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Abstract

PURPOSE—To determine the key optical coherence tomography (OCT) and OCT angiography 

(OCTA) parameters that correlate with visual field loss in optic disc drusen (ODD).

DESIGN—Retrospective cross-sectional study.

METHODS

SETTING: Single academic center.
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This is a structure-function study using perimetry and optical coherence tomography and angiography in patients with optic disc 
drusen and age-matched controls. There were 5 key imaging measurements that most correlated with visual field loss. This data 
suggest that increased macular flow may be an early biomarker of visual field loss, while decreased peripapillary vessel density and 
retinal nerve fiber layer thickness are late biomarkers of visual field loss in optic disc drusen.
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PATIENT OR STUDY POPULATION: 17 patients with ODD (29 eyes) and 35 age-matched 

controls (53 eyes)

INTERVENTION OR OBSERVATION PROCEDURES: Static perimetry, OCT and OCTA 

imaging of optic disc and macula.

MAIN OUTCOME MEASURES: static perimetry, OCT, and OCTA measurements.

RESULTS—We investigated the relationship between static perimetry and 14 OCT/OCTA 

measurements in patients with ODD vs. age-matched controls and found 5 key measurements that 

most correlated with visual field loss included: peripapillary retinal nerve fiber layer (RNFL), 

macular ganglion cell complex (GCC), peripapillary vessel area density (VAD), macular vessel 

diameter (VD) and flux. Hierarchical clustering of these 5 measurements vs. all clinical 

characteristics revealed 3 distinct clusters. ODD and control eyes with no visual field loss (mean 

deviation (MD) > −2.0 dB) had high RNFL, GCC, and low macular VD and flux. ODD eyes with 

mild visual field loss (MD −2.0 to −5.0 dB) had high RNFL, GCC, and increased macular VD and 

flux. ODD eyes with moderate/severe visual field loss (MD < −5.0 dB) had decreased RNFL, 

GCC, peripapillary VAD, and increased macular VD and flux.

CONCLUSIONS—OCT and OCTA provided objective measurements that can help predict 

visual field loss in ODD. Our data suggest that increased macular flow may be an early biomarker 

of visual field loss in ODD, while decreased peripapillary vessel density and RNFL thickness are 

late biomarkers of visual field loss in ODD.

Optic disc drusen (ODD) are semi-translucent multilobulated yellowish deposits at the optic 

disc.1 These deposits when on the surface can be seen on fundus color and autofluorescence 

photography and when calcified (even if buried) can be seen on orbital B-scan 

ultrasonography.2, 3 Pathological studies of ODD have shown that variable size deposits 

containing calcium phosphate are found in the optic nerve head.4, 5 These deposits are 

thought to arise from abnormal axonal metabolism and may form from extruded 

extracellular mitochondria.6

In children, ODD is often diagnosed during workup for suspected papilledema or visual field 

loss.7 In adults, ODD presents as visual field loss in a pattern consistent with optic 

neuropathy, such as nasal or altitudinal visual field loss.8 Visual field loss in ODD is thought 

to arise from compression of the unmyelinated retinal ganglion cell axons and surrounding 

blood vessels by the ODD.9 Vascular compression or altered autoregulation also lead to 

increased risk of nonarteritic ischemic optic neuropathy, central retinal artery occlusion, 

central retinal vein occlusion, and peripapillary choroidal neovascularization.7

Advances in noninvasive ophthalmic imaging have revolutionized the clinical diagnosis of 

ODD and may be the most easily obtained biomarker for predicting which ODD eyes will 

develop visual field loss. Optical coherence tomography (OCT) with enhanced depth 

imaging (EDI) can detect and quantify ODD and associated findings.10 OCT studies have 

shown that visual field loss in ODD is correlated with significantly thinned peripapillary 

retinal nerve fiber layer (RNFL) and macular ganglion cell complex (GCC).11, 12 Worse 

visual field is also associated with older age, presence of superficial ODD, and larger drusen 

volume.11, 12
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Optical coherence tomography angiography (OCTA) is a promising new technology for 

visualizing macular and peripapillary microvasculature and quantification of changes in 

optic neuropathies, including vessel density, vessel length density, tortuosity, and flow.13 

Case reports of focal microvascular attenuation corresponding to ODD were first published 

in 2017,14, 15 and 3 studies have focused on the changes of OCTA measurements compared 

to the controls as well as the correlation between OCTA changes and visual field loss.16–18 

Despite these studies, we still do not know which OCT and OCTA measurements are the key 

parameters that can help predict visual field loss in ODD.

