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Abstract

Importance—Current assessment of visual field loss in diseases such as glaucoma suffers from 

subjectivity of patient responses and lack of portability of standard perimeters.

Objective—To describe the development and initial validation of the nGoggle (nGoggle, Inc., 

San Diego, CA), a portable brain-computer interface (BCI) for objective assessment of visual field 

loss.

Design, Setting and Participants—This case-control study involved 62 eyes of 33 

glaucomatous patients and 30 eyes of 17 healthy subjects. Glaucoma was diagnosed based on 

masked grading of optic disc stereophotographs. All subjects underwent testing with the nGoggle 

and standard automated perimetry (SAP) within 3 months. The nGoggle integrates wearable, 

wireless, dry electroencephalogram and electrooculogram systems and a cellphone-based head-

mounted display, allowing detection of multifocal steady-state visual-evoked potentials 

(mfSSVEP) associated with visual field stimulation. The performance of global and sectoral 

nGoggle mfSSVEP metrics to discriminate glaucomatous from healthy eyes were compared to 

global and sectoral SAP parameters. Repeatability of the nGoggle measurements was assessed by 

collecting repeated testing in 20 eyes of 10 glaucomatous subjects for 3 sessions of measurements 

separated by weekly intervals.

Main Outcomes and Measures—Receiver Operating Characteristic (ROC) curves 

summarizing diagnostic accuracy. Intraclass correlation coefficient (ICC) and coefficient of 

variation (CV) for assessing repeatability.
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Results—The ROC curve area for the global nGoggle mfSSVEP parameter was 0.924 (95% CI: 

0.863 – 0.964), which was larger than for SAP MD (AUC=0.813; 95% CI: 0.716 – 0.896), SAP 

MS (AUC = 0.797; 95% CI: 0.687 – 0.880; P=0.030) and SAP PSD (AUC = 0.768; 95% CI: 0.657 

– 0.858; P = 0.012). No statistically significant differences were seen for sectoral measurements 

between nGoggle and SAP. ICCs for global and sectoral parameters ranged from 0.74 to 0.92 and 

mean CVs ranged from 3.03% to 7.45%.

Conclusions and Relevance—The nGoggle represents a portable BCI platform for assessing 

electrical brain responses associated with visual field stimulation. The device was able to 

discriminate eyes with glaucomatous neuropathy from healthy eyes in a clinic-based setting. 

Further studies should investigate the feasibility of the nGoggle for home-based testing as well as 

for detecting visual function loss over time.

INTRODUCTION

Glaucoma is a group of optic neuropathies that have in common a progressive degeneration 

of retinal ganglion cells (RGCs) and their axons, resulting in a characteristic appearance of 

the optic disc and visual field loss. Assessment of functional loss in glaucoma has been 

traditionally made using standard automated perimetry (SAP). However, SAP requires 

considerable subjective input from the patient and is limited by large test-retest variability.1 

As SAP testing is generally performed in clinic-based settings, limited resources frequently 

result in patients not undergoing the necessary number of tests over time, which may result 

in late diagnosis or delayed detection of progression.

Objective assessment of visual field damage has been attempted with the use of visual 

evoked potential (VEP) techniques, especially multifocal VEP (mfVEP). The multifocal 

technique allows many areas of the retina to be stimulated simultaneously and separate 

responses from each part of the visual field to be obtained. Results published using mfVEP 

have demonstrated a good correspondence between visual field sensitivity and local mfVEP 

responses.2 However, current mfVEP recording techniques can only be performed with non-

portable devices in clinic- or laboratory-based settings, requiring cumbersome setup for 

placement of electrodes, skin preparation and gel application, which are time consuming and 

may be uncomfortable for the patient.

Progress has been recently achieved in the development of Brain-Computer Interfaces 

(BCIs) that can successfully process electrical brain signals such as VEPs. BCIs commonly 

rely on steady-state visual evoked potentials (SSVEPs), which, in contrast to the transient 

event-related potentials, are elicited by rapid flickering stimulation producing a brain 

response characterized by a “quasi-sinusoidal” waveform whose frequency components are 

constant in amplitude and phase.3 SSVEPs have desirable properties for use in the 

assessment of the integrity of the visual system. The technique is faster than mfVEP, less 

susceptible to artifacts produced by blink and eye movements,4 to electromyographic noise 

contamination5 and may present better signal to noise (SNR) ratio.3,6–11 The feasibility of 

wireless SSVEP data acquisition has also been demonstrated for monitoring high temporal 

resolution brain dynamics without requiring conductive gels applied to the scalp.12–16 In 

addition, advanced analytical techniques, such as independent component analysis, have 
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been successfully employed to improve detectability of SSVEP signals.17–26 These advances 

in the use of SSVEP technique make it an ideal candidate technique for development of a 

portable objective method of assessment of visual field loss in glaucoma.

