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Purpose: Our aim is to evaluate the sensitivity and specificity of Acuity 360 telemedicine system, as compared to in-person clinic
examination, in identifying clinically significant eye disease. Acuity 360 is a combination of commercially available ocular imaging
devices used together to provide a comprehensive evaluation of the structures and diseases of the eye.

Methods: Observational cross-sectional study of consecutively examined patients where 19 remote examiners analyzed 80 patients
using Acuity 360 images. The examiners’ diagnoses were compared to the diagnosis obtained from in-person clinic examination of all
the patients. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), false-negative rate, and
inter-rater agreement were calculated.

Results: Compared to in-person clinic examination, the sensitivity, specificity, PPV, NPV, and false-negative rate for the optical
coherence tomography (OCT) of optic nerve were 95.8%, 98.5%, 86.8%, 99.6%, 0.39% and for the combined retina examination
(OCT of the macula and widefield fundus photography) were 93.4%, 88.5%, 80.2%, 96.4%, 2.19%, respectively. The median inter-
rater agreement the OCT of optic nerve and the combined retina examination were each 95%.

Conclusion: The Acuity 360 telemedicine system has a low false-negative rate and is highly sensitive and specific when compared to
an in-person clinic examination. It can determine the necessity for specialist referral and triage the patients that require urgent
treatment. High inter-rater agreement shows that it is effective with minimal variability in analyzing the Acuity 360 images by remote
examiners.
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Introduction

Several studies have established the validity and feasibility of tele-ophthalmology screening in identifying eye disease
states such as diabetic retinopathy,' > glaucoma,”*> retinopathy of prematurity,” age-related macular degeneration,*”
choroidal nevi and iris nevi.® Tele-ophthalmology can support the health caregivers in effectively managing and
preventing diabetes and its complications.” Tele-ophthalmology has also shown high patient satisfaction levels and
acceptance because of the convenience, no need for dilation of the pupils, reduced examination time, and reduced
traveling time and cost.®” We believe that newer and improved diagnostic imaging modalities compared to routine
telehealth screenings can increase the practicality and accessibility of tele-ophthalmology services.

After multiple consultations with physician focus groups, we have identified a group of diagnostic tests, which, we
believe, can accurately diagnose specific eye diseases/conditions. We have combined them into the Acuity 360
telemedicine vision screening system.

The diagnostic tests included in Acuity 360 telemedicine system are: Optical coherence tomography (OCT,
Heidelberg Spectralis™) of the optic nerve, macula (including OCT angiography) and anterior segment, slit lamp
video, and widefield retinal imaging (Optos™). These are in addition to checking visual acuity, intraocular pressure,
color vision, and stereovision. There is no risk or radiation exposure to the patient while performing Acuity 360 imaging
and the entire process takes around 30 minutes. All of the Acuity 360 tests are non-invasive and do not require pupillary
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dilation or physical contact with the patient’s eye. It has been documented that non-mydriatic testing can accurately
detect retinal pathology with high sensitivity and specificity.'*"!

The collective evaluation of this group of tests in a tele-screening modality would be appropriate and comprehensive
in screening the patients for clinically significant eye diseases that include diabetic retinopathy, hypertensive retinopathy,
macular hole, macular degeneration, macular pucker, retinal holes or detachments, choroidal or iris nevi, shallow anterior
chamber angles, and chronic open angle glaucoma.'?

The primary objective of the study is to evaluate the sensitivity and specificity of Acuity 360 telemedicine
examination as compared to in-person clinic examination in determining any clinically significant eye diseases and the
necessity for specialist referral. The secondary objective is to assess the inter-rater agreement and inter-rate reliability

among the clinicians to determine the variability in analyzing the Acuity 360 images.

Methods

We conducted an observational cross-sectional study of consecutively examined patients. The above-described panel of tests
constituting the Acuity 360 system (Acuity 360™) were used, between July 2019 and November 2019 at four telemedicine
offices in Southern California operated by the Acuity Eye Group, to acquire the eye images of patients with/without eye diseases.
The patient history, visual acuity, intraocular pressure (by iCare™ IC100), color vision (monocular Ishihara),'? slit lamp photos
and OCT of the anterior segment, and five of the imaging components of the telemedicine examination (widefield retinal imaging
and OCT of the cornea, angles, macula, and optic nerve) conducted by ophthalmic technicians were sent to remote examiners. All
examiners were blind to the interpretation of other examiners and to the in-person clinic examination of all patients.

Examiners reviewed the images, evaluated the abnormal/normal state of eye structures, and diagnosed the presence/
absence of certain eye diseases. Guidelines were provided to the examiners on what constituted clinically significant/
insignificant diseases and how to give the ratings (Appendix A).

