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Abstract
This study was designed to evaluate iVue Spectral-domain optical coherence tomography

(SD-OCT) effectiveness in screening for eye disease compared to clinical examination.

Subjects were recruited from the Casey Eye Community Outreach Program Mobile Clinic

during its routinely scheduled outreach clinics to indigent, underserved populations

throughout Oregon. Macular optical coherence tomography interpretation and automated

optical coherence tomography analysis were compared to the clinical examination, with

specific attention to findings indicative of retinal abnormalities, risks for glaucoma, and

narrow angles. As a result, a total of 114 subjects were included in this study. In diabetics,

optical coherence tomography and clinical exam were in fair agreement (kappa¼ 0.39),

with 22% of eyes having abnormal findings on macular optical coherence tomography and

26% of eyes having diabetic retinopathy or diabetic macular edema on fundus exam. In

non-diabetics, optical coherence tomography and clinical exam were in fair agreement

(kappa¼ 0.28), with 11% of eyes having abnormal findings on macular optical coherence

tomography and 9% on fundus exam. Using optical coherence tomography ganglion cell

complex and retinal nerve fiber layer analysis, 18% of eyes were found to be glaucoma

suspects, whereas clinical exam of cup-to-disc ratio detected 8% and intraocular pressure 5%. Agreements between optical

coherence tomography and other methods were poor (kappa<0.11) for glaucoma suspect. Anterior segment optical coherence

tomography of the angle found 8% of eyes to have occludable angles, whereas slit lamp and gonioscopy found 5% of eyes to

have narrow angles, with moderate agreement (kappa¼ 0.57). In summary, optical coherence tomography detected additional

retinal abnormalities, glaucoma suspects, and narrow angles compared to clinical exam alone and may serve as a useful adjunct

to the clinical exam in screening for eye disease in a low-risk, medically underserved, ethnically diverse population.
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Introduction

The prevalence of blindness and visual impairment is pro-

jected to double by 2050 in the United States, but approxi-

mately 50% of those with vision-threatening diseases

remain undiagnosed and untreated.1,2 Community eye

screening programs can detect common and potentially

blinding eye diseases such as diabetic retinopathy, macular

degeneration, and glaucoma, all of which benefit from early
treatment. The Casey Eye Community Outreach Program
Mobile Clinic is an ophthalmology clinic designed to pro-
vide free eye screenings to underserved populations
throughout the state of Oregon. The program uses volun-
teer eye doctors to provide on-site eye exams in a van
equipped with basic ophthalmic equipment including a
slit lamp, tonometry, and an indirect ophthalmoscope, but

Impact statement
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as a stand-alone screening tool. OCT of the

anterior segment detected more and the
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clinical exam and may be an ideal tool for

narrow angle screening due to its non-

invasive nature and ease of use.
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not machines for visual field testing or optical coherence
tomography (OCT). Advancement in diagnostic testing beg
the question whether testing modality such as OCTcan be a
useful adjunct to detect additional cases to prevent future
visual impairment.

OCT has become one of the most commonly utilized
imaging procedures in the diagnosis and management of
eye diseases including macular degeneration, diabetic ret-
inopathy, and glaucoma.3 However, it has not been widely
adapted for disease screening due to several factors. The
machine can be large and not transportable. It may require
skilled photographers to acquire good quality images. And
its diagnostic utilities were often studied in patients with
single diseases rather than in the primary screening setting
where multiple eye diseases are being tested for. OCT has
the potential as a screening tool for several reasons. The test
is easy for patients to undergo, as it is non-invasive and
quick. It is inexpensive, with Medicare reimbursement at
about $50, making it financially feasible to perform the test
on a large population. Recently, more portable and compact
OCT models have been developed, and their ability to aid
community screening programs for multiple eye diseases
need to be studied. This study investigates the utility of
OCT as a supplemental screening tool for diabetic retinop-
athy, diabetic macular edema, glaucoma, and narrow
anterior-chamber angle.

Materials and methods

Institutional Review Board

Institutional Review Board (IRB) approval was obtained
through the Oregon Health & Science University IRB
Committee, which included a waiver of consent. An infor-
mation sheet for study participants containing the study
protocol and its risks and benefits was submitted to the
IRB and approved. This information sheet was provided
to each study participant and reviewed with them.

