Smartphone-Based Dilated Fundus
Photography and Near Visual Acuity
Testing as Inexpensive Screening Tools
to Detect Referral Warranted Diabetic

Eye Disease

BRIAN C. TOY, MD,*{ DAVID J. MYUNG, MD, PuD,*{ LINGMIN HE, MD,*1 CAROLYN K. PAN, MD,*}
ROBERT T. CHANG, MD,* ALISON POLKINHORNE, MA,: DOUGLAS MERRELL, BS,#
DOUG FOSTER, MBA,: MARK S. BLUMENKRANZ, MD*

Purpose: To compare clinical assessment of diabetic eye disease by standard dilated
examination with data gathered using a smartphone-based store-and-forward teleoph-
thalmology platform.

Methods: 100 eyes of 50 adult patients with diabetes from a health care safety-net
ophthalmology clinic. All patients underwent comprehensive ophthalmic examination.
Concurrently, a smartphone was used to estimate near visual acuity and capture anterior
and dilated posterior segment photographs, which underwent masked, standardized
review. Quantitative comparison of clinic and smartphone-based data using descriptive,
kappa, Bland-Altman, and receiver operating characteristic analyses was performed.

Results: Smartphone visual acuity was successfully measured in all eyes. Anterior and
posterior segment photography was of sufficient quality to grade in 96 and 98 eyes,
respectively. There was good correlation between clinical Snellen and smartphone visual
acuity measurements (rho = 0.91). Smartphone-acquired fundus photographs demon-
strated 91% sensitivity and 99% specificity to detect moderate nonproliferative and worse
diabetic retinopathy, with good agreement between clinic and photograph grades (kappa =
0.91 + 0.1, P < 0.001; AUROC = 0.97, 95% confidence interval, 0.93-1).

Conclusion: The authors report a smartphone-based telemedicine system that demon-
strated sensitivity and specificity to detect referral-warranted diabetic eye disease as
a proof-of-concept. Additional studies are warranted to evaluate this approach to
expanding screening for diabetic retinopathy.
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pproximately 387 million individuals worldwide
and 29.1 million Americans are affected by dia-
betes mellitus.'* Diabetic retinopathy (DR) and dia-
betic macular edema are common ophthalmic sequela
of diabetes, resulting from variable degrees of retinal
capillary hyperpermeability and nonperfusion. Subse-
quent retinal ischemia and neovascularization may
result in proliferative diabetic retinopathy (PDR).
The prevalence of retinopathy among patients with
diabetes has been estimated to be 28.5%, and diabetes
is the leading cause of blindness in adults in the United
States.® If detected and treated in a timely fashion,
blindness from progression of DR can be averted.*>
Nevertheless, rates of screening for DR remain low,

particularly in the health care safety-net setting, per-
haps related to insufficient provider availability, poor
adherence to regular examinations, and cost to the
patient.®™®

The gold standard for diagnosing DR, as defined by
the Early Treatment of Diabetic Retinopathy Study
(ETDRS), is 7-field stereoscopic-dilated fundus photo-
graphs graded by the modified Airlie House classifica-
tion protocol.” Unfortunately, its implementation is
logistically difficult, requiring specially trained photog-
raphers, specialized film processing and archiving, and
dissemination of film to an outside ophthalmologist.
The use of single-field digital fundus photography in
telemedicine has shown promise in screening for DR,

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.



2 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES ¢ 2016 « VOLUME 0 « NUMBER 0

particularly in primary care and safety-net settings'®~';

however, these fundus camera systems are costly, rang-
ing from several thousand to more than $10,000 each.

At the time of this study, more than 30,000 patients
were receiving clinical care for diabetes at Santa Clara
Valley Medical Center (SCVMC). This safety-net
health care system, which predominantly serves
uninsured and underinsured patients, has a reported
30.3% prevalence of DR or diabetic macular edema,
with a disproportionate burden of disease affecting
patients of Latino ethnicity.'® Patients in this setting
are at high risk for experiencing health and health care
disparities. Therefore, improving access to screening,
surveillance, and treatment of DR represents an impor-
tant goal in this population; however, the large patient
load presents a challenge for traditional models of
patient care delivery. This study supports the use of
a portable smartphone-based telemedicine system as
one part of a comprehensive infrastructure to screen
for and treat diabetes and diabetic eye disease.