During the analysis, examiners chose either of the three options: 1) continued yearly screening in telemedicine clinic
(no clinically significant disease), 2) refer for an in-person examination with an optometrist or ophthalmologist (clinically
significant disease present), 3) poor image quality. A fourth option “Refer for Humphrey visual field (HVF)” was also
given for the OCT of the optic nerve. If HVF turns out normal, examiner recommended continued yearly screening and if
it was abnormal, examiner recommended in-person examination. HVF option was added as sometimes OCT of the optic
nerve alone cannot differentiate between glaucoma suspects and patients with early glaucoma.

Out of a total of 19 examiners included for evaluation, eight were optometrists (42.1%), five were general
ophthalmologists (26.3%), four were glaucoma specialists (21.1%), and two were retina specialists (10.5%).

Similarly, for the widefield retinal imaging, fourth option was “Artifact/peripheral lesion of unknown significance”.
Sometimes small shadows/image artifacts are present in an Optos photograph for which some examiners may have
chosen to continue yearly screening in the telemedicine clinic and others may have referred for an in-person examination
depending on the examiner’s comfort level. This fourth option was meant to separate the observations of image artifacts
from those having true disease.

All patients included in the study had an in-person clinic examination within six months either before or after their
telemedicine exam. The remote examiners’ determination of presence/absence of clinically significant disease were
compared to the patient’s in-person examination to assess sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and false-negative rate.

The responses for widefield retinal imaging and OCT of macula were grouped into a “Combined retina examination”
for purposes of statistical analysis. This was done specifically because OCT of the macula or widefield retinal imaging in
isolation cannot give a full picture of clinically significant retinal disease, but together they can be used as an assessment
that approaches (or surpasses) in-person fundus examination at the slit lamp. The other imaging modalities, OCT of optic
nerve and OCT of the angles, were analyzed individually.

Raw data was captured, and statistical values were analyzed in Microsoft Excel. Contingency tables were prepared for
the imaging modalities and the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
false-negative rate, and inter-rater agreement were calculated. All the examiners’ responses stating “poor image quality”
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and “artifact/peripheral lesion of unknown significance” were excluded from statistical analysis. If any image was
reported as “poor image quality” by >50% of the examiners, then that image was excluded completely from the analysis.

Data Summary and Technical Validation

Out of 121 consecutive patients, 41 patients did not have in-person clinical examination within six months either before
or after their telemedicine exam. Therefore, the remaining 80 patients were included for study analysis. There were 22
examiners. Three of them analyzed <20 patients and their responses were excluded from analysis. Two of the remaining
19 examiners analyzed 60/80 patients and their responses were included only for those 60 patients. The remaining 17
examiners analyzed all the 80 patients. This gave a total of 1480 unique remote examinations (17 examiners x 80 patients
+ 2 examiners x 60 patients).

For the combined retina examination, 20 (1.3%) remote examinations were excluded due to “poor image quality”
responses leaving a total of 1460 examinations. For OCT of the optic nerve, a significantly higher number of 446 (30.1%)
examinations had to be excluded due to “poor image quality” responses leaving 1034 for analysis. For OCT of the angles,
184 (12.4%) remote examinations were excluded due to “poor image quality” responses leaving 1296 examinations for
analysis.

Out of 80 patients analyzed, 46 patients (57.5%) did not have clinically significant eye disease and 34 patients
(42.5%) did have clinically significant eye disease, according to the in-person clinical examination.

Cornea data was collected but not analyzed as there was no clinically significant corneal pathology present in this
group as determined by both the in-person examination and the remote examination.

Compared to in-person clinic examination, the sensitivity, specificity, PPV, NPV, and false-negative rate obtained for
the OCT of optic nerve and for the combined retina examination are shown in Table 1 and Table 2, respectively.

Table | Contingency Table and Statistical Values for the Optical Coherence
Tomography of the Optic Nerve

Telemedicine Exam+ | Telemedicine Exam—

Clinic Exam+ 92 4

Clinic Exam— 14 924
Sensitivity 95.8%

Specificity 98.5%

Positive predictive value 86.8%

Negative predictive value 99.6%

False negative rate 0.39%

Table 2 Contingency Table and Statistical Values for the Combined Retina

Examination
Telemedicine Exam+ | Telemedicine Exam—
Clinic Exam+ 455 32
Clinic Exam— 112 861
Sensitivity 93.4%
Specificity 88.5%
Positive predictive value 80.2%
Negative predictive value 96.4%
False negative rate 2.19%
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Figure | Box and whisker plots of the inter-rater agreement of the imaging modalities used in Acuity 360 vision screening system. OCT: optical coherence tomography. The
top and bottom of the boxes are the 75th and 25th percentiles of the data. There are no top whiskers as third quartile is equal to the maximum data value in all the three
imaging modalities. The line drawn through the middle of the box is the median (50th percentile). The box contains the middle 50% of the data. The length of the box is the
inter-quartile range. Bottom whiskers indicate the minimum data values. Round dots are the outliers.

The OCT of angles showed a specificity of 86.7%. The sensitivity, PPV, NPV, and false-negative rate could not be
calculated for OCT of angles as all the instances of in-person clinic examinations were normal in this test.