Subjects

The Casey Eye Community Outreach Program Mobile
Clinic is an ophthalmology clinic designed to provide free
eye screenings to underserved populations throughout the
state of Oregon. Study subjects were recruited from out-
reach program participants from January 2012 to October
2012, with no additional visits scheduled for this study.
Self-reported information includes age, gender, history of
diabetes (yes or no) and years since diagnosis, history of
glaucoma (yes or no), prior ocular surgery (yes or no), and
prior ocular trauma (yes or no). Each subject underwent a
complete eye exam, including visual acuity, autorefraction,
subjective refraction, confrontational visual fields, extraoc-
ular movements, intraocular pressure, pupil exam, slit
lamp exam, and dilated fundus exam. The clinicians per-
forming the anterior and posterior segment exams were
volunteer ophthalmology faculty members and residents,
not recruited for this study. Ophthalmologists were
instructed to complete the exam and record their findings
before reviewing any OCT images. They could use the OCT

images for clinical management, but these real-time inter-
pretations were not used for this study.

OCT and grading

A compact OCTunit, iVue spectral-domain OCT (Optovue,
Fremont, CA), was chosen for screenings on the outreach
van because of its portability, compact size, ease of use, and
compatibility to be operated with a laptop computer. The
iVue is FDA approved and capable of scanning both the
anterior and posterior segments of the eye. It has a
26 kHz scan rate, a light source with a central wavelength
of 840 nm, and 5-mmdepth resolution. It was brought on the
van and operated by a trained technician (Figure 1(a)).
Anterior segment and dilated posterior segment macular
and optic disc OCT scans were obtained for each eye. The
macular OCT was obtained using the manufacturer’s
“iWellness” protocol (Figure 1(b)). The optic disc OCT
was obtained using the manufacturer’s “glaucoma scan”
protocol (Figure 1(c)). The anterior segment angle scan is
a single B-scan of the iridocorneal angle (Figure 1(d)). For
all scan protocols, each type of scan was performed once,
except for a repeat scan to replace the original if the signal
strength index was lower than 40.

The iWellness OCT scans were read independently at a
remote location by three retina specialists who were not
given clinical information about the patients and did not
examine the patients. The OCT provided a whole retinal
thickness map and value with nine sectors (Figure 1(b)).
The retinal thickness was considered abnormal if any
sector was below 5% or above 95% of the manufacturer’s
normative database. The OCT also provided five high-
definition cross-sectional images near the fovea (Figure 1
(b)). Using these images alone, the retina specialists were
asked to comment on the presence or absence of the find-
ings indicated in Table 1. If at least two out of the three
retina specialists agreed, this was considered a true finding.
Macular edema on OCT was decided when two or more
readers agreed on the presence of retinal thickening, intra-
retinal fluid, cystoid macular edema, or subretinal fluid.

The glaucoma scans were analyzed using automated
parameters previously described.4 Three ganglion cell com-
plex (GCC) variables from the iWellness macular scan
(overall average, inferior hemisphere average, and superior
hemisphere average thickness), and three retinal nerve
fiber layer (RNFL) variables from the glaucoma optic
nerve scan (overall average, inferior quadrant average,
and superior quadrant average thickness) were analyzed.
If any variable was below the 99th percentile of the norma-
tive database, the eye was considered a glaucoma suspect.
By combining six variables, we expected to obtain 95%
specificity.

The iridocorneal angle was measured by OCT using a
previously described method.5 The distance from
Schwalbe’s line (the termination of the corneal endotheli-
um) to the iris, that is perpendicular to the line between
Schwalbe’s line and scleral spur, was measured by the tech-
nician. If this distance was less than 290 mm, it was consid-
ered occludable with specificity as high as 87%.5
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Clinic exam

Chart review was performed to record diagnosis and exam
findings of diabetic eye disease (mild, moderate, to severe
diabetic retinopathy with the presence or absence of mac-
ular edema), glaucoma suspect, and narrow angles. We
recorded diabetic retinopathy as proliferative or non-
proliferative. Glaucoma suspect was diagnosed based on
notching of the disc rim, increased cup-to-disc ratio
(>0.5) on fundus exam, or ocular hypertension (OHT) if
intraocular pressure was greater than 21 mmHg. Narrow
angles were primarily evaluated by Van Herick method at
the slit lamp, as gonioscopy was performed on only three
patients at the clinician’s discretion. No standard angle
grading method was utilized. The mobile clinic was not
equipped with any other testing modalities such as
fundus photo and visual field machines.