In this study, we performed structure-function analysis using paired static perimetry as well 

as macular and peripapillary OCT and OCTA measurements in ODD and age-matched 

controls in order to determine which parameters are most correlated with visual field loss. 

Identification of these key OCT and OCTA biomarkers can help diagnose the impact of 

ODD on retinal structures and potentially be used to predict the risk of vision loss in ODD.

METHODS

We performed a retrospective cross-sectional study of patients with ODD and who were 

evaluated at Byers Eye Institute at Stanford University Medical Center between January 

2016 and April 2019. This study was approved by the Institutional Review Board of 

Stanford University and adhered to the Declaration of Helsinki and the Health Insurance 

Portability and Accountability Act.

PARTICIPANTS AND CLINICAL EVALUATION

In total, 35 controls (53 eyes) and 17 patients (29 eyes) with ODD were enrolled. All 

subjects had comprehensive ophthalmic examination and comprehensive measurements, 

including best corrected visual acuity (BCVA) using the Snellen chart to calculate the 

logarithm of reciprocal decimal visual acuity (logMAR VA), refraction, intraocular pressure 

measurement, and ophthalmoscopy. Controls: We recruited age- and sex-matched controls 

of age ≥18 years. The control subjects had BCVA of equal or better than the logMAR VA 

0.2 and normal optic nerves per fundus examination, no subjective visual field loss, and 

normal RNFL and GCC. ODD: All ODD subjects had comprehensive neuro-ophthalmic 

examination by one investigator (YJL) and confirmation by color and autofluorescence 

funduscopic photography and OCT according to the Optic Disc Drusen Studies Consortium.
19 All ODD eyes had one or more hypo-reflective center with hyperreflective margin on 

EDI-OCT.19 ODD that is visible by ophthalmoscopy was classified as superficial ODD, 

while ODD that was only detected by B-scan ultrasound or OCT was classified as buried 

ODD.12, 20 Exclusion Criteria: We excluded all subjects with history of optic neuropathies 

other than ODD and those with ophthalmic, neurological, or systemic diseases that may 

impact measurements of peripapillary or macular OCT and OCTA. Subjects with unreliable 

visual field tests were excluded, which were defined as fixation loss > 20%, or false-positive 

or false-negative error rates > 20%. We also excluded ODD patients with vascular 

complications such as anterior ischemic optic neuropathy, central retinal artery or vein 

occlusion because they may affect visual function as well as OCT and OCTA measurements.
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VISUAL FIELD EXAMINATION AND ANALYSIS

Automated static perimetry was performed using Humphrey Field Analyzer II 750 (SITA 

24–2 programs, Swedish interactive threshold algorithm, Carl Zeiss Meditech, Inc, Dublin, 

CA). The mean deviation (MD) and pattern standard deviation (PSD) was automatically 

calculated by the Humphrey Field Analyzer. The criteria for normal visual field was defined 

as previous studies: a) Normal visual field (without visual field defect): mean deviation 

(MD) less than −2.0 dB; b) With visual field defect: MD more than −2.0 dB and must meet 

at least one of the three criteria: Glaucoma hemifield test (GHT) outside normal limits; PSD 

with probability less than 5%; a cluster of 3 or more adjacent points on pattern deviation plot 

with probability less than 5%, one of which must have a probability level of at least 1%.21, 22

SPECTRAL-DOMAIN OCT AND OCTA DATA ACQUISITION

OCT and OCTA images were acquired using Cirrus HD-OCT AngioPlex (Model 5000; Carl 

Zeiss Meditec In., Germany). This machine utilizes light of 840 nm wavelength. The OCT 

scanner has maximum A-scan speed of 68,000 scans/sec with optical axial resolution of 5 

μm and scanning depth of 2 mm. We performed the Optic Disc Cube 200 × 200 acquiring 

200 horizontal scan lines each composed of 200 A-scans and Macular Cube 512 × 128 scans 

acquiring 128 horizontal scan lines each composed of 512 A-scans. The thickness of the 

RNFL was automatically measured in a circle with 3.46 mm diameter centered on the optic 

disc. The thicknesses of the macular GCC was measured in an elliptical annulus (vertical 

inner and outer radius of 0.5 mm and 2.0 mm, horizontal inner and outer radius of 0.6 and 

2.4 mm, respectively) around the fovea which consists of the combined thickness of the 

ganglion cell layer and inner plexiform layers. We also required a high resolution 5-line 

axial raster or radial scans through the optic disc, which helps to detect ODD.