Figure 1 shows the box and whisker plots of the inter-rater agreement and Table 3 shows the percentage of inter-rater
agreement for the OCT of angles, the OCT of optic nerve and the combined retina examination.

Discussion

The main objective of the study was to evaluate the sensitivity and specificity of Acuity 360 telemedicine screening
system, as compared to in-person clinic examination, in determining any clinically significant eye diseases and the
necessity for specialist referral. Our results showed that the OCT of the optic nerve and the combined retina examination,
used in the Acuity 360 system, have very low false-negative rates of 0.39% and 2.19%, respectively. Hence, very few
patients with clinically significant disease would be missed by using these imaging modalities in isolation. Compared to
in-person clinic examination, the sensitivity and specificity of the OCT of optic nerve (Table 1) were 95.8% and 98.5%,

Table 3 Inter-Rater Agreement for the Imaging Modalities Used in Acuity 360 Vision
Screening System

Inter-Rater Agreement | Combined OCT of OCT of Angles
Retina Examination | Optic Nerve

Minimum 53% 44% 50%

Quartile | 88% 79% 82%

Median 95% 95% 100%

Quartile 3 100% 100% 100%

Maximum 100% 100% 100%

Abbreviation: OCT, Optical Coherence Tomography.
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respectively. For the combined retina examination (Table 2) the corresponding values were 93.4% and 88.5%,
respectively.

In-line with other studies, which reported high level of clinical accuracy in diagnosing eye diseases,***'*'® Acuity
360 telemedicine system showed very low false-negative rates and high sensitivity and specificity as compared to in-
person clinic examination in its ability to diagnose clinically significant eye diseases. These results suggest that the
Acuity 360 system can provide valuable tele-ophthalmology services by identifying patients that require specialist
consultation and treatment for the identified disease. Thus, it can triage the patients that require urgent treatment and
reduce the burden of clinic visits for both patients and clinicians.

Yearly screening with the Acuity 360 system may also help to identify eye diseases at an early stage, which helps in
improving the clinical outcomes.® Moreover, tele-ophthalmology has been shown to increase the patient participation in
screening'® probably due to the convenience, reduced examination time, lack of dilation, and reduced traveling cost and
time.” Our study also showed that the Acuity 360 system can be easily operated by ophthalmic technicians and has the
potential to be used in remote/rural clinics or dangerous environments such as prisons, where clinicians are not easily

accessible.

19,20 19,20

For the screening of diabetic retinopathy, retinopathy of prematurity,'” and glaucoma, teleophthalmology has
been shown to be more cost-effective than clinic examination particularly if the disease is more prevalent among the
patients screened.?’ This indicates that the Acuity 360 system can be cost-effective if the rate of screening is increased by
regular monitoring and population screening. Community-based screening programs for high-risk individuals have the
potential to identify eye diseases and refer patients to appropriate specialists.”?’ Screening older patients and fully
utilizing the equipment are some other factors, which will optimize the cost-effectiveness of teleophthalmology.>® Non-
mydriatic and larger population screening programs are cost-effective and also decrease the clinic workload.*?

Inter-rater agreement helps to determine the variability in analyzing the Acuity 360 images by different examiners.
The median inter-rater agreements for the combined retina examination, the OCT of optic nerve, and the OCT of angles
were 95%, 95% and 100%, respectively (Table 3 and Figure 1). These imaging modalities showed highly similar
responses from the examiners with less variability in analyzing the Acuity 360 images.

A major limitation of this study was exclusion of a high number (30.1%) of OCT optic nerve examinations due to
remote examiners deeming the images to be of poor quality. This highlighted within our own practice the need for better
technician training in image acquisition for this particular modality. In practice, these patients would have been brought
back for re-imaging or in-person clinic examination.

Limitations including differentiating between types of cataracts (nuclear sclerotic versus posterior subcapsular) as
well as patients who had advanced dry eyes who made some of the imaging not as clear but also did not show up on
anterior segment imaging. We could not analyze the corneal data as no significant corneal pathology was present in the
studied group. Similarly, none of the patients in the study group showed any anterior segment pathology with respect to
OCT of the angles. Hence, the sensitivity and false-negative rate of the OCT of angles could not be performed, whereas it
showed a specificity of 86.7%.

The current study validates the combination of comprehensive OCT imaging of anterior and posterior segments of the
eye along with widefield retinal fundus photography as a viable system for screening of clinically significant eye disease
in a telemedicine setting. Most importantly it has a very low false-negative rate, implying very little clinically significant
pathology would be missed by the remote examination. Future considerations for study will be a more robust validation
with remote and in-person examinations occurring on the same day and with a larger cohort that includes disease findings

on OCT of the cornea and angles.

Abbreviations
OCT, optical coherence tomography; PPV, positive predictive value; NPV, negative predictive value; HVF, Humphrey
visual field; COVID-19, coronavirus disease-19.
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