted discs18. Frisén reported 
a case of ODD that was followed over 23 years. In this case report, drusen showed dynamic morphologic changes 
from the ages of eight to 16 years, a typical age range of myopia progression19. Malmqvist et al. followed 8 patients 
with superficial ODD over 56 years and concluded that progression of ODD occurs before adulthood20. This 
commonality between PHOMS and ODD is probably caused by the shared pathogenesis of compression of axons 
and axonal stasis.

There are ongoing debates regarding diagnosis of PHOMS vs. buried drusen and whether PHOMS are early 
ODD1,10,21. Further prospective longitudinal studies are needed to better understand PHOMS.

There are several limitations to this study. First, this study was a retrospective cross-sectional investigation. 
Second, the control group consisted of children who underwent enhanced-depth image (EDI) spectral-domain 
(SD)-OCT to confirm any ocular anomaly when they showed borderline visual acuity without any under-
lying disease and improved to the normal range of visual acuity with refractive error correction within three 
months. Thus, this control groups may not represent a normal population. However, according to the study of a 
population-based health survey (Korean National Health and Nutrition Examination Survey IV–V), the mean SE 
of 7,695 Korean participants aged five to 20 years (mean age: 11.8 years) was −1.82 D22. Since the Korean National 
Health and Nutrition Examination Survey evaluated SE by noncycloplegic autorefraction, there may have been 
some degree of overestimation of myopia in young participants. Therefore, although there were limitations to 
control group selection in our study, the SE finding of −0.95 ± 2.65 D in the control group using cycloplegic 
refraction was comparable to that of the normal population. Third, axial length was not evaluated, even though 
myopia is usually correlated with elongation of ocular axial length. Therefore, further larger prospective longi-
tudinal studies are needed to support our hypothesis and gain a better understanding of PHOMS. Despite these 
limitations, this is the first reported association between myopia and PHOMS.

According to our findings, myopia increases the risk of PHOMS in children. Disc tilt induced by myopic 
shifts during childhood may be associated with PHOMS. These findings might increase the understanding of the 
genesis of PHOMS.

Methods
This retrospective study was conducted according to the Declaration of Helsinki, after approval by the 
Institutional Review Board of Nowon Eulji Medical Center.

Children under the age of 20 years who were diagnosed with PHOMS between November 2015 and August 
2018 at Eulji University Nowon Eulji Medical Center were reviewed (PHOMS group). The control group consisted 
of children who underwent EDI SD-OCT to confirm any ocular anomaly when they showed borderline visual 
acuity and improvement to the normal range of visual acuity with refractive error correction within three months. 
Children with history of ophthalmologic surgery, neurologic and other ophthalmologic diseases except refractive 
errors, and systemic diseases were excluded from this study. Informed consent was waived by Institutional Review 
Board of Nowon Eulji Medical Center, because this study was conducted retrospectively using medical records 
without identifiable private information and there was no risk to the subjects.

All children underwent a comprehensive ophthalmic examination that included measurement of BCVA, 
slit-lamp biomicroscopy, cycloplegic refraction, ocular alignment test, dilated fundus examination, and color 
fundus photography. EDI SD-OCT (Spectralis; Heidelberg Engineering, Dossenheim, Germany) was performed 
with 24-line radial scan images. All scans were reviewed and evaluated for absence of motion artifacts and good 
centering on the optic discs. ONH diameters were defined as the Bruch’s membrane opening (BMO) and meas-
ured using the built-in measurement tool of the OCT instrument. The mean horizontal and vertical diameters of 
each plane were used. ONH tilt angle was defined as the angle between the BMO plane and the optic canal plane 
(i.e., line connecting the nasal BMO and the innermost margin of the externally oblique border tissue)13. Images 
were evaluated using ImageJ version 1.52 (National Institutes of Health, Bethesda, MD, USA) after adjustment 
to a ratio of 1:1 μm.