Statistics

The OCT results (combining automated analysis and spe-
cialist grading) and clinic exams were compared for agree-
ment using Venn diagrams plus kappa,6 McNemar test,7

and F1-score. Given a 2� 2 table with cells of true positive
(TP), true negative (TN), false positive (FP), and false neg-
ative (FN), the kappa used all four cells, including both the
agreement and disagreement cells; the McNemar test only
used the disagreement cells, FP and FN; the F1-score meas-
ures of a model’s accuracy, uses TP, FN, and FP. The three
agreement measurements are related, but may have differ-
ent trend depending on the balance of cells and classes. We
gave all three of them; thus clinician may choose based on
the cost and importance of each cell in real life. We charac-
terized kappa values< 0 as indicating no agreement and 0–
0.20 as slight, 0.21–0.40 as fair, 0.41–0.60 as moderate, 0.61–
0.80 as substantial, and 0.81–1 as almost perfect agreement.8

McNemar p< 0.05 means one method is significantly sen-
sitive than other methods. F1-score close to 1 means good

agreement. The statistical analysis was done with Matlab
(MathWorks, Natick, MA).

Results

Of the 118 subjects enrolled in the study, four were exclud-
ed from incomplete clinical exams, and two from incom-
plete or poor-quality OCT imaging. The remaining 114
subjects had the following demographics: the average age
of the 114 subjects was 45.5�12.0 years, with 36% being
female and 74% being male. The race/ethnicity of the sub-
jects was as follows: 40%white, 36%Hispanic or Latino, 8%
black or African American, 6% American Indian or Alaskan
Native, 3% Asian, and 3% more than one race, and 5% no
response/declined to answer. Fifty-seven participants
(50%) reported a history of diabetes, with an average dis-
ease duration of 8.0�7.1 years. The average logMAR visual
acuity (VA) in the better-seeing eye was 0.12�0.22, equiva-
lent to Snellen VA of 20/26. In the worse-seeing eye, the
average logMAR VA was 0.20�0.27, equal to Snellen VA
of 20/32.

Retinal abnormality

Thirty-nine (34.2%) diabetic eyes and 19 (16.7%) non-
diabetic eyes had abnormal retinal findings based on
either clinical exams or OCT. Among patients with diabe-
tes, 28 eyes (16 patients) had diabetic retinopathy based on
clinical exam, and 25 eyes (14 patients) had retinal abnor-
mality based on OCT images; 11 eyes were diagnosed by
OCTalone without clinical exam confirmation, and 14 eyes
were diagnosed on the clinical exam alone without OCT
findings (Figure 2(a)). The most common abnormality on
OCT was retinal thickening and thinning among diabetic
patients (Table 1). The agreement between the OCT and
clinical findings was fair (Table 2, kappa¼ 0.39). Among
the 11 diabetic patients who had findings on OCT only,
nine had macular edema that was not identified on clinical

Table 1. Macular abnormality findings on OCT.

Number of eyes

Finding on macular OCT

Diabetic eyes

n5114

Number of eyes (%)

Non-diabetic eyes n5 114

Number of eyes (%)

Total n5 228

Number of eyes (%)

Retinal thickening or thinning 12 (11) 4 (4) 16 (7)

Irregular RPE 5 (4) 4 (4) 9 (4)

Intraretinal fluid 5 (4) 1 (1) 6 (3)

Hyper-reflective spots in retina 5 (4) 0 5 (2)

Photoreceptor damage 2 (2) 2 (2) 4 (2)

ERM 2 (2) 2 (2) 4 (2)

Pigment epithelial detachment 1 (1) 1 (1) 2 (1)

Ganglion cell complex thinning 0 1 (1) 1 (<0.5)

Drusen 1 (1) 0 1 (<0.5)

Vitreomacular adhesion with traction 1 (1) 0 1 (<0.5)

Preretinal hemorrhage 0 0 0

Macular hole 0 0 0

Subretinal fluid 0 0 0

Subretinal tissue 0 0 0

Total findings 34 15 49

Total number of eyes with findings 25 (22) 13 (11) 38 (17)

RPE: retinal pigment epithelium; OCT: optical coherence tomography; ERM: epiretinal membrane.
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Table 2. Agreement test between clinical exam and OCT.

