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Abstract

Purpose: The objectives of this study were to compare the quality of retinal images
taken with a smartphone-based hand-held fundus camera (SHFC) with those from a
commercial fundus camera (CFC), and to analyze their agreement in determining the

cup-to-disc ratio in a cohort of ophthalmological patients.

Methods: Fifty patients from a secondary ophthalmic outpatient service underwent a
bilateral fundus examination under mydriasis using the SHFC and CFC (four images
per patient). A multivariate regression analysis was performed to evaluate factors
associated with the image quality. Two masked ophthalmologists determined the
vertical cup-to-disc ratio of each fundus image, and both the intraobserver (between

devices) and interobserver agreement between them was calculated.

Results: Ninety-eight images from 49 patients presented sufficient quality and were
used in this study. The medians [interquartile interval] of image quality were not
significantly different between the SHFC and CFC 4 [4-5] versus 4 [3-4] respectively,
p=0.06); however imagens taken with the CFC, as well as the presence of media
opacity presented a significant negative correlation with image quality. Both the
intraobserver and interobserver agreements were excellent and statistically

significant (p<0,01).

Conclusions: Our results indicate that the SHFC presents image quality similar to
CFC, with significant agreement in the analysis of the cup-to-disc ratios. Besides the
good results observed, the SHFC may be considered as a portable, low cost

alternative for fundus documentation in further telemedicine settings.
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Introduction

The impact of senile chronic diseases in Brazil have become more important
considering the current aging pattern observed in the Brazilian population.! Ocular
diseases such as glaucoma, macular degeneration, and diabetic retinopathy,
besides cataract, are the leading causes of blindness in individuals older than 50
years.?2 The increasing prevalence of those diseases reinforces the need for a

diagnosis based on fundus examination in national health programs.

Unfortunately, eye health programs are often not well integrated with the health
system.® Barriers to access healthcare derive from limitations associated with
technologies, providers, geographical distances, as well as cultural, cognitive and

behavioral differences of health service users.*

Previous studies in India® and Kenya® have shown that handheld devices for the
detection of retinal diseases could be used for fundus documentation by non-
ophthalmologists in areas lacking assistance. Nevertheless, non-ophthalmologist
healthcare workers were able to capture high quality images in children screened for
retinopathy of prematurity with a portable fundus camera. Their photographs were
uploaded and remotely graded for retinopathy of prematurity by a retina specialist
with good sensitivity and specificity levels.” All the recent advances in mobile devices
that may facilitate telemedicine strategies would improve the integration of eye
healthcare system in countries with low resources. In this scenario, the purpose of
the present study was to validate a new smartphone hand-held fundus camera
(SHFC) by evaluating both the images quality, and the agreement with a commercial
fundus camera (CFC) in determining the cup-to-disc ratio in a cohort of

ophthalmological patients.
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Materials and Methods

Ethics Approval

This cross-sectional study was approved by the Research Ethics Committee of the
PIO XllI Foundation, Barretos - SP and by the Research Ethics Committee of
Hospital das Clinicas da Faculdade de Medicina de RibeiraoPreto - SP. The norms
of the Declaration of Helsinki and the International Conference on Standardization
Note for Guidance on Good Clinical Practice (ICH, Topic E6, 1995) were followed.
All selected subjects received extensive and detailed oral and written explanations of

all project-related events and signed an informed consent form.

Participants

Fifty patients, previously scheduled for eye examination by independent
ophthalmologists from the ophthalmologic service of the AME —Barretos (Sdo Paulo,

Brazil), were considered for participating in this study.

Patients were selected for the study according to the following inclusion criteria: 18
years or older, no cognitive disability, ability to perform all necessary exams, and no

previous eye surgeries performed over the last two months.

Device development

The SHFC was developed using an optical system capable of generating high
resolution images within the 45 degree of the fundus view. It was attached to a
smartphone (Samsung Galaxy S7, Samsung Electronics Co., Suwon, Korea) and
uses its processor, display, global positioning system and internet access for
handling patient, exams and reports data. Safety of light exposure was previously

evaluated by the comparison of the energy levels necessary for performing colored
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fundus imaging between SHFC and other commercial available fundus camera (CFC
- Topcon retinal camera, Topcon Healthcare Solutions, Oakland, USA). All
measurements were performed using a handheld power/energy meter (Vega, Ophir
Photonics, Newport Co., Jerusalem, Israel) and a thermopile based laser energy

sensor (Model 3A Ophir Photonics, Newport Co., Jerusalem, Israel).

Procedures

All patients scheduled for fundus imaging received at least one comprehensive
ophthalmologic evaluation. On the scheduled day, patients received one drop of 1%
tropicamide and 10% phenylephrine for pupil dilation. After 25 minutes, a series of
three photographs, followed by a series of four photographs of each eye, were taken
by two trained nurses using the CFC and the SHFC, respectively. They underwent
three separate one-hour period of training previously. A masked examiner was
responsible for selecting the best fundus picture of each eye from all patients, taken

with both devices.