We also examined the thickness of the macular GCL in the PHOMS group. Specifically, thickness values of 
GCL were measured in the Early Treatment Diabetic Retinopathy Study central circular 3-mm-diameter area 
including the superior, inferior, temporal, and nasal areas23. If a patient in the PHOMS group was suspected 
to have concomitant true disc edema or presented with a condition mimicking papilledema, further follow-up 
examinations were performed to rule out other causes of disc swelling and to reveal any functional abnormalities. 
Thus, additional testing may have included: Ishihara color vision test, fluorescein angiography, B-scan, static 
automated perimetry using a central 30-2 Humphry Field Analyzer (Humphrey Instruments Inc., San Leandro, 
CA, USA), full-field visual evoked potentials, and brain magnetic resonance imaging. The SE refractive error was 
calculated as the sphere + 1/2 cylinder as determined by cycloplegic refraction.

Statistical analysis. Statistical analyses were performed using a commercially available statistical package 
(SPSS version 23.0 for Windows; IBM Corp., Armonk, NY, USA). Continuous data are presented as mean with 
standard deviation (SD), and categorical data are presented as counts and percentages. Fisher’s exact test was used 
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to compare categorical data, while the independent t-test was used for comparison of continuous parameters. 
Univariable and multivariable logistic regression analyses were performed to investigate risk factors associated 
with presence of PHOMS. Correlation between SE and ONH tilt angle was evaluated by Pearson’s correla-
tion analysis and the correlation coefficient (r) was calculated. A value of p < 0.05 was considered statistically 
significant.

Received: 19 August 2019; Accepted: 21 January 2020;
Published: xx xx xxxx

References
 1. Malmqvist, L. et al. The Optic Disc Drusen Studies Consortium Recommendations for Diagnosis of Optic Disc Drusen Using 

Optical Coherence Tomography. Journal of neuro-ophthalmology: the official journal of the North American Neuro-Ophthalmology 
Society 38, 299–307, https://doi.org/10.1097/wno.0000000000000585 (2018).

 2. Lee, K. M., Woo, S. J. & Hwang, J. M. Morphologic characteristics of optic nerve head drusen on spectral-domain optical coherence 
tomography. American journal of ophthalmology 155, 1139–1147.e1131, https://doi.org/10.1016/j.ajo.2013.01.024 (2013).

 3. Bassi, S. T. & Mohana, K. P. Optical coherence tomography in papilledema and pseudopapilledema with and without optic nerve 
head drusen. Indian journal of ophthalmology 62, 1146–1151, https://doi.org/10.4103/0301-4738.149136 (2014).

 4. Lee, K. M., Woo, S. J. & Hwang, J. M. Differentiation of optic nerve head drusen and optic disc edema with spectral-domain optical 
coherence tomography. Ophthalmology 118, 971–977, https://doi.org/10.1016/j.ophtha.2010.09.006 (2011).

 5. Gili, P., Flores-Rodriguez, P., Yanguela, J., Orduna-Azcona, J. & Martin-Rios, M. D. Sensitivity and specificity of monochromatic 
photography of the ocular fundus in differentiating optic nerve head drusen and optic disc oedema: optic disc drusen and oedema. 
Graefe’s archive for clinical and experimental ophthalmology = Albrecht von Graefes Archiv fur klinische und experimentelle 
Ophthalmologie 251, 923–928, https://doi.org/10.1007/s00417-012-2223-1 (2013).

 6. Lee, K. M., Woo, S. J. & Hwang, J. M. Factors associated with visual field defects of optic disc drusen. PloS one 13, e0196001, https://
doi.org/10.1371/journal.pone.0196001 (2018).

 7. Pollack, I. P. & Becker, B. Hyaline bodies (drusen) of the optic nerve. American journal of ophthalmology 54, 651–654 (1962).
 8. Friedman, A. H., Beckerman, B., Gold, D. H., Walsh, J. B. & Gartner, S. Drusen of the optic disc. Survey of ophthalmology 21, 

373–390 (1977).
 9. Tso, M. O. Pathology and pathogenesis of drusen of the optic nervehead. Ophthalmology 88, 1066–1080 (1981).
 10. Malmqvist, L. et al. Peripapillary Hyperreflective Ovoid Mass-Like Structures: Is It Optic Disc Drusen or Not?: Response. Journal of 

neuro-ophthalmology: the official journal of the North American Neuro-Ophthalmology Society 38, 568–570, https://doi.org/10.1097/
wno.0000000000000674 (2018).