Abnormality Kappa

McNemar Test

p-Value F1-Score

Retinal abnormality in DR eyes 0.35 0.85 0.52

Retinal abnormality in non-DR Eyes 0.28 0.61 0.35

Retinal abnormality in all eyes 0.35 0.76 0.47

Glaucoma abnormality in all eyes (OCT vs. disc examþocular hypertension) 0.10 0.21 0.24

Glaucoma abnormality in all eyes (OCT vs. disc exam) <0.01 <0.01 0.08

Glaucoma abnormality in all eyes (OCT vs. ocular hypertension) 0.11 <0.01 0.21

Narrow angle abnormality in all eyes 0.57 0.04 0.60

DR: Diabetic retinopahty; OCT: optical coherence tomography.

Figure 2. Rates of diagnoses between OCT and clinical exam for (a) diabetic eye disease (including diabetic retinopathy and diabetic macular edema), (b) retinal

abnormality in non-diabetic patients, (c) glaucoma suspect, and (d) narrow angle. OHTN: ocular hypertension.

Figure 3. An example of diabetic macular edema found only on OCT and not on clinical exam. The OCT shows loss of the foveal contour and the presence of a single

intraretinal cyst. Clinical exam revealed moderate to severe non-proliferative diabetic retinopathy without clinically significant macular edema. Best-corrected visual

acuity was 20/25.
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exam. Figure 3 demonstrates an example of subclinical
macular edema found on OCT and not on clinical exam.
Among the 14 eyes with only diabetic retinopathy findings
on clinical eye examination but not on OCT, all except one
had mild non-proliferative diabetic retinopathy or back-
ground diabetic retinopathy.

Among patients without diabetes, 10 eyes (six patients)
had abnormal retinal finding based on clinical exam, and 13
eyes (10 patients) had retinal abnormality based on OCT
finding; nine eyes were diagnosed by OCT alone without
clinical exam confirmation, and six eyes were diagnosed on
the clinical exam alone without OCTconfirmation (Figure 2
(b)). The most common finding on OCT was retinal thick-
ening/thinning and irregular RPE, while the most common
findings on clinical exam were chorioretinal scars, epireti-
nal membrane, and early macular degeneration (Table 1).
The agreement between OCT and clinical exam was fair
(Table 2, kappa¼ 0.28). For the macular OCT reading for
all eyes, the agreement among the three retinal specialists
ranged from fair to moderate (kappa ¼0.31–0.54).

Glaucoma suspect. A total of 60 eyes (26.3%) were diag-
nosed as glaucoma suspects: 19 by disc exam, 12 by intra-
ocular pressure, and 39 by OCT. Thirty-one eyes were
diagnosed by OCT alone, 11 by disc exam alone, and 9 by
ocular hypertension alone (Figure 2(c)). No eyes were diag-
nosed as glaucoma suspect by all three methods.
Agreement between OCT and disc exam was very poor
(Table 2, kappa< 0.01). OCT detects significantly more
cases than either OHT or disc exam alone (McNemar,
p< 0.01) but not the combination of disc exam and OHT
(McNemar, p¼ 0.21).

Narrow angles. A total of 21 eyes (10.9%) were diagnosed
with narrow angle, with 11 by clinical exam and 19 by ante-
rior segment OCT (Figure 2(d)). Among the 11 eyes with
narrow angle by clinical exam, nine were by Van Herick
method on slit lamp exams and two were by gonioscopy
at the clinicians’ discretion. Nine eyes were diagnosed by
both clinical exam and anterior OCT, but 10 eyes were diag-
nosed by only OCT and not clinical exam, while only two
eyes were diagnosed by clinical exams (Van Herick
method) and not OCT (Figure 2(d)). Agreement between
OCT and disc exam was moderate (Table 2, kappa¼ 0.57).
OCT detected significantly more eyes with narrow angles
than clinical exam (McNemar, p¼ 0.04).

Discussion

This study evaluated the rate of disease detection of three
types of ocular conditions using iVue SD-OCT system com-
pared with the clinical exam in a community outreach
screening program. The program found a high prevalence
of retinal abnormality among diabetic patients and glauco-
ma suspects (27.3% and 26.3%), followed by retinal abnor-
malities in non-diabetic subjects (16.7%) and narrow angle
(10.9%). The prevalence in our study was higher than the
national average, likely due to the at-risk screening popu-
lation. Adding OCT testing detected additional glaucoma
suspect, narrow angle, and retinopathies among diabetic

and non-diabetic subjects that were not picked up by clin-
ical exams. In fact, OCTalone detected half of the glaucoma
suspect not caught by disc exams or tonometry. OCT also
detected narrow angles in all but two cases diagnosed on
clinical exam. This is the first study using this model of
compact OCT system to screen for retinopathy, glaucoma,
and narrow angles.