For OCTA, we acquired 3 × 3 mm scans of the peripapillary and macular superficial 

capillary plexus. We automatically segmented en face OCTA images using optical 

microangiography (OMAG).23 The inner surface of superficial capillary plexus was defined 

by the internal limiting membrane (ILM). The outer surface of superficial capillary plexus 

was an approximation of inner plexiform layer (IPL), where IPL is estimated to be at 70% of 

the thickness between the ILM and the retinal pigment epithelium. All OCT and OCTA 

scans were performed by trained ophthalmic photographers. Only images with signal 

strength >7 were saved and used for analysis. Custom quantification software with an 

interactive interface was used to quantify vascular density and morphology in the 

peripapillary and macular OCTA images (MATLAB R2016a; MathWorks, Natick, MA) 

based on modification of previous algorithm, which measures 6 vessel parameters provided 

distinct and biologically relevant information about microvasculature perfusion in the 

peripapillary and macular regions.24–28 Briefly, the algorithm transforms the original OCTA 

image into a binary vessel map using a 3-way combined method consisting of global 

thresholding, Hessian filter, and adaptive threshold. We removed large vessels from the 

peripapillary and macular OCTA images. Vessel skeleton map was developed by linearizing 

vessel signals into single-pixel width. Vessel perimeter map was created by outlining all 

vessels identified in the binarized image.
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To standardize region of interest, we used an annulus with an outer diameter of 2.75 mm and 

an inner diameter of 1.5 mm for the optic disc OCTA and an annulus with the same outer 

diameter and a smaller inner diameter of 1 mm for the macular OCTA. From the annulus, we 

calculated 6 measurements: (1) vessel area density (VAD) was the proportion of total sum 

area of white pixels (blood vessels) divided by the total area of all pixels in the binarized 

image; (2) vessel skeleton density (VSD) was the sum of white pixels divided by the sum of 

all pixels in the skeleton map; (3) vessel complexity index (VCI) was the square of the sum 

of pixels occupied by the vessel perimeter image divided by 4π times the sum of white 

pixels in the binarized image; (4) vessel perimeter index (VPI) was calculated using the 

vessel perimeter map as the ratio of the vessel perimeter to the total area of the OCTA 

image; (5) vessel diameter (VD) measured the averaged vessel caliber within the image; (6) 

flux measured the number of blood cells passing through a retinal vessel cross-sectional area 

per unit time.29 All OCTA data analysis was performed by one investigator to maximize 

consistency.

STATISTICAL ANALYSIS

The data were analyzed by SPSS version 23.0 for Mac (SPSS Inc., Chicago, IL, USA) and R 

(R Foundation for Statistical Computing, Vienna, Austria). Quantitative continuous variables 

were presented as mean ± standard error or median (95% confidence interval). A two-tailed 

Mann-Whitney u test was used to compare means of 2 groups of continuous variables. The 

frequencies of categorical variables were compared using chi-square test. Spearman 

correlation test was performed to determine the correlation between parameters. A value of 

P <0.05 was considered statistically significant. Principal component analysis, Spearman 

correlation matrix, and hierarchical clustering were performed using custom R scripts. In the 

hierarchical clustering, each measurement has been centered and scaled to have standard 

deviation one in order to see differences between eyes. The PSD values of visual field were 

multiplied by −1 because they were negatively correlated with some of the other 

measurements.

RESULTS

ODD EYES HAD SIGNIFICANTLY WORSE VISUAL FIELD AND PERIPAPILLARY OCT AND 
OCTA

To identify key determinants of vision function abnormalities in ODD, we conducted a 

cross-sectional study of 17 patients with ODD (29 eyes) and 35 controls (53 eyes). 