Methods

Patient Enrollment

This was a prospective, single institutional compar-
ative series of 100 eyes in 50 participants undergoing
ophthalmic screening for diabetic eye disease using
standard in-clinic methods compared with a smart-
phone-assisted telemedicine method. As the preva-
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lence of DR in our population based on our
nonmydriatic fundus photography program was
17%,"" this study of 100 eyes had 80% power to detect
aroughly 10% disparity (<5.3% or >26% prevalence)
in detection of DR between the screening methods.
Participants in the study were consecutively recruited
from February 2014 to September 2014 for a single
visit evaluation by two methods of screening. Patients
enrolled constituted a subset of patients presenting to
a scheduled monthly clinic dedicated to screening pa-
tients for diabetic eye disease. Patients were referred to
this clinic by their primary care provider or the
SCVMC diabetes clinic. As such, adult patients with
a diagnosis of diabetes who provided proper informed
consent were included in the study. The study was
prospectively approved by the SCVMC Institutional
Review Board, adhered to the tenets of the Declaration
of Helsinki, and was HIPAA-compliant.

Ophthalmic Examination

All patients underwent comprehensive ophthalmic
examination, including spectacle-corrected distance
visual acuity on conventional Snellen charts, slitlamp
examination, and dilated ophthalmoscopy. Concurrently,
patients underwent smartphone-assisted acquisition of
spectacle-corrected near visual acuity and anterior/
posterior segment photography. After technician-
administered Snellen visual acuity measurement,
smartphone-assisted measurement was made of near
visual acuity. This was patient self-administered and
involved single letter discrimination on a high-contrast
background using forced multiple choice at 14 inches, as
previously described.'® The smartphone photograph
capture system consisted of an iPhone 5s (Apple Inc,
Cupertino, CA) camera phone (8 megapixel resolution),
Paxos Scope anterior and posterior segment hardware
adapters with external light-emitting diode illumination
(Figure 1; Stanford University, Palo Alto, CA; described
in further detail previously19’20), and a beta version of
the Paxos Scope mobile application, previously called
SightBook (Figure 2; DigiSight Technologies, Inc, San
Francisco, CA).

Both eyes of all patients were dilated with 1 drop
each of 2.5% phenylephrine and 1% tropicamide after
visual acuity measurement. Anterior segment photog-
raphy was performed using the anterior segment
adapter before and after pharmacologic dilation.””
Briefly, the adapter containing a macro lens and exter-
nal light source was attached to the phone. Then, the
patient was instructed to fixate on a target straight
ahead with eyes wide open, whereas the phone held
in landscape orientation was brought straight-on to
within 2 inches of the patient’s orbital rim until iris
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Fig. 1. Photograph of Paxos Scope posterior segment adapter. The
iPhone 5S (Apple Inc, Cupertino, CA) with external light-emitting
diode (LED) illumination was attached to the Paxos Scope posterior
segment adapter (Stanford University, Palo Alto, CA), which was fitted
with a Digital ClearField indirect ophthalmoscopy lens (Volk Optical,
Inc, Mentor,OH) as shown.

details, and specifically the pupillary margin were in
focus. Fundus photography was performed using
a Volk Digital ClearField lens (Volk Optical, Inc,
Mentor, OH) mounted on the posterior segment
adapter to capture views including the optic nerve and
macula spanning approximately 45°.'° Briefly, the ante-
rior segment adapter with integral light and posterior
segment adapter holding the indirect lens were attached
to the phone. Similar to indirect ophthalmoscopy, the
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patient was then instructed to fixate straight ahead,
whereas the phone-adapter complex was stabilized with
fingers braced on the patient’s brow and cheek, and with
the axis formed by the indirect lens and camera directed
nasally toward the optic nerve. Once the optic nerve was
sufficiently in focus, the view was tilted temporally so
that more of the macula could be captured.

Visual acuity data and participant photographs were
automatically uploaded to a secure, HIPAA-compliant,
cloud-based server (www.digisight.net) at the time of
visit for remote grading in a store-and-forward tele-
medicine method.