In retinopathy screening, OCT and clinical exam
detected equal number of eyes with abnormality in diabetic
patients, with about 1/3 by OCTalone, 1/3 by clinical exam
alone, and 1/3 with both modalities. OCT was better at
detecting diabetic macular edema and retinal thickening.
The clinical exam was better at detecting intraretinal hem-
orrhage, microaneurysms, venous beading, and intraretinal
microvascular abnormalities. The clinical exam was also
better at examining the peripheral retina and detecting
findings outside the area scanned by OCT. While retinal
abnormalities found on OCT alone may have subclinical
visual significance at the time of screening, it provides evi-
dence of retinopathy that may allow an opportunity for
early intervention before visual impairment occurs. OCT
and clinical exam likely complement each other and are
both needed to detect retinal abnormalities.

For glaucoma suspect, OCTalone detected 65% (39 eyes)
of the cases, and OCT detected an additional 31 eyes that
were not picked up by clinical exam or intraocular pres-
sure. Studies have found that glaucoma screening using
intraocular pressure missed 50% of the cases,1,9–11 and
optic nerve exam by glaucoma specialists have poor agree-
ments.12 Previous study has found the iVue SD-OCT model
to have high sensitivity (0.96) and specificity (0.90) for glau-
coma and can be performed by non-expert personnel in
undialed eyes.13 Another study comparing detection
between frequency doubling technologies (FDT) visual
field testing and iVue OCT found that OCT performed sig-
nificantly better than FDT.14 In an outreach screening pro-
gram without the equipment or capacity for fundus
photography or visual field testing, OCT is likely to
detect glaucoma not otherwise apparent on clinical exam.

Anatomical narrow angle is a risk factor for angle closure
glaucoma, which has found to be more severe and visual
impairing than themore common primary open angle glau-
coma. Gonioscopy, the gold standard exam for narrow
angle, requires a skilled ophthalmologist to perform, and
screening efforts using gonioscopy are impractical. Our
study showed the highest moderate agreement between
OCT and clinical exam in the detection for narrow angle.
OCT detected the majority of narrow angle cases found on
clinical slit lamp exam, andOCTdiagnosed an additional 10
eyes not caught on clinical exams. However, we did not
perform the gold-standard gonioscopy to confirm the diag-
nosis. Van Herick test of <25% was found to have similar
sensitivities but higher specificity than anterior segment
OCT from a Cochrane review.15 However, in our outreach
program, the van Herick test grading was not standardized
and did not describe the percentage of narrowing. Prior
studies have found high reproducibility of the angle assess-
ment using iVue OCT as well as between different OCT
machines.16 OCT evaluation of the angle could be a useful
screening tool because it does not require a skilled
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ophthalmologist to perform the gonioscopy exam and its
non-contact nature improves patient acceptance and com-
fort. It can be beneficial in populations with a higher prev-
alence of angle closure where screening for occludable
angles and subsequent referral for treatment such as laser
peripheral iridotomy could effectively prevent blindness.

The agreement of OCTretinal findings between the three
retinal specialists was at best moderate. This level of agree-
ment may suggest that OCT interpretation remotely with-
out clinical context or associated fundus exam can be
challenging. Previous studies have shown a higher correla-
tion between multiple remote OCT readers.17,18 Training
and standardization for OCT interpretation may improve
the inter-observer agreement. This study has several limi-
tations. First, this study was not a clinical trial specifically
designed to evaluate the diagnostic powers of OCT. Instead,
it assessed the additional case detection found by a compact
OCT system in an existing community outreach program
run by volunteer ophthalmologists. The volunteer ophthal-
mologists’ different levels of training, varied subspecialties,
and the lack of standardized exam and recording protocols
likely contributed to inconsistency in the clinical exam
findings. Second, we did not confirm diagnosis after the
referrals were made to obtain the sensitivity and specificity
of each diagnostic modality. The doctors on the outreach
van provided referral for follow-up care if needed. Still,
the results from full assessment by a specialist or compre-
hensive eye provider was not available to us. Therefore, it is
unknown if the additional OCT testing indeed increased
diagnostic sensitivity or merely increased the FP rate.
Thirdly, the OCT testing and data analysis was done in
2012–2013, and there have been significant advancements
inOCT technology since then. The original iVuemodel has a
scanning speed of 26,000Hz. Most current OCT machines
across different manufacturers have scan speeds between
50,000 and 100,000Hz. It is generally accepted that higher
speed OCT reduces testing time and is better tolerated by
patients. It also makes high density 3D volumetric scan pos-
sible, which enhances the detection of anatomic abnormal-
ities. Newer high-speed platforms also incorporate OCT
angiography, which greatly improves the detection of vas-
cular abnormalities.19–24 Image segmentation and quantifi-
cation algorithms have generally improved over the years.
However, there is still a need to develop artificial intelli-
gence algorithms to detect and classify pathologies on
OCT images to perform referral decisions in real-time with-
out expensive human clinicians on site.