Representative ODD eyes with different severity of visual field loss, OCT, and OCTA 

images are shown in Figure 1 and 2. There were 12 (71%) patients with bilateral ODD and 5 

(29%) with unilateral ODD. Nineteen (66%) eyes had superficial ODD, and 10 (34%) eyes 

had buried ODD. There were no significant differences between the groups with regard to 

age, sex. Both controls and ODD eyes had good LogMAR VA (P = .287). On static 

perimetry, the ODD eyes had significantly worse average MD compared with controls 

(controls: − 0.36 ± 0.15 dB; ODD: − 5.07 ± 1.15 dB, P < .0001). On OCT, ODD eyes had 

significantly decreased average peripapillary RNFL by 7.1 μm (P = .006) and no difference 

in average macular GCC. On OCTA, ODD eyes had significantly lower peripapillary VAD 
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(controls: 0.45 ± 0.00; ODD: 0.41 ± 0.01, P = 0.011) but not macular VAD compared with 

controls (Table 1).

CORRELATION OF VISUAL FIELD LOSS WITH OCT AND OCTA MEASUREMENTS

We performed Spearman correlation pairs analysis and defined r > 0.5 as strong correlation 

and r between 0.25–0.5 as moderate correlation (Figure 3). For both peripapillary and 

macular OCTA measurements, there was strong correlation among VAD, VSD, VPI and 

VCI (also see S1 and S2, Supplemental Material at AJO.com). Visual field loss, which is 

defined as decreased MD or increased PSD, was strongly correlated with decreased 

peripapillary VAD followed by thinning of OCT RNFL and then GCC. Interestingly, visual 

field loss was also strongly correlated with increased macular VD and flux. There was 

moderate correlation between OCT (RNFL and GCC) and most peripapillary OCTA 

measurements (disc VAD, VSD, VPI, VCI, and flux). There was no correlation between 

OCT (RNFL and GCC) and most macular OCTA measurements (macular VAD, VSD, VpI, 

VCI, and flux).

ODD EYES WITH VISUAL FIELD DEFECT HAD DECREASED OCT AND MOST 
PERIPAPILLARY OCTA MEASUREMENTS BUT INCREASED MACULAR VD AND FLUX

To examine which OCT and OCTA measurements that best correlate with visual field loss, 

we segregated the eyes into controls, ODD with no visual field defect (MD > − 2.0 dB) and 

ODD with visual field defect (MD < −2.0 dB) (Table 2). On OCT, the ODD with visual field 

defect had 24 μm thinner average RNFL compared with controls and 14 μm compared with 

ODD without visual field defect. ODD with visual field defect had 14 μm thinner average 

GCC compared with controls and 10 μm compared with ODD without visual field defect. 

On OCTA, ODD with visual field defect had relatively decreased peripapillary VAD, VSD, 

VPI, VCI and increased macular VD and flux compared with controls or ODD without 

visual field defect. Taken together, visual field loss in ODD eyes corresponded with a 

decrease in RNFL, GCC, and most peripapillary OCTA measurements and an increase in 

macular VD and flux.

PRINCIPAL COMPONENT ANALYSIS REVEALED 5 KEY MEASUREMENTS

We performed principal component analysis (PCA) weighing the 5 key measurements: 

RNFL, GCC, peripapillary VAD, macular VD and macular flux (Figure 4). PC1 weighs 

RNFL, GCC and peripapillary VAD most heavily (and roughly equally), and PC2 weighs 

the two macular OCTA measures most heavily and also differentiates between the other 

three measurements. We found that the buried ODD eyes (tan color) mostly had no visual 

field loss (circles), while the superficial ODD eyes (green color) mostly had mild, moderate/

severe visual field loss (triangle or square).

HIERARCHICAL CLUSTERING ANALYSIS OF OPTIC DISC AND MACULAR OCTA 
MEASUREMENTS SHOWED 3 GROUPS

We analyzed OCT and OCTA measurements objectively using hierarchical clustering of 

these 5 key measurements: RNFL, GCC, peripapillary VAD, macular VD and macular flux. 