Photograph Grading and Statistical Analysis

Visual acuities were converted from distance Snellen
or near Snellen equivalent to ETDRS letters.?' Pertinent
clinical examination findings were abstracted from the
medical record. Smartphone-acquired anterior segment
photographs were evaluated for quality (able to grade or
not) and the presence or absence of iris neovasculariza-
tion. Other significant examination findings were
also noted, including cataract or corneal opacity.
Smartphone-acquired posterior segment photographs
were graded for photograph quality and severity of
DR (none, mild nonproliferative diabetic retinopathy
(NPDR), moderate NPDR, severe NPDR, PDR, or
unable to grade), based on the International Clinical
Classification for Diabetic Retinopathy (ICDR) disease
severity scale.”> The presence of hard exudates was
used as a surrogate marker for possible macular edema.

C

Fig. 2. In-app screenshots of
Paxos Scope telemedicine app. A.
The visual acuity measurement
function used an interactive mul-
tiple forced choice alphabet letter
match. B and C. The app acquired
and securely uploaded anterior
segment and dilated posterior
segment photographs for sub-
sequent grading. Burst photo-
graph mode on the smartphone
captured a series of images for
immediate review and selection
for upload to the patient’s chart
on the secure, Health Insurance
Portability and Accountability
Act (HIPAA)-compliant Digi-
Sight  telemedicine  platform
(DigiSight Technologies, Inc, San
Francisco, CA).

Right Eye RIS
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Comparisons of clinic-acquired and smartphone-
acquired data were performed using Stata (StataCorp,
College Station, TX) to calculate descriptive, correla-
tion, kappa, Bland—Altman, and receiver operating
characteristic analyses. Where possible, analyses were
clustered by patient to account for the correlation
between fellow eyes of a single patient. Numeric val-
ues are reported as mean =+ standard deviation, unless
otherwise noted.

Results

Demographics

Table 1 details demographic data for the 50 consec-
utive participants enrolled in this study. The participants
had a mean age of 60.5 + 10.6 years and a mean dura-
tion of diabetes of 11.9 + 8.4 years. The racial demo-
graphic of the enrolled patients was 46% Asian, 34%
Latino, 6% Black, and 4% White. For the 43 (86%)
patients whose hemoglobin Alc level within 6 months
was available, it averaged 8.0 + 1.5%. A total of 27
(54%) patients had not been previously screened for
DR, and 10 (20%) had a previous diagnosis of any DR.

Visual Acuity

The mean distance spectacle-corrected visual acuity
was 69 + 13 letters (Snellen equivalent 20/40; median
70, IQR 65-80 ETDRS letters), and the near spectacle
corrected visual acuity measured with the smartphone
application also was 69 + 13 letters (Snellen equiva-
lent 20/40; median 70, IQR 65-75 ETDRS Iletters)

Table 1. Participant Demographics

Participant Demographics

Number of Patients 50

Age (mean + SD) 60.5 + 10.6 years
Sex (% female) 58
Duration of DM (mean + SD) 11.9 + 18.4 years

Hemoglobin Alc 8+1.5%

Race (%)
White 4
Latino 34
Asian 46
Black 6
Other 10

Number of patients presenting for new 27 (54%)
screening

Number of patients with a previous 10 (20%)

diagnosis of diabetic retinopathy

Fifty patients (100 eyes) were enrolled in this study, with a racial
distribution representative of our local population. Duration of
diabetes was quite variable, ranging from 1 to 34 years.

SD, standard deviation; DM, diabetes mellitus.

(Table 2). A paired t-test demonstrated no difference
between the two methods, with a P value of 0.45. The
Pearson correlation coefficient was 0.91, indicating
good correlation between the two measures. A
Bland—Altman plot comparing the two methods of
visual acuity measurement (Figure 3) demonstrated
a bias near 0, indicating no systematic difference
between the two measures and 95% limits of agree-
ment of +5 ETDRS letters (Snellen equivalent, 1 line)
for the two methods of visual acuity measurement.