Photographs of the anterior segment of both eyes were also taken, serving for the
measurement of the horizontal pupil diameter. Individual spherical equivalent,
diagnosis (glaucoma and suspects, retinal diseases, refraction errors, and cataract),

and age (years) were recorded on the same day and subsequently analyzed.

Two experienced masked ophthalmologists evaluated all the fundus images on the
same 19-inch LCD computer monitor. Each examiner graded each image according
to a quality score, using a Likert 1-5 scale: 1. Poor, unsatisfactory or impossible to
catch; 2. Regular or partially satisfactory; 3. Good or satisfactory; 4. Very good or

quite satisfactory; 5. Excellent or totally satisfactory.
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The examiners also evaluated the randomly assorted individual pictures, and
attributed values to the vertical cup/disc ratio, using a double-masked database of

images (for both the patient identification and the device used).

Statistical analysis

Variables were described using the mean, median, standard error, 95% confidence
interval (95% IC) and frequencies as needed. A linear mixed effects multivariate
regression was used to identify factors associated with the image quality, as follows:
device type, ocular diagnosis, pupil diameter (after mydriasis), spherical equivalent

and age.

In addition, an Intraclass Correlation Coefficient (ICC) was used to assess
interobserver agreement (for each device) and agreement between devices (for each
observer), combined with a Bland-Altmann plot analysis. All analyzes were
performed using Stata software (Stata 14.2, StataCorp LLC, Texas, USA). Statistical

significance was determined at p <0.05.

Results

The results of ocular safety when exposed to the SFHC are shown in Table 1.
SHFC's optical power in preview mode is at least 10 times lower than the direct and
indirect reference commercial binocular ophthalmoscope. With its presented lighting
levels, the SHFC device is classified as Group 1 (safe) according to both ISO 10940
and 15004-2. Ninety-eight eyes of 49 patients were included in this study, 33 women
(67.3%), with a mean age of 62.1 £ 10.2 years. Table 2 shows demographic data

and diagnoses.
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One patient was excluded from all data analyzes due to loss of his images captured
using the CFC. Another five patients were not included in the agreement analyzes
(for the cup-to-disc ratios; 44 patients, 88 eyes) due to the poor quality of the
acquired images (grade 1 or 2), but were considered in the quality analyzes. Of
these five unclassifiable patients, four were acquired by the CFC device and one by

the SHFC device.

Figure 2 shows examples of retinal images taken on the same patient with both
devices. The median [interquartile interval] score for image quality was 4 [4-5] for
the SHFC and did not differ from CFC's (4 [3-4]; p=0,06). We observed that the use
of the CFC device and the diagnosis of “cataract” showed a significant negative

correlation with image quality (Table 3).

The interobserver agreement for the evaluation of the cup-to-disc ratio was
considered good with the SHFC images (ICC = 0.70) and very good with the CFC
images (ICC = 0.81; p=0.001). The agreement coefficients between the devices
were very good (examiner 1: ICC = 0.82 and examiner 2: ICC = 0.83; p<0.001)

(Table 4), which is in accordance with the Bland-Altmann plot analyzes (Figure 3).
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Discussion

Recent data estimates that at least 2.2 billion people present visual impairment, and
age-related macular degeneration, glaucoma, and diabetic retinopathy are the most
common causes, besides cataract and refractive error. 812 Latin America and
Caribbean countries could have saved $ 6,281 million by 2020 if blindness
prevention programs had been implemented in the past 13 years. '3 These data
reinforce the need for an integrated health system, capable of early detection of
these conditions and prevention of blindness at lower costs. Portable equipment
consistent with Telemedicine could provide a low-cost integration of the health

system for the burden ocular diseases.

Among a few others, the prototype used in this study may be considered as a safe
alternative for developing a telemedicine-based system for the detection of ocular
diseases integrated with the health system. Besides safety, its cost (estimated in
US$ 5,000) seems suitable, since it is about six times less than most available table

retinal cameras.

Regarding the quality of images, there was a slight superiority of the SHFC
compared to CFC scores (Table 3). However, the multivariate analysis pointed to a
significant correlation with the device type (SHFC), besides the presence of cataract.
The other parameters analyzed (age, pupil diameter, retinal diseases, and refractive

errors) presented no significant association with image quality.

The clinical validation of the SHFC was verified using the determination of cup-to-
disc ratios in fundus images, compared to the CFC, across two masked examiners.