Portability of the OCT system is critical in screening
with OCT. For example, the OCT system in this study
was considered because it was compact enough to set
into the van. Besides portability, it is also crucial for screen-
ing OCT to have the availability of automated acquisition
software to assist operators with relatively low levels of
training. Several low-cost portable OCT machines have
been developed, but the lack of automated scanning and
software programs for disease detection makes them chal-
lenging to perform eye screening in a population setting.
Several commercially available, relatively compact OCT
models (i.e. iScan from Optovue, USA, and Maestro2
from Topcon, Japan) are equipped with fully automated

scanning and verified diagnostic software. Studies using
these OCT machines are needed to determine their utility
in eye screening programs.

Comprehensive eye screening studies on OCT have been
surprisingly sparse in the literature, as studies tend to eval-
uate diseases separately. In diabetic retinopathy, OCT is
thought to improve diagnostic accuracy, particularly in
macular edema while reducing cost,25–27 although a study
found no additional benefit by adding a portable OCT
(Maestro, Topcon, Japan) to fundus photo in an
Aboriginal screening program.28 In glaucoma, studies
showed that a newer iVue model and a fully automated
OCT-I Maestro (Topcon Corp., Tokyo, Japan) were able to
achieve higher sensitivities and specificities,13,29 but the
findings have not been confirmed in populational screen-
ing. Studies on angle assessment using OCT are limited,
and no screening studies have been found using OCT
from a literature review.

In conclusion, remote OCT reading can detect
additional retina pathologies, glaucoma suspect, and
narrow angle beyond clinical exams in a community out-
reach screening program, but it is not a sufficient stand-
alone tool for screening. Further work is necessary for
assessing OCT as a screening tool for eye disease.

AUTHORS’ CONTRIBUTIONS

OT, YL, DH, and MFC designed the study. OT, AC, and DH
wrote the article and all coauthors critically commented and/
or edited the article. DH supervised the project. SB, TH, and
AL did the OCT reading on retina. YL did the OCT reading on
anterior chamber.

ACKNOWLEDGEMENTS

Thank Katie Coughlin Price from Casey Eye Institute
Outreach Van. Thank Janice Ladwig to perform the OCT
scan from Casey Eye Institute Outreach Van.

DECLARATION OF CONFLICTING INTERESTS

Oregon Health & Science University (OHSU), Dr. Huang, Dr.
Tan and Dr. Li have significant financial interests in Optovue,
a company that may have a commercial interest in the results
of this research and technology. These potential conflicts of
interest have been reviewed and managed by OHSU.

ETHICAL APPROVAL

IRB approval (IRB00008038) was obtained through the Oregon
Heath & Science University IRB Committee, which included a
waiver of consent. An information sheet for study participants
containing the study protocol and its risks and benefits was
submitted to the IRB and approved. This information sheet
was provided to each study participant and reviewed with
them.

FUNDING

This study was funded by NIH grants R01 EY023285, R21
EY032146, R01 EY027833, R01 EY024544, and P30 EY010572,
Champalimaud Foundation, and an unrestricted grant from

2220 Experimental Biology and Medicine Volume 246 October 2021
...............................................................................................................................................................



Research to Prevent Blindness to Casey Eye Institute; and pri-
vate donors who fund the Casey Eye Institute Outreach Van.

ORCID iDs

Ou Tan https://orcid.org/0000-0002-6523-0048
Aiyin Chen https://orcid.org/0000-0002-2125-948X