All eyes were clustered into 3 distinct groups (Figure 5). The middle group contained most 
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of the control eyes and 7 ODD eyes without visual field loss (MD > −2.0 dB). They had high 

RNFL, GCC and peripapillary VAD and relatively low macular VD and flux. In contrast, the 

bottom group contained mostly ODD eyes, including 5 with superficial ODD and 4 with 

buried ODD – the majority with normal visual field or mild visual field loss (MD −2.0 dB to 

−5.0 dB). This group had similarly high RNFL, GCC and peripapillary VAD, and much 

higher macular VD and flux compared with the middle group. The top group, which 

consisted of only superficial ODD eyes – most with moderate to severe visual field defect 

(MD < −5.0 dB), had low RNFL, GCC and peripapillary VAD but high macular VD and flux 

compared with the middle group. Comparing the top and bottom groups, which contained 

most of the ODD eyes with visual field loss, the main difference was that the top group had 

more severe visual field loss, thinning of RNFL and GCC, and decreased peripapillary VAD, 

while both had increased macular VD and flux.

DISCUSSION

In vivo ophthalmic imaging has become an indispensable part of clinical assessment of 

patients with ODD and other optic neuropathies because they help diagnose disease and 

because changes in OCT and OCTA measurements serve as important biomarkers to help 

predict vision loss. A number of studies have examined the structure-function relationship of 

OCT in ODD,11, 12, 30 but only two studies have evaluated that of OCTA. 16, 18 To address 

this, we performed a structure-function study of ODD and found that 5 OCT and OCTA 

measurements of the superficial capillary plexus are particularly important in predicting 

visual field loss: peripapillary RNFL, macular GCC, peripapillary VAD, macular VD, and 

macular flux. Visual field loss was not only strongly correlated with changes in these 5 

measurements, hierarchical clustering analysis identified patterns that help determine early 

and late changes that are associated with visual field loss in ODD. The eyes with mild visual 

field loss (MD −2.0 to −5.0 dB), which contained both buried and superficial ODD, was 

correlated with relatively normal RNFL, GCC, and peripapillary VAD and increased 
macular VD and flux. This may be a pattern consistent with early stage in optic neuropathy 

associated ODD, and timely therapeutic intervention to treat eyes with this pattern may be 

more likely to reverse or maintain vision. In contrast, the eyes with moderate/severe visual 

field loss (MD < −5.0 dB), which primarily contained eyes with only superficial ODD, was 

correlated with decreased RNFL, GCC, and peripapillary VAD and increased macular VD 

and flux. This may be a pattern consistent with late stage in optic neuropathy associated with 

ODD, and treatment may be more likely to maintain vision, given irreversible loss of retinal 

ganglion cells and axons.

In our study, the most important OCTA finding is that there was a relative increase in 

macular VD and flux of the superficial capillary plexus without changes in RNFL, GCC, and 

peripapillary VAD in ODD eyes with mild visual field loss. The flux we measured has a 

linear correlation with flow speed, especially after large vessel removal.29 This finding is 

compatible with a disease model in ODD where compensatory, autoregulatory changes in 

retinal microvasculature occurs prior to significant neurodegeneration. This increase in 

macular vessel diameter and flux has not previously been described in other optic 

neuropathies such as glaucoma, anterior ischemic optic neuropathy, and papilledema and 

may be unique to compressive, nonischemic optic neuropathy. Alternatively, this may be due 
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to technical reasons since previous studies did not systematically remove large vessel 

contributions to OCTA measurements. A compensatory increase in macular capillary 

hemodynamic changes using OCTA has been described in pan-retinal photocoagulation 

(PRP) therapy in proliferative diabetic retinopathy. Following peripheral retinal PRP, there 

was an increase in macular capillary flow with no change in macular vessel density or vessel 

length density.31 Future OCTA studies of optic neuropathies should include both macular as 

well as peripapillary measurements in the same eyes, in order to validate this increase in 

macular vessel diameter and flux as the earliest imaging biomarkers for development of 

visual field loss.

