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Purpose Ophthalmology residency training heavily relies on visual and pattern
recognition-based learning. In parallel with traditional reference texts, online internet
search via Google Image Search (GIS) is commonly used and offers an accessible fund of
reference images for ophthalmology trainees seeking rapid exposure to images of
retinal pathology. However, the accuracy and quality of this tool within this context is
unknown. We aim to evaluate the accuracy and quality of GIS images of selected retinal
pathologies.

Methods A cross-sectional study was performed of GIS of 15 common and 15 rare
retinal diseases drawn from the American Academy of Ophthalmology residency
textbook series. A total of 300 evaluable image results were assessed for accuracy
of images and image source accountability in consultation with a vitreoretinal surgeon.
Results Atotal of 377 images were reviewed with 77 excluded prior to final analysis. A
total of 288 (96%) search results accurately portrayed the retinal disease being
searched, whereas 12 (4%) were of an erroneous diagnosis. More images of common
retinal diseases were from patient education Web sites than were images of rare
diseases (p < 0.01). Significantly more images of rare retinal diseases were found in
peer-reviewed sources (p=0.01).

Conclusions GIS search results yielded a modest level of accuracy for the purposes of
ophthalmic education. Despite the ease and rapidity of accessing multimodal retinal
imaging examples, this tool may best be suited as a supplementary resource for
learning among residents due to limited accuracy, lack of sufficient supporting
information, and the source Web site’s focus on patient education.
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Ophthalmology training for the diagnosis of retinal patholo-
gy is rooted in visual learning and image-based pattern
recognition. The Google Image Search (GIS) platform is the
most used internet search platform in the United States'; it
offers free access to pictures of eye pathology and may be
used by ophthalmology trainees to rapidly acquire reference
images. Correctly diagnosing eye diseases depends on train-
ees’ abilities to identify and synthesize features seen on the
ophthalmic exam. In particular, the field of retina requires
the interpretation of multiple modalities including the fun-
dus examination, fluorescein angiography, optical coherence
tomography (OCT), and others. The critical importance of
visual learning in the field has been quantified in the past. A
study of medical students with art observation training
demonstrated significant improvement in their descriptions
of retinal disease fundus photos compared with students
who did not have this training.?

Prior studies have demonstrated that free internet resour-
ces including Google, YouTube, and Wikipedia, in addition to
traditional reference sources such as textbooks and peer-
reviewed articles, are widely used as medical education tools
by trainees of various subspecialties, including ophthalmol-
ogy.>* GIS offers an accessible fund of reference images for
ophthalmology trainees seeking rapid exposure to pictures
of retinal pathology. In contrast to traditional reference
sources, the quality of these free internet resources is incon-
sistent. Web sites may provide incorrect or incomplete
information for medical professionals and patients.”~'* GIS
uses the proprietary PageRank algorithm to sort images into
the order in which they appear on the results page. This
sorting is not based on accuracy to the search terms but is
rather algorithmically generated according to proprietary
rulesets that prioritize images from Web sites that are linked
by other prominent Web sites.! Therefore, it is unknown if
GIS is an accurate source for medical education.

To our knowledge, this is the first study to evaluate the
accuracy and quality of GIS of selected retinal pathologies.
This study aims to assess whether GIS image results and their
associated Web sites provide reliable educational images for
common and rare retinal diseases. Our findings may help
delineate the role for GIS in medical education of ophthal-
mology and other specialties dependent on visual learning.

Methods

GIS was performed for 30 retinal diseases, comprising 15
common and 15 rare diseases drawn from the Basic and
Clinical Science Course (BCSC Residency Sets, American
Academy of Ophthalmology, San Francisco, CA) Retina sec-
tion, a comprehensive textbook series provided to all oph-
thalmology residents in the United States (~Table 1).'®
Diseases were selected by a vitreoretinal surgeon and resi-
dent ophthalmologist to represent a diverse range of rare and
common inflammatory, infectious, inherited, and vascular
pathologies. However, conditions with no change in the
funduscopic appearance of the retina were excluded (i.e.,
occult macular dystrophy) for the purpose of the study.
Diseases were subdivided into common and rare conditions
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Table 1 Google Image Search was performed on 30 retinal
diseases, including 15 rare and 15 common diseases, selected
from the Basic and Clinical Science Course retina book