In the current study we present the development and initial validation of the nGoggle 

(nGoggle, Inc., San Diego, CA), a portable brain-computer interface (BCI) for objective 

assessment of visual field deficits using multifocal steady-state visual-evoked potentials 

(mfSSVEP). The portable platform integrates a wearable, wireless, dry 

Electroencephalogram (EEG) system and a head-mounted display allowing monitoring of 

the electrical brain activity associated with visual field stimulation. We investigated the 

ability of nGoggle measurements to discriminate glaucomatous from healthy eyes as well as 

their repeatability.

METHODS

This was a prospective study conducted at the Visual Performance Laboratory of the 

University of California San Diego (UCSD). Written informed consent was obtained from 

all participants. The institutional review board and human subjects committee approved all 

methods, which adhered to the tenets of the Declaration of Helsinki for research involving 

human subjects and were conducted in accordance with the regulations of the Health 

Insurance Portability and Accountability Act. Study design and implementation started in 

April 2015, with data collection performed from October 2015 to July 2016. The study was 

completed on October 2016.

All participants underwent a comprehensive ophthalmologic examination, including medical 

history, best-corrected visual acuity, slit-lamp biomicroscopy, intraocular pressure 

measurement with Goldman tonometry, gonioscopy, dilated stereoscopic fundus 

examination, stereoscopic optic disc photography and SAP. Only subjects with open angles 

on gonioscopy were included. Subjects were excluded if they presented with a best-

corrected visual acuity less than 20/40, spherical refraction outside ± 5.0 diopters and/or 

cylinder correction outside 3.0 diopters, or any ocular/systemic disease besides glaucoma 

that could affect the optic nerve or the visual field, such as coexisting retinal disease.

Diagnosis of glaucoma was based on the presence of glaucomatous optic neuropathy as 

determined by masked grading of optic disc stereophotographs by two graders. If these 

graders disagreed, a third observer served as an adjudicator. Simultaneous stereoscopic optic 

disc photographs (TRC-SS; Topcon Instrument Corporation of America, Paramus, NJ) were 

reviewed using a stereoscopic viewer (Asahi Pentax Stereo Viewer II; Asahi Optical Co., 

Tokyo, Japan). Signs of glaucomatous optic neuropathy were considered rim thinning, 

excavation, presence of retinal nerve fiber layer defects and cup/disc ratio asymmetry greater 

than 0.2. Normal subjects were recruited from the general population and were required to 

have normal optic disc appearance in both eyes as well as no history of elevated intraocular 

pressure.
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The nGoggle

The nGoggle (nGoggle, Inc., San Diego, CA) (Figure 1) consists of a portable, objective 

BCI integrating wireless, easy-to-wear dry electroencephalogram (EEG) and 

electrooculogram (EOG) systems and a head-mounted display. The device contains a 

wireless neuromonitoring system-on-module, equipped with a dual-core embedded 

processor, assorted I/O interfaces and a dual-band 602.11a/b/g/n Wi-Fi + Bluetooth 4 radio. 

The device also detects 3D linear acceleration and 3D angular velocity simultaneously at 

200sps.

The nGoggle is capable of capturing electrophysiological signals from six EEG and four 

EOG channels. It uses customized flexible polymer-based dry EEG electrodes and foam-

based dry EOG electrodes for no-preparation wearing. Integrated low-noise pre-amplifiers 

and 24-bit sigma-delta analog-digital converters can perform synchronous data sampling up 

to 1000 samples per second (sps). Each channel is equipped with lead-off detection 

capability to check whether the electrode makes good contact with the scalp. The mfSSVEP 

Visual Stimuli Rendering Mobile App is based on OpenGL ES 2.0 to render multi-frequency 

multifocal visual stimuli on an Android phone with a 60fps display. The Signal Processing 

and Data Analysis Tool is equipped with a proprietary software that has been used in our 

high-speed BCI speller,27–29 which holds successive world records, and adapted to estimate 

the relative amplitudes, SNRs, phases, and correlations of mfSSVEP with multi-focal visual 

stimuli.