We also found that more severe visual field loss in ODD was correlated with a decrease in 

peripapillary vessel density. Our finding is consistent with a recent publication of OCTA and 

ODD but not another.16, 18 Engelke et al. showed a strong negative correlation between 

peripapillary vessel density and pattern standard deviation.18 The difference with Cennamo 

et al. may be related to our inclusion of more advanced cases with older ages, worse visual 

field and more superficial ODD. This association of visual field loss with a decrease in 

peripapillary vessel density has also been described in OCTA studies of other optic 

neuropathies, including glaucoma and ischemic optic neuropathy. 18, 32, 33 The ODD eyes 

(with or without visual field loss) in our study exhibited an average of 9% decrease in 

superficial peripapillary vessel density compared with controls, which corresponded well 

with the 6–11% decrease in previous studies.16, 17 In ODD eyes with visual field defect, 

there was 17% decrease in vessel density in ODD eyes compared with controls. Although 

prior studies on ODD did not examine multiple OCTA parameters, we found that both 

peripapillary and macular VAD measurements were highly correlated with VSD, VCI, VPI, 

so commercial devices that only measure VAD still provides valuable data. The VCI and 

VPI measurements in our study likely reflect relative decrease in vascular branching in eyes 

with visual field loss relative to that of the perfused vasculature in healthy eyes, which has 

also been found in glaucoma.26, 28 An important part of retinal microvasculature analysis is 

removal of the contribution of the large vessels, so future analysis of VAD should include 

this detail. Overall, decrease in peripapillary VAD is an important biomarker in helping to 

predict visual field loss in ODD, but this likely occurs later in disease compared with the 

change in macular vessel diameter and flux.

Our data confirmed that OCTA is better correlated with visual field parameters than RNFL 

or GCC. Previous studies demonstrated the association between OCTA and visual field 

parameters were stronger than that between OCTA and OCT parameters in glaucoma 

patients.32, 34 Hata et al. found superficial peripapillary vessel density rather than RNFL was 

significantly decreased in anterior ischemic optic neuropathy patients with severe vision loss 

compared to mild to moderate vision loss.33 Liu et al. found peripapillary rather than 

parafoveal retinal vessel density was significantly decreased in chronic anterior ischemic 

optic neuropathy compared to the controls, and was significantly correlated with MD, RNFL 

and GCC.35 These are similar to our results. The discrepancy of vessel density and thickness 

changes in optic disc and macula may result from different corresponding microcirculation 

distribution, and the different macular scan size and depth between OCT and OCTA 

procedures as well.28 We also demonstrated RNFL was thinner in superficial ODD eyes than 

in controls and it was thicker in buried ODD eyes. Similar results were found in the study 
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conducted by Gili P. et al., which demonstrated that RNFL in all quadrants except temporal 

region of superficial ODD was significant thinner than controls, while buried ODD did not 

show such a difference.21 The presence of superficial ODD was associated with some of the 

similar changes as that of visual field but may not correlate well with the severity of visual 

field defect, since eyes with superficial ODD exhibited a wide range of visual field loss. This 

may be explained by the previous study, which had demonstrated the worse visual field 

defects associated with superficial ODD is rather due to larger drusen volume than the more 

superficial anatomic location.12

There are several limitations in this study. Our study does not have longitudinal data points, 

which is critical for understanding of the evolution of ODD, and this should be addressed in 

a large, prospective study. We only observed superficial capillary plexus but couldn’t look 

deeper, although the deeper microvasculature also impacts visual field loss. Because of our 

sample size, there were relatively small number of eyes with buried ODD, so we are unable 

to compare the differences between those with superficial vs buried ODD. Using current 

analysis, we cannot distinguish changes in arterioles vs. venules vs. capillaries. This is 

important in ODD because a compressive lesion at the optic disc can cause reduced 

peripapillary arterioles at the same time as an increase in venules. Further exploration of 

these specific vascular changes will help us better understand the dynamic changes in 

vasculature in ODD and the role of the autoregulation.

In conclusion, our study showed that both OCT and OCTA measurements are important in 

structure-function analysis in patients with ODD. There was strong correlation between 

vision loss and an increase in macular vessel diameter and flux – an early biomarker – and a 

reduction in peripapillary vessel density, RNFL and GCC. Autoregulation may compensate 

for peripapillary effect of ODD on surrounding vasculature and structure by increasing 

overall retinal blood flow early in disease. As retinal ganglion cell axons are lost and more 

visual field loss develops, then a decrease of peripapillary vessel density occurs secondarily 

– a late biomarker of disease.