REFERENCES

1. Shaikh Y, Yu F, Coleman AL. Burden of undetected and untreated glau-

coma in the United States. Am J Ophthalmol 2014;158:1121–9 e1

2. Varma R, Vajaranant TS, Burkemper B, Wu S, Torres M, Hsu C,

Choudhury F, McKean-Cowdin R. Visual impairment and blindness

in adults in the United States: demographic and geographic variations

from 2015 to 2050. JAMA Ophthalmol 2016;134:802–9
3. American Academy of Ophthalmology. 2017 AAO IRIS Registry data-

base results in the David E. I. Pyott Glaucoma Education Center on

AAO website, https://app.powerbi.com/view?r=eyJrIjoiNmYwYjQ3

MTgtY2YxNy00ZDNmLTg3MGMtZmU1ZTUxYzhiOTU1IiwidCI6Ijkx

MjJmZGQzLTc2MmMtNDViZS1hY2Q1LTkzNGY3MTc1YWQ1OSIsIm

MiOjZ9 (2017, accessed 26 July 2021)

4. Banister K, Boachie C, Bourne R, Cook J, Burr JM, Ramsay C, Garway-

Heath D, Gray J, McMeekin P, Hernandez R, Azuara-Blanco A. Can

automated imaging for optic disc and retinal nerve fiber layer analysis

aid glaucoma detection? Ophthalmology 2016;123:930–8

5. Qin B, Francis BA, Li Y, Tang M, Zhang X, Jiang C, Cleary C, Huang D.

Anterior chamber angle measurements using Schwalbe’s line with

high-resolution Fourier-domain optical coherence tomography.

J Glaucoma 2013;22:684–8

6. Viera AJ, Garrett JM. Understanding interobserver agreement: the

kappa statistic. Fam Med 2005;37:360–3

7. Mc NQ. Note on the sampling error of the difference between correlat-

ed proportions or percentages. Psychometrika 1947;12:153–7
8. Jadad AR, McQuay HJ. Searching the literature. Be systematic in your

searching. Bmj 1993;307:66
9. Garzon C, Odayappan A, Kavitha S, Venkatesh R, Friedman DS. The

impact of routinely measuring IOP in younger adults to screen for

glaucoma in a large eye hospital. J Glaucoma 2020;29:362–6

10. Weinreb RN, Khaw PT. Primary open-angle glaucoma. Lancet

2004;363:1711–20

11. Sommer A, Tielsch JM, Katz J, Quigley HA, Gottsch JD, Javitt J, Singh K.

Relationship between intraocular pressure and primary open angle

glaucoma among white and black Americans: the Baltimore eye

survey. Arch Ophthalmol 1991;109:1090–5
12. Varma R, Steinmann WC, Scott IU. Expert agreement in evaluating the

optic disc for glaucoma. Ophthalmology 1992;99:215–21

13. Liu MM, Cho C, Jefferys JL, Quigley HA, Scott AW. Use of optical

coherence tomography by nonexpert personnel as a screening

approach for glaucoma. J Glaucoma 2018;27:64–70

14. Dabasia PL, Fidalgo BR, Edgar DF, Garway-Heath DF, Lawrenson JG.

Diagnostic accuracy of technologies for glaucoma case-finding in a

community setting. Ophthalmology 2015;122:2407–15

15. Jindal A, Ctori I, Virgili G, Lucenteforte E, Lawrenson JG. Non-contact

tests for identifying people at risk of primary angle closure glaucoma.

Cochrane Database Syst Rev 2020;5:CD012947

16. Akil H, Marion K, Dastiridou A, Jenkins D, Kramer B, Francis BA,

Chopra V. Identification of anterior chamber angle parameters with a

portable SD-OCT device compared to a non-portable SD-OCT. Int
Ophthalmol 2017;37:31–7

17. Ouyang Y, Heussen FM, Keane PA, Sadda SR, Walsh AC. The retinal

disease screening study: retrospective comparison of nonmydriatic

fundus photography and three-dimensional optical coherence tomog-

raphy for detection of retinal irregularities. Invest Ophthalmol Vis Sci
2013;54:5694–700

18. Ouyang Y, Heussen FM, Keane PA, Sadda SR, Walsh AC. The retinal

disease screening study: prospective comparison of nonmydriatic

fundus photography and optical coherence tomography for detection

of retinal irregularities. Invest Ophthalmol Vis Sci 2013;54:1460–8
19. Camino A, Zhang M, Gao SS, Hwang TS, Sharma U, Wilson DJ, Huang

D, Jia Y. Evaluation of artifact reduction in optical coherence tomogra-

phy angiography with real-time tracking and motion correction tech-

nology. Biomed Opt Express 2016;7:3905–15
20. Chen TC, Hoguet A, Junk AK, Nouri-Mahdavi K, Radhakrishnan S,