BCSC retina
chapter source
Common retinal diseases
1. Age-related macular degeneration Chapter 4
2. Central retinal artery occlusion Chapter 6
3. Central retinal vein occlusion Chapter 6
4. Central serous chorioretinopathy Chapter 9
5. Commotio retinae Chapter 18
6. Cystoid macular edema Chapter 7
7. Diabetic retinopathy Chapter 5
8. Epiretinal membrane Chapter 17
9. Hypertensive retinopathy Chapter 6
10. Lattice degeneration Chapter 16
11. Macular hole Chapter 17
12. Retinal detachment Chapter 16
(rhegmatogenous)
13. Retinopathy of prematurity Chapter 8
14. Sickle cell retinopathy Chapter 7
15. Solar retinopathy Chapter 18
Rare retinal diseases
1. Angioid streaks Chapter 4
2. Best’s disease Chapter 13
3. Bietti’s crystalline retinopathy Chapter 15
4. Bilateral diffuse uveal Chapter 9
melanocytic proliferation

5. Birdshot chorioretinopathy Chapter 11
6. Coats disease Chapter 7
7. Eales disease Chapter 7
8. Familial exudative vitreoretinopathy | Chapter 17
9. Gyrate atrophy Chapter 13
10. Ocular histoplasmosis syndrome Chapter 4
11. Retinal cavernous hemangioma Chapter 7
12. Retinitis punctata albescens Chapter 12
13. Stargardt’s disease Chapter 13
14. Terson’s syndrome Chapter 7
15. Uveal effusion syndrome Chapter 9

Abbreviation: BCSC, Basic and Clinical Science Course.

based on incidence data and in consultation with a vitreor-
etinal physician. No human subjects were involved in this
study.

For each GIS search, Google preferences and location
tracking were disabled. Searches were performed and
reviewed by one ophthalmology resident using a single,
private desktop computer. Image results were reviewed
with a vitreoretinal surgeon if there was any question as to
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whether an image accurately depicted a searched disease or
whether the image should be included in analysis. The first
10 image results that met inclusion criteria were evaluated.
Images were excluded for reasons that would make them less
likely to be used by a trainee as a reference image, including if
they were nonclinical images, i.e., illustrations, nonretina
images, low-resolution images precluding determination of
fundus/imaging details (<250 pixels by the image’s longest
axis or subjective judgment of a multi-image collection), or
diagrammatic pages and/or slideshow images with predom-
inantly text (=Fig. 1A and B). An example of a “nonretina”
image is demonstrated in =Fig. 1A, an external photograph
of the absent red reflex in a child with Coats disease. The
purpose of these exclusion criteria was to select images that
were most likely to be used by trainees for learning retinal
pathology. We tabulated the number of top image results to
reach 10 images meeting criteria for each search.

For included images, accuracy of the picture, type of
imaging modality (fundus photograph, fluorescein angiog-
raphy, OCT, or multimodal), and its linked Web site were
evaluated. Multimodal images were defined as a collection of
different types of images (e.g., OCT and fundus photograph).
In judging accuracy of multimodal images, all included
pictures needed to be correct depictions of the searched
disease pathology. Each image’s origin Web site was assessed
for the presence of supporting text describing the clinical
entity, whether it was a peer-reviewed source or originated
from a patient education Web site (i.e., ophthalmic practice
Web site) and its target audience (patient vs. medical

professional vs. unspecified). For some images, full support-
ing text was only viewable with a login or online payment,
and this was noted in the results. The number of references
on each Web site was tabulated, and Web sites in which
references were unavailable due to need for a login were
counted as having zero references. The target audience was
determined by a Web site’s language. The image and Web site
results were reviewed by one ophthalmology resident (L.V.
C.) in consultation with a vitreoretinal-trained ophthalmol-
ogist (D.X.).