The six dry EEG sensors on the nGoggle were located at positions Pz, PO4, PO3, O1, Oz, 

and O2 according to the 10–20 international system. Visual stimuli (eFigure 1, online only) 

consisted of two patterns of 20 sectors involving the central 35° field of view, flickering at 

different frequencies (8 – 11.8 Hz with an interval of 0.2 Hz). The platform employs a 

frequency approximation approach in order to approximate flexible frequencies with 

variable number of frames in a stimulating period. This allows successful presentation of a 

large number of visual stimuli with different frequencies, overcoming limitations arising 

from the fixed display frequency rate. We have previously presented details of this technique 

elsewhere.30,31 Two patterns of visual stimuli were presented separately to enhance the 

signal-to-noise ratio in eliciting SSVEPs. The experiment consisted of three A-pattern 

sessions and three B-pattern sessions for each eye. Subjects were instructed to sit in a 

comfortable chair and to gaze at a red dot located in the center of visual stimuli. Each 

session per eye contained 30 trials of 6s duration, including 5s of visual stimulation followed 

by a 1s short break, totaling 3 minutes. Ninety-second data epochs comprising 6-channel 

mfSSVEPs were extracted from the recorded EEG data after band-pass filtering from 6 Hz 

to 25 Hz. Epochs with artifacts due to fixation losses were detected by the analysis of EOG 

channels and removed automatically using a customized algorithm. In this study, epochs 

whose EOG amplitudes exceeded a pre-defined threshold of ± 150 μV were removed.22

Spatial filters based on canonical correlation analysis (CCA) were applied to data epochs, 

according to a previously described technique.32,33 In brief, CCA is an extension of the 

ordinary correlation analysis to measure the underlying correlation between two sets of 

multidimensional variables. In the analysis of SSVEPs, the coefficients obtained by the CCA 

between EEG signals and synthesized computational models of SSVEPs were used as a 

Nakanishi et al. Page 4

JAMA Ophthalmol. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



spatial filter to remove noisy channels, leading to a measure robust to artifacts and 

spontaneous EEG activities.33 As CCA represents a correlation measure, it varies from 0 to 

1 with higher values indicating higher correlation between evoked EEG signals and ideal 

waveforms of SSVEPs. Therefore, normal eyes would be expected to show higher CCA 

values than eyes with glaucomatous neuropathy.

A global metric representing the overall mfSSVEP CCA metric for each eye was calculated 

as the average of values for each sector and used in the study. In addition, we also calculated 

sectoral measurements to correspond to superior, inferior, temporal and central areas of the 

field of view, approximating a previously published structure-function map by Garway-

Heath et al (eFigure 2, online only).34

Standard automated perimetry

SAP testing was conducted using program 24-2 and the SITA Standard testing algorithm 

(Humphrey Visual Field Analyzer II, Carl Zeiss Meditec, Dublin, CA). Visual fields with 

more than 25% fixation losses or more than 15% false-positive errors were excluded. SAP 

threshold sensitivities were obtained for each target location and averaged to calculate a 

global mean sensitivity (MS) value. The two locations just above and below the blind spot 

were not included in the analysis. SAP mean deviation (MD) and pattern standard deviation 

(PSD) were also evaluated as global parameters in this study. In addition, threshold 

sensitivities were averaged to correspond to nGoggle sectors as shown in eFigure 2 (online 

only).

Subjects underwent testing with SAP and the nGoggle within 3-months.

Statistical Analyses

Receiver operating characteristic (ROC) curves were constructed to assess the diagnostic 

ability of the nGoggle and SAP in discriminating glaucomatous eyes from normal eyes. The 

ROC curve provides the tradeoff between the sensitivity and 1 – specificity. The area under 

the ROC curve (AUC) was used to summarize the diagnostic accuracy of each parameter. An 

AUC of 1.0 represents perfect discrimination, whereas an area of 0.5 represents chance 

discrimination.