Photograph Quality

Figure 4 demonstrates representative matched ante-
rior and posterior segment photographs captured using
the smartphone app and presented for grading. A total of
96 of 100 captured anterior segment photographs were
judged of sufficient quality (eyelids open and image
focused on iris) to evaluate for neovascularization of
the iris. The most common causes for decreased photo-
graph quality included insufficient lid opening, glare,
and poor image focus. For 58 eyes, a single posterior
segment photograph was sufficient to evaluate for DR
within the macula (judged at the time of photograph
acquisition). For 40 eyes, multiple photographs (2.3 +
1.2) were required to obtain sufficient field of view,
focus, or illumination. For 2 eyes, no gradable photo-
graph could be captured. The most common causes for
decreased photograph quality included media opacity
(cataract), poor dilation, and poor image focus.

Anterior Segment Grading

Anterior segment photographs were graded by two
masked reviewers (RTC and BCT). No eyes were

L

1

10 20 30 40 50
L L L L

(clinic - smartphone, ETDRS letters)

Difference Between Visual Acuity Measurements

-50 -40 -30 -20 -10 O
L

T T T T T T

o 20 30 40 5 60 70 80 90
Average Visual Acuity Measurement (ETDRS letters)

Fig. 3. Visual acuity comparison: Bland—Altman plot. The average (x-axis)
and difference (y-axis) between the standard Snellen and smartphone-
acquired visual acuity measurements are shown on a Bland—Altman plot.
The bias (discrepancy between the two methods), illustrated by the dotted
line, was near 0. The limits of agreement (shaded gray area) were narrow, +5
early treatment of diabetic retinopathy (ETDRS) letters for most points.
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Fig. 4. Representative anterior and fundus photographs acquired by Smartphone. A. Anterior segment photograph of the left eye demonstrating no iris
neovascularization and a nasal pinguecula. B. Fundus photograph of the right eye demonstrating microaneurysms and dot-blot and flame hemorrhages
in all 4 quadrants, consistent with severe NPDR. Other findings included a cotton wool spot superonasal to the disc. C. Fundus photograph of the left
eye with scattered microaneurysms, dot-blot hemorrhages, and a large preretinal hemorrhage obscuring the macula, consistent with proliferative diabetic
retinopathy (PDR). D. Anterior segment photograph of the left eye demonstrating no iris neovascularization. Other findings included nasal pinguecula,
arcus, and pseudophakia. Photography after pharmacologic dilation allowed for better visualization of the intraocular lens. E and F. Fundus photographs of
the right and left eyes demonstrating no diabetic retinopathy. G. Anterior segment photograph of the left eye demonstrating no iris neovascularization. Other
findings included arcus and cataract with both nuclear and cortical opacities. Photography after pharmacologic dilation allowed for better visualization of the
cataract. H and I. Fundus photographs of the left eye demonstrating few microaneurysms, dot-blot hemorrhages, and exudates, consistent with mild

nonproliferative diabetic retinopathy (NPDR). Because of glare related to the cataract (top right), two fundus images were acquired.

found to have neovascularization of the iris by either
clinical or photographic grading. Other pertinent
anterior segment findings included cataract (32 eyes),
intraocular lens (7 eyes), pterygium/pinguecula (7
eyes), arcus (6 eyes), conjunctival melanosis (4 eyes),
corneal opacity (1 eye), peripheral iridotomy (1 eye),
eyelid papilloma (1 eye), and trabeculectomy (1 eye).

Posterior Segment Grading

Fundus photographs were graded by two masked
reviewers (CKP and BCT) and scored on a 6-point
scale: no retinopathy, mild NPDR, moderate NPDR,
severe NPDR, PDR, and unable to grade. Consensus
between the 2 reviewers was good, with 88% agree-
ment and a kappa of 0.70. When the photograph grade
assigned by the two reviewers differed by only 1 level,
the more severe grade was assigned. If the difference
was more than 1 level, a third reviewer (MSB)

adjudicated the final photograph grade. This was
necessary in 1 case. The clinical grade was assigned
based on masked abstraction of the documented
clinical examination findings. Table 3 is a frequency
table comparing the clinical and final photographic
grades. Table 4 displays these data dichotomized for
no referral (no retinopathy or mild NPDR) or referral
(moderate or severe NPDR, PDR, or unable to grade).
When dichotomized in this way, the kappa value was
091 = 0.1 (P < 0.001), indicating good agreement
between the clinical and photographic measures.
Using clinical grade as the reference to detect
referral-warranted retinopathy, photograph grade was
found to be 91% sensitive and 99% specific, with
a 95% positive predictive value and a 98% negative
predictive value. A Bland-Altman plot (Figure 5)
demonstrated a bias near 0 and the 95% limits of
agreement within + 1 ICDR level for grading either