Our results showed good, significant agreement between the observers for both
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devices, being slightly better in the CFC device (ICC 0.81) than in the SHFC (ICC
0.70; p=0.001). We speculate that such minor differences may be related to the
different examiner's background, rather than characteristics of each device. One is a
glaucoma specialist, and the other is a general practice ophthalmologist, both with
years of clinical experience. Interobserver agreement in the clinical evaluation of the
optic nerve may vary but has been shown higher if the analysis is based on retinal
images of the fundus. '4'® Thus, the good correlation observed herein accounts for

the higher credibility of both examiners.

The intraobserver agreement in determining the cup-to-disc ratio was also good and
significant for each examiner (ICC: 0.81 versus 0.83, p<0.001). These consistent
results of comparable performance between devices, in produce reliable fundus
image (at least for good determination of the optic nerve excavation boundaries),
account for the clinical validation of SHFC, despite all technical differences between

them.

The study presents some limitations. There was no healthy control group, so our
sample was used for the evaluation of a sort of all cup-to-disc ratios, because
patients with glaucoma and suspects were included in the regression analyses. Also,
despite patients and examiners reported great comfort with the SHFC device at the
very first tests, comfort and ease of handling were not objectively analyzed. Besides,
a new non-mydriatic version of the SHFC (Figure 1) is now commercially available

but has not been tested in this study.

Several portable retinal imaging devices have arisen in the past few years as
alternatives aiming a better-integrated eye health care. We believe that an ideal

portable device for fundus image should be light-weighted, easy to handle, of low
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cost, non-mydriatic, and include data transfer features. Many new available portable
devices meet some of those features, and the new version of the prototype
presented in this study represents an option that fulfills all of them. Further research
is required to determine its capability to generate good quality images without
mydriasis and to evaluate its sensitivity and specificity levels for the diagnosis of
glaucoma and the most prevalent retinal diseases, being a new alternative in the

telemedicine approach.
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Figure Legends

Figure 1. Photographs displaying prototype used in this study (SHFC, on the left)

and the new available commercial version (Eyer, on the right).

Figure 2. Examples of fundus images taken on the same patient using both devices.
On the left, an image from participant #27 acquired with the CFC. On the right, an

image from the same participant using the SHFC.

Figure 3. Bland-Altmann plots showing the agreement analyses in the assessment
of the vertical cup-to-disc ratios between the two devices for examiner 1 (on the left)

and examiner 2 (on the right).
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34 Photographs displaying prototype used in this study (SHFC, on the left) and the new available commercial
35 version (Eyer, on the right).
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Examples of fundus images taken on the same patient using both devices. On the left, an image from

participant #27 acquired with the CFC. On the right, an image from the same participant using the SHFC.
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Table 1. lllumination levels for color fundus imaging obtained with SHFC and CFC for

retinal documentation.

Optical Power

(Preview Mode)

Radiant Flash Energy

(Capturing Mode)

Device
Typical Maximum Typical Maximum
Value Value Value Value
SHFC 0.14 mW 0.28 mW 0.29 mJ 0.29 mJ
CFC 0.50 mW 14.50 mW 6.40 mJ 46.00 mJ
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Table 2. Demographics of the participants included in the study.

Age Gender

oNOYTULT D WN =

Diagnosis (years) Female Male Total

Glaucoma/ Suspects 63.0£8.0 14 (28.5%) 9(18.3%) 23 (46.9%)
13 Retinal diseases 64.2+11.3 14 (28.5%) 5(10.2%) 19 (38.7%)
15 Refractive errors 52.8+12.0 4 (8.2%) 2 (4.1%) 6 (12.2%)
Cataract 59.0 1(2.0%) 0 1(2.0%)

20 Total 62,1£10.2 33 (67.3%) 16 (32.6%) 49 (100%)
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Table 3. Analysis of correlation of device, pupil diameter, spherical equivalent, age
and diagnosis with image quality.

ICC 95% CI p value

A. CFC* -0.33 -0.51:-0.15 0.001
B. Pupil Diameter -0.02 -0.18:0.13 0.74
C. Spherical equivalent 0.10 -0.03:0.24 0.13
D. Age -0.01 -0.03:0.01 0.31
E. Diagnosis**

1. Retinal diseases -0.21 -0.74:0.30 0.41

2. Cataract -1.17 -2.30:-0.02 0.04

3. Refractive errors 0.16 -0.47:0.80 0.61

*Comparing to the SHFC device; ** Comparing to the diagnosis of
glaucoma and suspects. ICC: intraclass correlation coefficient; 95% CI:
95% confidence interval.
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Table 4. Intraclass correlation analysis of the agreement between devices for each
examiner, regarding the cup-to-disc ratio results.

oNOYTULT D WN =

10 Examiner ICC 95% CI pvalue

12 1 0.82 0.73:0.87 <0.001

15 2 0.83 0.75:0.88 <0.001
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