To account for the use of both eyes of the same subject in the analyses, a bootstrap 

resampling procedure (n = 1000 resamples) was used to derive confidence intervals. To 

account for the correlation between eyes, the cluster of data for the study subject was 

considered as the unit of resampling in order to adjust standard errors. This procedure has 

been previously used to adjust for the presence of multiple correlated measurements from 

the same unit.35

Sample Size and Power Calculation—For this investigation of diagnostic accuracy, 

sample size was calculated to detect a minimally significant difference of 0.1 between the 

areas under the ROC curves of diagnostic parameters, with a correlation of 0.6 between 

measurements and a 2:1 ratio of glaucoma to healthy eyes. For a power of 80%, the required 

sample size was calculated as 54 glaucomatous and 27 healthy eyes.
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Repeatability Assessment—Initial assessment of the repeatability of nGoggle 

measurements was obtained by collecting repeated testing in 20 eyes of 10 glaucomatous 

subjects. Subjects had 3 sessions of measurements separated by weekly intervals between 

sessions. For each eye, a coefficient of variation (CV) was calculated as the ratio of the 

standard deviation of the three measurements and the corresponding mean. Intraclass 

correlation coefficients (ICCs) were also used to evaluate test-retest variability. ICCs above 

0.75 are usually considered to indicate good reproducibility.

Statistical analyses were performed with commercially available software (Stata version 12; 

StataCorp, College Station, TX). The alpha level (type I error) was set at 0.05.

RESULTS

The investigation of the ability of the nGoggle to detect visual field loss included 62 eyes of 

33 glaucomatous patients and 30 eyes of 17 healthy subjects. Table 1 summarizes the 

clinical and demographic variables for the subjects included in the study. There was no 

statistically significant difference in mean age between glaucomatous and healthy subjects 

(68.2 ± 11.0 vs. 66.1 ± 9.9; P = 0.57). There were also no statistically significant differences 

in race or gender between glaucoma and healthy subjects.

The mean nGoggle global mfSSVEP parameter was lower for glaucoma eyes (0.289 

± 0.020) compared to normal eyes (0.334 ± 0.024; P <0.001) (Table 1). Table 2 shows AUCs 

and sensitivities at fixed specificities for the different nGoggle and SAP parameters. The 

AUC for the global nGoggle mfSSVEP parameter was 0.924 (95% CI: 0.863 – 0.964), 

which was larger than that for SAP MD (AUC = 0.813; 95% CI: 0.716 – 0.896; P=0.046), 

SAP MS (AUC = 0.797; 95% CI: 0.687 – 0.880; P=0.030) and SAP PSD (AUC = 0.768; 

95% CI: 0.657 – 0.858; P = 0.012). Figure 2 shows ROC curves for the mfSSVEP CCA 

parameter and for MD. For specificity at 80%, the mfSSVEP CCA parameter had sensitivity 

of 85%, compared to 64% for SAP MD. For specificity at 90%, the mfSSVEP CCA 

parameter had sensitivity of 71% versus 43% for SAP MD.

eTable 1 shows ROC curve areas for sectoral measurements obtained by the nGoggle and 

SAP. The ROC curve areas were generally larger for nGoggle than SAP, notably for the 

central area, although without statistically significant difference between corresponding 

sectors (P>0.10 for all comparisons).

Figure 3 illustrates an example of test results obtained by the nGoggle in a glaucomatous 

and a healthy eye, as well as SAP results in the same eyes.

Assessment of Repeatability

Repeatability of measurements obtained by the nGoggle was investigated in 20 eyes of 10 

glaucomatous subjects. These eyes had median SAP MD of −3.7 dB, ranging from −21.7dB 

to 0.1dB. Mean global mfSSVEP value on all tests of 0.289, ranging from 0.248 to 0.347. 

The average intraclass correlation coefficient (ICC) of the global mfSSVEP parameter was 

0.92 (95% CI: 0.82 – 0.97), which was greater than 0.75 (P<0.001). ICCs for sectors ranged 
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from 0.74 to 0.90. Mean coefficient of variation (CV) of the mfSSVEP global parameter was 

3.03% (95% CI: 2.19% – 3.87%), whereas CVs for sectors ranged from 4.14% to 7.45%.