Takusagawa HL, Chen PP. Spectral-domain OCT: helping the clinician

diagnose glaucoma: a report by the American Academy of

Ophthalmology. Ophthalmology 2018;125:1817–27

21. Chen Y, Hong YJ, Makita S, Yasuno Y. Three-dimensional eye motion

correction by Lissajous scan optical coherence tomography. Biomed Opt
Express 2017;8:1783–802

22. Chung CS, Nesper PL, Park JJ, Fawzi AA. Comparison of Zeiss cirrus

and Optovue RTVue OCT angiography systems: a quantitative and

qualitative approach examining the three capillary networks in diabetic

retinopathy. Ophthalmic Surg Lasers Imaging Retina 2018;49:e198–e205

23. KrausMF, Potsaid B, MayerMA, Bock R, Baumann B, Liu JJ, Hornegger

J, Fujimoto JG. Motion correction in optical coherence tomography

volumes on a per A-scan basis using orthogonal scan patterns.

Biomed Opt Express 2012;3:1182–99
24. Stanga PE, Tsamis E, Papayannis A, Stringa F, Cole T, Jalil A. Swept-

Source optical coherence tomography AngioTM (Topcon Corp, Japan):

technology review. Dev Ophthalmol 2016;56:13–7
25. Prescott G, Sharp P, Goatman K, Scotland G, Fleming A, Philip S, Staff

R, Santiago C, Borooah S, Broadbent D, Chong V, Dodson P, Harding S,

Leese G, Megaw R, Styles C, Swa K,Wharton H, Olson J. Improving the

cost-effectiveness of photographic screening for diabetic macular

oedema: a prospective, multi-centre, UK study. Br J Ophthalmol
2014;98:1042–9

26. Wang YT, Tadarati M,Wolfson Y, Bressler SB, Bressler NM. Comparison

of prevalence of diabetic macular edema based on monocular fundus

photography vs optical coherence tomography. JAMA Ophthalmol
2016;134:222–8

27. Wong RL, Tsang CW, Wong DS, McGhee S, Lam CH, Lian J, Lee JW, Lai

JS, Chong V,Wong IY. Arewemaking good use of our public resources?

The false-positive rate of screening by fundus photography for diabetic

macular oedema. Hong Kong Med J 2017;23:356–64
28. O’Halloran RA, Turner AW. Evaluating the impact of optical coherence

tomography in diabetic retinopathy screening for an aboriginal popu-

lation. Clin Exp Ophthalmol 2018;46:116–21
29. Nakano T, Hayashi T, Nakagawa T, Honda T, Owada S, Endo H,

Tatemichi M. Applicability of automatic spectral domain optical coher-

ence tomography for glaucoma mass screening. Clin Ophthalmol
2017;11:97–103

(Received May 7, 2021, Accepted July 1, 2021)

Tan et al. Evaluating OCT for the screen of eye disease 2221
...............................................................................................................................................................

https://orcid.org/0000-0002-6523-0048
https://orcid.org/0000-0002-6523-0048
https://orcid.org/0000-0002-2125-948X
https://orcid.org/0000-0002-2125-948X
https://app.powerbi.com/view?r=eyJrIjoiNmYwYjQ3MTgtY2YxNy00ZDNmLTg3MGMtZmU1ZTUxYzhiOTU1IiwidCI6IjkxMjJmZGQzLTc2MmMtNDViZS1hY2Q1LTkzNGY3MTc1YWQ1OSIsImMiOjZ9
https://app.powerbi.com/view?r=eyJrIjoiNmYwYjQ3MTgtY2YxNy00ZDNmLTg3MGMtZmU1ZTUxYzhiOTU1IiwidCI6IjkxMjJmZGQzLTc2MmMtNDViZS1hY2Q1LTkzNGY3MTc1YWQ1OSIsImMiOjZ9
https://app.powerbi.com/view?r=eyJrIjoiNmYwYjQ3MTgtY2YxNy00ZDNmLTg3MGMtZmU1ZTUxYzhiOTU1IiwidCI6IjkxMjJmZGQzLTc2MmMtNDViZS1hY2Q1LTkzNGY3MTc1YWQ1OSIsImMiOjZ9
https://app.powerbi.com/view?r=eyJrIjoiNmYwYjQ3MTgtY2YxNy00ZDNmLTg3MGMtZmU1ZTUxYzhiOTU1IiwidCI6IjkxMjJmZGQzLTc2MmMtNDViZS1hY2Q1LTkzNGY3MTc1YWQ1OSIsImMiOjZ9

	table-fn1-15353702211037262
	table-fn2-15353702211037262