Statistical analysis was performed using Excel 2021
(Microsoft Corporation, Redmond, WA). Chi-squared test of
independence was used to evaluate differences between the
source Web sites for common versus rare retinal diseases and
correct versus incorrect images. Student’s unpaired two-
tailed t-test was used to compare the number of references
on Web sites for common versus rare retinal disease images.
Fisher’s exact test was used to compare the number of
incorrect images originating from peer-reviewed sources
and from ophthalmic practice Web sites. p-Values less than
0.05 were considered statistically significant.

Results

GIS searches were performed between November 2020 and
December 2020, and analysis was completed in 2021. Three
hundred image results from 30 disease search terms were
included in the analysis (=Fig. 1C and D). To include 10
images meeting criteria for each of the 30 retinal diseases

C) Common Retinal Diseases: Types of Images

Flourescein

Angiography 5%
(8/150) TN

OCT 1%
(1/150)

D) Rare Retinal Diseases: Types of Images

B-scan 1%
(1/150) Multimodal
16% (24/150)
Fluorescein \
angiography
2% (4/150)

Fig. 1 Google Image Search results. (A-D) Screen captures of Google Image Searches of (A) Coats disease and (B) ocular histoplasmosis

syndrome. Images were excluded if they were nonclinical (red circle), poor quality, pages with text (black circle), or did not feature the retina
(black squares). The first 10 image results that met criteria were included in analysis. (C and D) Common and rare retinal diseases had a similar
distribution of image types, including approximately 80% fundus photos, 10 to 15% multimodal collections, 2 to 5% fluorescein angiography, and

1% other.
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Images Excluded from Google Image Search Results
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Fig.2 Characteristics of excluded images. A total of 77 image results were excluded because they were nonclinical pictures, poor quality, pages

with text, or did not feature the retina.

searched, a total of 377 image results were initially analyzed
with 77 results excluded from analysis (=Fig. 2). Among the
excluded results, 46 were of common diseases and 31 of rare
diseases (p=0.13). The most frequently excluded images
were nonclinical results (35 common diseases and 7 rare
diseases, p < 0.001).

The accuracy of the resultant images was compared with
the intended search term. Ninety-six percent (288/300) of
included images accurately portrayed the diseases searched.
Additionally, of the 300 included images, 52 (17%) had
annotations within the image to identify pathologic features.
A total of 12 (4%) images were of the incorrect diagnosis,
including 6 images each of common and rare diseases.
Images were inaccurate because they depicted a normal
fundus photograph (five results), a related but distinct
condition (one branch vein occlusion rather than central
vein occlusion and one branch artery occlusion rather than
central artery occlusion) or a different disease (5). Four out of
the 12 (33%) incorrect images originated from peer-reviewed
sources, and 3 out of 12 (25%) originated from ophthalmic
practice Web sites. There was no significant difference in the
number of incorrect images that originated from peer-
reviewed sources (4/66) versus ophthalmic practice sites
(3/51) (p=1.0, Fisher’s exact test).

The source Web site was also evaluated for accuracy
toward the image search term. The 300 included images
originated from 125 unique Web sites (~Table 2). Each Web
site was evaluated for the presence of supporting text,
accuracy of supporting text relative to the intended search
term, intended audience, and whether it was peer-reviewed
or produced by an ophthalmic practice (~Table 3). Between
the common and rare diseases, there were significant differ-
ences in the number of images that came from peer-reviewed
sources and ophthalmic practice Web sites. More images of
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common retinal diseases were sourced from ophthalmic
practice Web sites than images of rare diseases (p <0.01).
Eighty-six percent (44/51) of the ophthalmic practice Web
sites were aimed at patient education. Common disease
images (47/150 images) were more likely than rare diseases
(21/150 images) to originate from Web sites written for a
patient audience than rare diseases, p < 0.01). Additionally,
there were significantly (p =0.01) more images of rare reti-
nal diseases (42/150 images) originating from peer-reviewed
sources than common disease images (24/150 images). Out
of the 66 images from peer-reviewed sources, 18 (27%) were
from case reports, 22 (33%) were from review articles, and
the remainder were from original reports (26 images, 39%).