DISCUSSION

In the present study, we described and provided initial validation of the nGoggle, a portable 

BCI device for objective assessment of visual field loss. The proposed device integrates 

EEG and a head-mounted display for assessment of mfSSVEP potentials in response to 

visual stimulation. Results from our study showed that the nGoggle was able to discriminate 

eyes with glaucomatous neuropathy from healthy eyes. In addition, measurements from the 

nGoggle showed adequate test-retest repeatability, suggesting that they may be useful for 

longitudinal monitoring of neural losses.

SSVEP signals obtained by the nGoggle were significantly lower in glaucomatous compared 

to healthy eyes, with an area under the ROC curve of 0.924. The ROC curve area for the 

global mfSSVEP parameter was superior to those obtained for SAP global parameters MS, 

MD and PSD. In order to allow an unbiased comparison between the diagnostic accuracies 

of SAP and the nGoggle, glaucoma diagnosis was based on masked assessment of optic disc 

photographs. Such approach has been used by several authors when investigating and 

comparing the diagnostic accuracies of multiple visual function tests for glaucoma. Sample 

et al36 reported ROC curve areas ranging from 0.60 to 0.80 for different SAP parameters 

when detecting glaucoma diagnosed based on assessment of optic disc photographs. 

Importantly, damage to the optic disc and retinal nerve fiber layer as seen on photographs 

has been shown to precede and predict the development of visual field defects in many eyes 

with glaucoma.37–39 In our study, 11 (18%) of the 62 eyes with glaucomatous optic 

neuropathy had SAP MD and PSD with P>5%, as well as Glaucoma Hemifield Test (GHT) 

result within normal limits, as compared to the Humphrey normative database, and would be 

classified as having normal fields in clinical practice. These eyes had average global 

mfSSVEP of 0.280 ± 0.010, which was significantly lower than that of the healthy eyes 

included in the study (0.334 ± 0.024; P<0.001). This finding suggests that the mfSSVEP 

signals obtained by the nGoggle may be able to detect glaucoma before the appearance of 

visual field defects on standard perimetry, a finding that has been previously shown in 

studies with conventional (non steady-state) and wet-electrode-based multifocal VEP 

devices in glaucoma.2,40–42

Although ROC curve areas tended to be larger for sectoral measurements from the nGoggle 

compared to SAP, no statistically significant differences were noted. Of note, the largest 

difference was seen for the central sector, with ROC curve areas of 0.805 vs. 0.680, 

respectively. This might reflect the relative insensitivity of the SAP 24-2 strategy for 

detection of glaucomatous damage in the central area, as shown by previous authors.43

The assessment of the repeatability of the nGoggle showed its measurements to exhibit low 

test-retest variability. The ICC was 0.92 and the coefficient of variation was 3.03% for the 

global mfSSVEP CCA parameter. These numbers are comparable to those previously 

described for traditional wired and wet-electrode multifocal VEP assessment.44 The low 

test-retest variability of the nGoggle seems to reflect the stability of SSVEP potentials and 

Nakanishi et al. Page 7

JAMA Ophthalmol. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



their known relatively high SNR and less susceptibility to artifacts, supporting its application 

for assessment of longitudinal change over time. However, future longitudinal studies are 

necessary to investigate the ability of the device in detecting progressive glaucomatous 

damage over time.

Our study was intended to perform an initial proof-of-concept of the feasibility of the 

nGoggle as a portable objective device for assessment of visual function. The portability and 

objectivity make the device promising for home-based assessment of visual function. With 

home-based testing, a much higher number of tests could be acquired over time, potentially 

making it easier to separate true change from test-retest variability. Although our study only 

investigated the use of the nGoggle in a controlled office-based setting, in a previous study 

we have shown the feasibility of acquiring reliable wireless SSVEP signals in subjects 

performing ordinary activities, such as walking on a treadmill.45 It is important to recognize, 

however, that home-based testing is likely to introduce unforeseen challenges and, therefore, 

carefully conducted studies will be necessary to validate the device for this application.

In conclusion, we presented the development and application of the nGoggle, a portable 

platform for objective assessment of visual function. The device was able to identify eyes 

with glaucomatous optic neuropathy and its measurements showed adequate repeatability. 

Future longitudinal investigations should assess whether the nGoggle is able to detect 

progressive glaucomatous damage over time.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY POINTS

Question

Is a portable brain-computer interface (BCI) for objective assessment of visual function 

able to discriminate glaucomatous from healthy eyes?