 11. Kovarik, J. J., Doshi, P. N., Collinge, J. E. & Plager, D. A. Outcome of pediatric patients referred for papilledema. Journal of AAPOS: 
the official publication of the American Association for Pediatric Ophthalmology and Strabismus 19, 344–348, https://doi.
org/10.1016/j.jaapos.2015.05.007 (2015).

 12. Kim, T. W. et al. Optic disc change with incipient myopia of childhood. Ophthalmology 119, 21–26 e21–23, https://doi.org/10.1016/j.
ophtha.2011.07.051 (2012).

 13. Han, J. C., Lee, E. J., Kim, S. B. & Kee, C. The Characteristics of Deep Optic Nerve Head Morphology in Myopic Normal Tension 
Glaucoma. Investigative ophthalmology & visual science 58, 2695–2704, https://doi.org/10.1167/iovs.17-21791 (2017).

 14. Hosseini, H. et al. Measurement of the optic disc vertical tilt angle with spectral-domain optical coherence tomography and 
influencing factors. American journal of ophthalmology 156, 737–744, https://doi.org/10.1016/j.ajo.2013.05.036 (2013).

 15. Shinohara, K. et al. Analyses of shape of eyes and structure of optic nerves in eyes with tilted disc syndrome by swept-source optical 
coherence tomography and three-dimensional magnetic resonance imaging. Eye (Lond.) 27, 1233–1241; quiz 1242, https://doi.
org/10.1038/eye.2013.202 (2013).

 16. Pichi, F. et al. Spectral-domain optical coherence tomography findings in pediatric tilted disc syndrome. Graefe’s archive for clinical 
and experimental ophthalmology = Albrecht von Graefes Archiv fur klinische und experimentelle Ophthalmologie 252, 1661–1667, 
https://doi.org/10.1007/s00417-014-2701-8 (2014).

 17. Seo du, R. & Park, S. H. Case of rapidly progressing buried optic nerve head drusen. JAMA ophthalmology 133, e143467, https://doi.
org/10.1001/jamaophthalmol.2014.3467 (2015).

 18. Giuffre, G. Optic disc drusen in tilted disc. European journal of ophthalmology 15, 647–651 (2005).
 19. Frisen, L. Evolution of drusen of the optic nerve head over 23 years. Acta ophthalmologica 86, 111–112, https://doi.org/10.1111/

j.1600-0420.2007.00986.x (2008).
 20. Malmqvist, L., Lund-Andersen, H. & Hamann, S. Long-term evolution of superficial optic disc drusen. Acta ophthalmologica 95, 

352–356, https://doi.org/10.1111/aos.13315 (2017).
 21. Lee, K. M., Woo, S. J. & Hwang, J. M. Peripapillary Hyperreflective Ovoid Mass-Like Structures: Is It Optic Disc Drusen or Not? 

Journal of neuro-ophthalmology: the official journal of the North American Neuro-Ophthalmology Society 38, 567–568, https://doi.
org/10.1097/wno.0000000000000676 (2018).

 22. Kim, D. H. & Lim, H. T. Myopia Growth Chart Based on a Population-Based Survey (KNHANES IV-V): A Novel Prediction Model 
of Myopic Progression in Childhood. Journal of pediatric ophthalmology and strabismus 56, 73–77, https://doi.org/10.3928/01913913-
20181003-01 (2019).

 23. Yoo, Y. J., Hwang, J. M. & Yang, H. K. Inner macular layer thickness by spectral domain optical coherence tomography in children 
and adults: a hospital-based study. The British journal of ophthalmology, https://doi.org/10.1136/bjophthalmol-2018-312349 (2019).