Supplementary Material
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Abbreviations

(GCC) ganglion cell complex

(MD) mean deviation

(OCT) optical coherence tomography

(OCTA) optical coherence tomography angiography

(ODD) optic disc drusen

(PSD) pattern standard deviation

(RNFL) retinal nerve fiber layer

(VAD) vessel area density

(VCI) vessel complexity index

(VD) vessel diameter

(VPI) vessel perimeter index

(VSD) vessel skeleton density
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HIGHLIGHTS

• Optic disc drusen (ODD) is an optic neuropathy that is associated with visual 

field loss.

• There are 5 OCT and OCTA measurements that most correlated with visual 

field loss.

• Increased macular blood flow may be early biomarker of vision loss in ODD.

• Decreased peripapillary vessel density may be late biomarker of vision loss in 

ODD.
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FIGURE 1. 
Representative static perimetry and superficial peripapillary en face microvascular images of 

control (Column 1) and optic disc drusen (ODD) eyes with increasing severity of visual field 

loss (Column 2–5 from left to right). (A) Static perimetry using Humphrey visual field 

(HVF) with mean deviation (MD) and pattern standard deviation (PSD) measurements. (B) 

Fundus autofluorescence (AF) imaging showing ODD as hyperfluorescent areas. (C) OCT 

raster scan through the optic disc showing ODD as a signal-poor ovoid core with 

hyperreflective margin. (D) En face OCTA slab. (E) Threshold OCTA images of (D) after 
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removing the large vessels. (F) Vessel area density (VAD) map with binary vessels after 

removing the large vessels. (G) Vessel complexity index (VCI) map after removing the large 

vessels.
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FIGURE 2. 
Representative superficial macular optical coherence tomography angiography (OCTA) 

images (same eyes as Figure 1) showing no striking differences between control and optic 

disc drusen (ODD) eyes with different severities of visual field (VF) loss. (A) En face OCTA 

slab. (B) Threshold OCTA images. (C) Macular vessel area density (VAD) map with binary 

vessels after removing the large vessels. (D) Macular vessel complexity index (VCI) map 

after removing the large vessels. (E) Macular vessel diameter (VD) map after removing the 

large vessels.
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FIGURE 3. 
Spearman correlation matrix heatmap showing visual field mean deviation was positively 

correlated with retinal nerve fiber layer (RNFL), ganglion cell complex (GCC), and 

peripapillary vessel area density (VAD) and negatively correlated with macular vessel 

diameter (VD) and flux. For both optic disc and macular OCTA measurements, there was 

strong correlation between VAD and vessel skeletal density (VSD), vessel perimetry index 

(VPI), and vessel complexity index (VCI). Abbreviations: Ave = average; cor = correlation; 

Disc = optic disc; GCC = ganglion cell complex; Mac = macular; MD = mean deviation; 

OCT = optical coherence tomography; OCTA = optical coherence tomography angiography; 

PSD = pattern standard deviation; RNFL = retinal nerve fiber layer; VAD = vessel area 

density; VCI = vessel complexity index; VD = vessel diameter; VF = visual field; VPI = 

vessel perimeter index; VSD = vessel skeleton density.
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FIGURE 4. 
Principal component analysis revealed that 5 key measurements retinal nerve fiber layer 

(RNFL), ganglion cell complex (GCC), peripapillary vessel area density (VAD), macular 

vessel density (VD), and macular flux were most informative for segregating eyes with no 

visual field loss (circle) from those with mild (triangle) or moderate/severe visual field loss 

(square). In addition, buried ODD eyes (tan color) mostly had no visual field loss (circle), 

while the superficial ODD eyes (green color) mostly had mild, moderate/severe visual field 

loss (triangle or square). Abbreviations: Ave = average; Disc = optic disc; GCC = ganglion 

cell complex; Mac = macular; mod/severe = moderate to severe; PC = principal component; 

RNFL = retinal nerve fiber layer; VAD = vessel area density; VD = vessel diameter.
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FIGURE 5. 
Hierarchical clustering of 5 key optical coherence tomography (OCT) and optical coherence 

tomography angiography (OCTA) measurements (horizontal dendrogram) and clinical 

characteristics (vertical dendrogram) showed that data clustered into 3 groups. Mild visual 

field defect is defined as mean deviation between −2.0 dB and −5.0 dB and moderate to 

severe visual field defect is defined as mean deviation worse than −5.0 dB. In the annotation 

to the right of the heatmap, the colors are defined by the legends on the far right. 