Table 2. Visual Acuity Comparison

BSCVA at BSCVA at Near
Distance (Snellen) (smartphone)
Mean + SEM (converted ETDRS letters) 69 +1.3 69 + 1.3 P = 0.45, paired t-test
Median (IQR, converted ETDRS letters) 70 (65-80) 70 (65-75)

Correlation

r=0.91 (P < 0.001)

Visual acuity measurements obtained using Snellen and smartphone methods demonstrate similar mean and range, and good

correlation (r = 0.91).

BSCVA, visual acuity measured with spectacle correction; SEM, standard error of the mean; ETDRS, early treatment of diabetic

retinopathy study; IQR, interquartile range.
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Table 3. Comparison of Retinopathy Grading

Grade of Diabetic Retinopathy

Grade of Diabetic Retinopathy (Smartphone)

(Clinical Examination) None Mild Mod Severe PDR U Total
None 71 0 0 0 0 1 72
Mild 6 0 1 0 0 0 7
Mod 1 1 6 0 0 1 9
Severe 0 0 0 4 0 0 4
PDR 0 0 0 0 8 0 8
U 0 0 0 0 0 0 0
Total 78 1 7 4 8 2 100

This is a frequency table comparing the grade of retinopathy as ascertained by clinical examination and smartphone photograph. The
outlined boxes indicate exact agreement. Kappa (k) = 0.76 + 0.06, P < 0.001. The two ungradeable photograph series were due to poor

dilation and cataract.

None, no diabetic retinopathy; Mild, mild nonproliferative diabetic retinopathy (NPDR); Mod, moderate NPDR; Severe, severe NPDR;

PDR, proliferative diabetic retinopathy; U, unable to grade.

by clinical examination or photograph. A receiver-
operating characteristic curve (Figure 6) demonstrated
an area under the ROC curve of 0.97 (95% confidence
interval, 0.93-1). Other pertinent posterior segment
findings included optic nerve cupping (11 eyes), peri-
papillary atrophy (4 eyes), and myelinated nerve fiber
layer (1 eye).

Discussion

To our knowledge, this is the first smartphone-based
system that integrates visual function testing (acuity)
and structural findings (smartphone photography) to
screen for diabetic eye disease.

Smartphone-acquired near visual acuity measurement
with this system demonstrated good correlation with
Snellen distance visual acuity acquired in a standard
clinic setting. This confirms findings by others using the
DigiSight visual acuity testing application in similar
settings to measure and follow visual acuity in patients
with diabetes'® and age-related macular degeneration

(Yu SY, Yang JH, Kim Y, Kwak HW, Blumenkranz
MS. Reliability of Smartphone-Based Electronic Visual
Acuity Testing. Poster presented at: ARVO Annual
Meeting Abstracts; Orlando, FL; 2014).

With diabetes in particular, increased severity of DR
and macular edema have been shown to be associated
with lower levels of visual acuity.23’24 Similarly, in our
cohort, there was a statistically significant trend toward
decreasing visual acuity with increasingly severe pho-
tograph grades of retinopathy (P = 0.046, test for trend
across ordered groups). Furthermore, the Diabetic Ret-
inopathy Clinical Research Network Protocol T study
demonstrated a difference in the relative effectiveness
of different anti-VEGF agents to treat diabetic macular
edema that varied with initial visual acuity. Eyes hav-
ing 20/50 or worse vision did not respond as well to
ranibizumab and bevacizumab, compared with afliber-
cept, whereas eyes having 20/40 or better vision re-
sponded similarly.® Thus, detecting early decreases in
visual acuity in patients with DR may be useful in
combination with fundus imaging to guide treatment
decision making. Future studies may evaluate the

Table 4. Dichotomized Comparison of Retinopathy Grading

Grade of Diabetic Retinopathy (smartphone)

Grade of Diabetic Retinopathy No Referral Referral
(Clinical Examination) None Mild Mod Severe PDR U Total
No referral None 77 2 79
Mild
Referral Mod 2 19 21
Severe
PDR
U
Total 79 21 100

This is a frequency table comparing the grade of retinopathy as ascertained by clinical examination and smartphone photograph,
dichotomized for referral if retinopathy was greater than moderate NPDR. Kappa (k) = 0.91 + 0.1, P < 0.001. Sensitivity 91%, specificity

99%, PPV 95%, NPV 98%.