Acknowledgements
This work was supported by a National Research Foundation of Korea (NRF) grant funded by the Korean 
government (MSIP; No. 2017R1C1B5017079) and a grant of the Korea Institute of Radiological and Medical 
Sciences (KIRAMS), funded by the Ministry of Science and ICT (MSIT), Republic of Korea (No. 50543-2020).

Author contributions
study design (I.J.L. and S.Y.O.); conduction of the study (I.J.L.); data collection and management (I.J.L.); data 
analysis and interpretation (I.J.L., K.A.P.); drafting the manuscript (I.J.L.) and the review and final approval of the 
manuscript (I.J.L., K.A.P., S.Y.O.). All authors contributed and approved the final manuscript.

competing interests
The authors declare no competing interests.

https://doi.org/10.1038/s41598-020-58829-3
https://doi.org/10.1097/wno.0000000000000585
https://doi.org/10.1016/j.ajo.2013.01.024
https://doi.org/10.4103/0301-4738.149136
https://doi.org/10.1016/j.ophtha.2010.09.006
https://doi.org/10.1007/s00417-012-2223-1
https://doi.org/10.1371/journal.pone.0196001
https://doi.org/10.1371/journal.pone.0196001
https://doi.org/10.1097/wno.0000000000000674
https://doi.org/10.1097/wno.0000000000000674
https://doi.org/10.1016/j.jaapos.2015.05.007
https://doi.org/10.1016/j.jaapos.2015.05.007
https://doi.org/10.1016/j.ophtha.2011.07.051
https://doi.org/10.1016/j.ophtha.2011.07.051
https://doi.org/10.1167/iovs.17-21791
https://doi.org/10.1016/j.ajo.2013.05.036
https://doi.org/10.1038/eye.2013.202
https://doi.org/10.1038/eye.2013.202
https://doi.org/10.1007/s00417-014-2701-8
https://doi.org/10.1001/jamaophthalmol.2014.3467
https://doi.org/10.1001/jamaophthalmol.2014.3467
https://doi.org/10.1111/j.1600-0420.2007.00986.x
https://doi.org/10.1111/j.1600-0420.2007.00986.x
https://doi.org/10.1111/aos.13315
https://doi.org/10.1097/wno.0000000000000676
https://doi.org/10.1097/wno.0000000000000676
https://doi.org/10.3928/01913913-20181003-01
https://doi.org/10.3928/01913913-20181003-01
https://doi.org/10.1136/bjophthalmol-2018-312349


8Scientific RepoRtS |         (2020) 10:2238  | https://doi.org/10.1038/s41598-020-58829-3

www.nature.com/scientificreportswww.nature.com/scientificreports/

Additional information
Correspondence and requests for materials should be addressed to S.Y.O.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-58829-3
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Association between myopia and peripapillary hyperreflective ovoid mass-like structures in children
	Results
	Baseline characteristics. 
	Risk factors associated with PHOMS. 
	Ganglion cell layer (GCL) changes in PHOMS. 
	Subgroup analysis of unilateral PHOMS. 
	Correlation between degree of myopia and ONH tilt angle. 

	Discussion
	Methods
	Statistical analysis. 

	Acknowledgements
	Figure 1 Serial changes (ages 8–11 years) of disc photographs and refractive errors in a male diagnosed with PHOMS.
	Figure 2 Another example case of serial changes of PHOMS.
	Figure 3 Pearson’s correlation plots showing the correlation between myopia and ONH tilt angle.
	Table 1 Demographics and characteristics of peripapillary hyperreflective ovoid mass-like structures (PHOMS) group and control group.
	Table 2 Risk factors for peripapillary hyperreflective ovoid mass-like structures.
	Table 3 Comparison of macular ganglion cell layer thickness in affected eyes and unaffected eyes in patients with peripapillary hyperreflective ovoid mass-like structures.
	Table 4 Comparison of affected eyes and fellow eyes in cases with unilateral peripapillary hyperreflective ovoid mass-like structures (PHOMS) (N = 13).