Abbreviations: Ave = average; Disc = optic disc; GCC = ganglion cell complex; Mac = 
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macular; MD = mean deviation; mod/severe = moderate to severe; OCT = optical coherence 

tomography; OCTA = optical coherence tomography angiography; PSD = pattern standard 

deviation; RNFL = retinal nerve fiber layer; VAD = vessel area density; VCI = vessel 

complexity index; VD = vessel diameter; VF = visual field; VPI = vessel perimeter index; 

VSD = vessel skeleton density.
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TABLE 2.

Visual Field Loss and OCT/OCTA Measurements from Controls and Optic Disc Drusen Eyes Categorized by 

Severity of Visual Field Defect

Controls (n=17) ODD without VF loss (n=9) ODD with VF loss (n=15)

VF

 MD (dB) −0.38 (−0.68 ∼ −0.04) −1.03 (−1.32 ∼ −.51) −6.35 (−10.83 ∼ −4.31)

 PSD (dB) 1.37 (1.29 ∼ 1.60) 1.48 (1.30 ∼ 1.64) 5.43 (4.02 ∼ 7.83)

OCT

 Average RNFL (μm) 96.0 (91.4 ∼ 99.2) 86.0 (77.6 ∼ 91.5) 72.0 (61.39 ∼ 89.54)

 Average GCC (μm) 82.0 (78.3 ∼ 85.6) 78.0 (77.6 ∼ 86.4) 68.0 (65.00 ∼ 78.20)

OCTA optic disc

 VAD 0.46 (0.45 ∼ 0.47) 0.46 (0.42 ∼ 0.47) 0.38 (0.34 ∼ 0.41)

 VSD 0.18 (0.18 ∼ 0.19) 0.18 (0.17 ∼ 0.19) 0.15 (0.13 ∼ 0.16)

 VPI 0.39 (0.37 ∼ 0.40) 0.39 (0.36 ∼ 0.40) 0.32 (0.29 ∼ 0.35)

 VCI 2206.1 (2129.0 ∼ 2292.8) 2249.5 (2109.0 ∼ 2381.7) 1946.3 (1706.6 ∼ 2033.9)

 VD 17.75 (17.58 ∼ 17.93) 17.64 (17.37 ∼ 17.87) 17.78 (17.53 ∼18.10)

 Flux 0.49 (0.44 ∼ 0.49) 0.41 (0.39 ∼ 0.48) 0.44 (0.41 ∼ 0.47)

OCTA macula

 VAD 0.42 (0.41 ∼ 0.43) 0.40 (0.37 ∼ 0.42) 0.42 (0.40 ∼ 0.44)

 VSD 0.17 (0.16 ∼ 0.17) 0.16 (0.15 ∼ 0.16) 0.17 (0.16 ∼ 0.17)

 VPI 0.37 (0.36 ∼ 0.38) 0.35 (0.34 ∼ 0.37) 0.37 (0.35 ∼ 0.38)

 VCI 2759.5 (2679.3 ∼ 2830.9) 2691.0 (2543.6 ∼ 2740.7) 2702.7 (2603.9 ∼ 2784.2)

 VD 17.34 (17.16 ∼ 17.71) 17.43 (17.17 ∼ 17.73) 17.89 (17.78 ∼ 18.02)

 Flux 0.30 (0.30 ∼ 0.32) 0.30 (0.28 ∼0.34) 0.35 (0.34 ∼0.37)

GCC = ganglion cell complex; MD = mean deviation; OCT = optical coherence tomography; OCTA = optical coherence tomography angiography; 
ODD = optic disc drusen; PSD = pattern standard deviation; RNFL = retinal nerve fiber layer; VAD = vessel area density; VCI = vessel complexity 
index; VD = vessel diameter; VF = visual field; VPI = vessel perimeter index; VSD = vessel skeleton density.

Data are expressed as median (95% confidence interval).
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