None, no diabetic retinopathy; Mild, mild nonproliferative diabetic retinopathy (NPDR); Mod, moderate NPDR; Severe, severe NPDR;

PDR, proliferative.
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Fig. 5. Retinopathy grading comparison: Bland-Altman plot. The
average (x-axis) and difference (y-axis) between the standard clinic and
smartphone-acquired photograph grades of diabetic retinopathy are
shown on a Bland—Altman plot. The bias (discrepancy between the two
methods), illustrated by the dotted line, was near 0. The limits of
agreement (shaded gray area) were narrow, <= 1 international clinical
diabetic retinopathy (ICDR) level for most points. The outlier near the
x-axis indicates the two ungradeable photograph series.

potential role for serial visual function monitoring in
the out-of-office setting, as has been performed for
age-related macular degeneration.26

Anterior and posterior segment photographs acquired
using this system demonstrated good agreement with
the clinical examination. Many investigators have pre-
viously reported the successful incorporation of fundus
photography as part of a telemedicine approach to
screen for DR and diabetic macular edema.'’*
These groups have used mydriatic or nonmydriatic fun-
dus photography with a fixed in-clinic fundus camera
and sometimes a dedicated reading center to grade
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Fig. 6. Retinopathy grading comparison: Receiver operating charac-
teristic. Compared to the gold standard clinic grade of diabetic reti-
nopathy, the sensitivity and 1-specificity of smartphone-acquired
photograph grade of diabetic retinopathy are shown on a receiver oper-
ating characteristic curve. The area under the receiver operating charac-
teristic (AUROC) was high, 0.97 (95% confidence interval, 0.93-1).
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photographs remotely.>* This study reports on the use
of a portable smartphone-based system to acquire non-
mydriatic anterior segment, and mydriatic anterior and
posterior segment photographs. These photographs
were subsequently remotely graded on the DigiSight
secure web site (https://www.digisight.net), where
graders logged in and could view the photographs up-
loaded through the smartphone at the time of examina-
tion. Based on the good agreement between acquired
fundus photographs and clinical examination in our
study, and also the aim to identify referral-warranted
diabetic eye disease, this platform is potentially consis-
tent with a validation category 2 telehealth system for
DR (using the International Clinical Diabetic Retinop-
athy scale), as described by the American Telemedicine
Association (ATA).>

Clinical examination was used as the standard for
comparison with photography, as in previous similar
studies.*®*’ Other studies have directly compared oph-
thalmoscopy and 7-field ETDRS fundus photography
with a 30° fundus camera, the gold standard in deter-
mining the severity of DR, and found agreement
within 1 step in 34 to 86% of cases and kappa value
for concordance ranging from 0.4 to 0.75.%%% Our
findings in this study, without dichotomizing for mod-
erate NPDR or worse disease, indicated 90% agree-
ment with a kappa of 0.76, consistent with these
previous data. Disagreements were rarely of clinical
significance and occurred most often in cases of early
retinopathy. Although most patients screened did not
have retinopathy detectable on photography or by clin-
ical examination, this is true for most studies on the
efficacy of screening tests. Our power analysis indi-
cated that there was sufficient enrollment to detect
a difference if it did exist between the clinical exam-
ination and this novel screening system.

Some studies have indicated that standard in-clinic
fundus photography may have higher sensitivity and
specificity than clinical examination to detect small-to-
moderate changes in DR over time.*' Future studies
comparing smartphone-based technologies to standard
in-clinic fundus photography may be of interest.