Findings

The nGoggle is a BCI that assesses multifocal steady-state visual evoked potentials in 

response to visual field stimulation. In this case-control study, nGoggle parameters were 

able to discriminate eyes with glaucomatous optic neuropathy from healthy eyes, as 

compared to standard automated perimetry.

Meaning

The BCI was able to detect glaucomatous damage in a clinic-based study and shows 

promise as a portable device for objectively assessing visual function loss.
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Figure 1. The nGoggle, a portable brain-computer interface for assessment of visual function
A. The nGoggle consists of a portable multifocal steady-state visual evoked potential-based 

visual function assessment platform, integrating wearable, wireless, dry 

electroencephalogram (EEG) and electrooculogram (EOG) systems and a head-mounted 

display. B. Subject photograph while undergoing testing with the nGoggle.
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Figure 2. Receiver operating characteristic curves for the global nGoggle parameter and SAP 
mean deviation
Receiver operating characteristic curves for the nGoggle global multifocal steady-state 

visual evoked potential (mfSSVEP) parameter and standard automated perimetry mean 

deviation (MD).
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Figure 3. Results from nGoggle and standard perimetry of glaucomatous and healthy eyes 
included in the study
A. Eye with glaucoma showing inferior loss of neuroretinal rim (arrow) and superior nasal 

visual field defect (arrow). B. Optic disc photograph and perimetric results of a healthy eye. 

C. Multifocal steady-state visual evoked potentials obtained by the nGoggle for the eyes in 

A (red) and B (blue). The figure illustrates processing for sectors 11.6Hz, located in the 

superior nasal region of defect; and 9.2Hz, located in the inferior temporal normal region. 

For the 11.6Hz frequency, the amplitude for the glaucoma eye (red arrow) is much lower 

than that for the healthy eye (blue arrow). For the 9.2Hz frequency, the amplitudes are 

almost identical. The final pattern of nGoggle sectoral results are show in greyscale in the 

rightmost column.
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Table 1

Demographic and clinical variables of the glaucomatous and healthy participants/eyes included in the study. 

Values represent mean ± standard deviation unless otherwise noted.

Glaucoma (n = 62 eyes of 33 subjects) Healthy (n = 30 eyes of 17 subjects) P

Age, years 68.2 ± 11.0 66.1 ± 9.9 0.57

Gender, female, n (%) 8 (47) 16 (48) 0.92

Race, n(%)

 White 19 (58) 9 (53) 0.498

 Black 12 (36) 8 (47)

 Asian 2 (6) 0

SAP MS, dB* 24.8 (17.5 – 27.7) 29.1 (26.8 – 30.7) <0.001

SAP MD, dB* −4.0 (−12.7 – −1.8) −0.6 (−2.4 – 1.0) <0.001

SAP PSD, dB* 4.7 (2.2 – 9.9) 1.9 (1.4 – 3.0) <0.001

nGoggle global mfSSVEP 0.289 ± 0.020 0.334 ± 0.024 <0.001

*
median (interquartile range).

Abbreviations: MS – mean sensitivity, MD – mean deviation; PSD – pattern standard deviation; mfSSVEP – multifocal steady-state visual evoked 
potential; CCA – canonical correlation analysis
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Table 2

Areas under the receiver operating characteristic (AUC) curves and sensitivities at fixed specificities to 

discriminate glaucoma from healthy eyes for the nGoggle global multifocal steady-state visual evoked 

parameter and standard automated perimetry (SAP) parameters.

AUC (95% CI) Sensitivity for Specificity at 80% Sensitivity for Specificity at 90%

nGoggle global mfSSVEP 0.924 (0.863 – 0.964). 85% (71% – 95%) 71% (53% – 87%)

SAP MD 0.813 (0.716 – 0.896) 64% (45% – 82%) 43% (23% – 68%)

SAP MS 0.797 (0.687 – 0.880) 60% (39% – 77%) 39% (18% – 59%)

SAP PSD 0.768 (0.657 – 0.858) 61% (40% – 75%) 47% (24% – 66%)

Abbreviations: MS – mean sensitivity, MD – mean deviation; PSD – pattern standard deviation; mfSSVEP – multifocal steady-state visual evoked 
potential
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