As in previous telemedicine studies, patients with at
least moderate NPDR were considered to require
referral for full ophthalmic examination to evaluate
more closely for diabetic eye disease requiring urgent
ophthalmic intervention.?’-*®

In this study, the sensitivity and specificity of
fundus photographs to detect referral-warranted dia-
betic eye disease were 91% and 99%, respectively, in
line with findings of a systematic review by the
American Academy of Ophthalmology, which also
concluded that “single-field fundus photography can
be used as a screening tool to identify patients with

. Unauthorized reproduction of this article is prohibited.
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DR who require referral for ophthalmic evaluation and
nmnagement.”42

The adapter system used a phone’s native camera
with coaxial light-emitting diode illumination in com-
bination with an indirect ophthalmoscopy lens. With
this system, a dilated pupil was required to obtain
a 45° field of view necessary to adequately view the
entire posterior pole for grading purposes. This
requirement for pharmacologic dilation may limit gen-
eralized use of this system by photographers who are
not comfortable dilating patients. Other challenges
included occasional patient eye movement and poor
fixation, which increased the difficulty of acquiring
a centered and focused image. Thus, acquiring a single
posterior pole photograph was more feasible than
acquiring 7 standard 30° ETDRS fields. Currently,
many telemedicine screening clinics use nonmydriatic
imaging systems, which offer the advantage of avoiding
the need for dilation, though at a much higher expense.
The specific advantages of the system described herein
are the very low incremental cost of equipment (low-
cost plastic adapters combining existing practitioner-
owned smartphone, low-cost smartphone application,
and lens), direct wireless connectivity to a secure data-
base through the phone, and concomitant structure and
function data acquisition (photographs and visual acu-
ity). A recent report demonstrated validation of a similar
smartphone-assisted direct ophthalmoscopy-based sys-
tem for fundus imaging.*> The narrow field-of-view
inherent to direct ophthalmoscopy techniques required
the authors to pan across the posterior pole using the
smartphone’s video mode, resulting in longer examina-
tion times and decreased resolution (1080p, or approx-
imately 2 megapixels) compared with a single wider
field-of-view photograph (8 megapixels) that can be
acquired using the smartphone’s photograph mode.

In this study, all data and photographs were collected
by an ophthalmologist using the smartphone telemedi-
cine system. As fundus photograph capture using this
system mimics indirect ophthalmoscopy, the implica-
tion is that an ophthalmologist would have greater ease
applying this practiced skill. Future studies will need to
be performed to evaluate the training required for
a technician to capture high-quality data, because one
of the important potential applications for this technol-
ogy will be performing ophthalmic screening in
underserved areas without adequate access to ophthal-
mic care. Indeed, in our own safety-net hospital, this
may have a role in the primary care or out-of-office
settings to screen for eye disease.

During a pilot period enrolling 10 patients over 2
clinic sessions not included in this study, data from
seven patients were not able to be successfully
uploaded because of technical issues with the beta

version of the software. These issues were subsequently
resolved, permitting successful execution of the study
in 50 consecutive patients without incident. Collabora-
tion between study physicians and the software devel-
opment team was useful in optimizing the software
platform and workflow plan, highlighting the need for
partnerships with telehealth information services pro-
viders. Future work will include additional modifica-
tions to hardware and software integration to improve
reliability of data, quality of photographs, ease of use,
and nonmydriatic image capture. Further testing of this
portable teleophthalmology system in other settings will
likely be of interest, as it has now been FDA-registered
as a Class II 510(k) exempt device.

An important caveat of this study was its imple-
mentation in a relatively small, clinic-based popula-
tion. As such, the proportion of eyes presenting with
referral-warranted disease was low (21%), and addi-
tional studies, enrolling more patients with more
severe retinopathy, will be crucial to assess the
sensitivity and specificity of this approach to screening
for diabetic eye disease.

Using low-cost adapters and existing lenses, this
study demonstrates the potential utility of smartphone
mobile telemedicine to screen for referral-warranted
diabetic eye disease. Our study suggests that there is
a good correlation with findings on a standard clinical
ophthalmic examination, making it potentially compa-
rable with a category 2 ATA telehealth system. To our
knowledge, this is the first mobile system to integrate
ophthalmic structural and visual function data in the
evaluation of diabetic eye disease. The portability of
this system may be of particular use in underserved
areas without adequate access to ophthalmic care.
Future studies are necessary to further evaluate the
feasibility of expanding screening for diabetic eye
disease using smartphone technologies.

Key words: diabetic retinopathy, smartphone, tele-
medicine.
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