Atotal of 45 images originated from Web sites that had no
accompanying text or required a subscription or member-
ship to view the full text, including 17 peer-reviewed Web
sites (38%). All Web sites with text available provided accu-
rate information on the intended search item, except for one
page (Wikipedia.org) that described branch retinal vein
occlusion instead of central retinal vein occlusion. Web pages
for common retinal diseases had a mean of 9.8 references,
compared with Web pages for rare retinal diseases that had a
mean of 11.9 references (p = 0.6).

Discussion

This study evaluated the accuracy and viability of GIS, the
most popular internet search platform in the United States,’
as an accessible tool for ophthalmology trainees seeking
rapid exposure to retinal diseases. The search tool displayed
reasonable accuracy among retinal disorders with 96% of
included images correctly representing the search terms in
our panel of common and rare retinal diagnoses. We found no
difference in the number of incorrect images for rare (six
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Table 2 Web sites that sourced at least four images from Google Image Searches results of common, rare, or all retinal diseases

Most frequently accessed Web sites for top Google Image Search results

Common retinal diseases

Rare retinal diseases

All retinal diseases

merckmanuals.com

webeye.ophth.uiowa.edu

webeye.ophth.uiowa.edu

webeye.ophth.uiowa.edu

aao.org

aao.org

aao.org

imagebank.asrs.org

imagebank.asrs.org

rvscny.com

nature.com

nature.com

wikipedia.org

researchgate.net

morancore.utah.edu

asrs.org

morancore.utah.edu

merckmanuals.com

imagebank.asrs.org

asrs.org

asrs.org

reviewofoptometry.com

sciencedirect.com

researchgate.net

rvscny.com

wikipedia.org

eyecenters.com

link.springer.com

pinterest.com

columbiaeye.org

sciencedirect.com

Table 3 There were significant differences in source Web sites for common versus rare retinal diseases

Image source All images

Images of common
retinal diseases

Images of rare
retinal disease

p-Value (chi-squared

test of independence
comparing rare vs. common
disease images)

Peer-reviewed Web sites 66/300 (22%) 24/150 (16%) 42/150 (28%) 0.01
Patient education content 68/300 (22.6%) | 47/150 (31%) 21/150 (14%) <0.01
Ophthalmic practice Web sites | 51/300 (17%) 43/150 (29%) 8/150 (5%) <0.01

images, 2%) and common (six images, 2%) retinal
disease searches, and no association was found between
incorrect images and origin Web sites (whether peer-
reviewed or not).

Despite the reasonable level of accuracy, GIS may have
limitations as a primary learning tool in ophthalmology.
Seventy-seven top image results were excluded from analy-
sis because they either were of low-quality unsuitable for
visual learning or were not clinical images of the retina. GIS
results prioritize images from sources linked by prominent
Web sites, relevance metrics, and user engagement factors.'”
Therefore, in contrast to textbooks or traditional teaching
materials used by students, GIS results are not, by definition,
medically accurate toward the intended search term. The
strength of GIS as a learning tool is its rapid exposure to
pictures of retinal pathology; however, the presence of
nonclinical and low-quality images in top search results
should be recognized by its users.

We also characterized the source Web site and any
associated supporting text. Most images came from Web
sites with accurate supporting text, but there were limita-

tions for use as an educational resource. Significantly more
images of common diseases originated from ophthalmic
practice Web sites compared with rare disease images, and
most of the ophthalmic practice Web sites were directed
toward patient education. Despite accurate content, Web
sites aimed at patient education are less likely to fulfill
ophthalmology trainees’ educational needs. Significantly
more images of rare disease came from peer-reviewed
sources than common disease images. Twenty-six percent
of images from peer-reviewed sources came from Web sites
that required a login to view the full text. Lack of access to
supporting text hamper confirmation of image correctness
and reduces its utility as an educational resource.

To our knowledge, only one prior study examined internet
image search as a medical learning tool. Freeman et al
reported image search accuracy of orthopedic surgery in
shoulder injuries, finding a 4 to 30% image inaccuracy, which
was substantially lower accuracy than our results.'* These
and other medical specialties share image- and pattern-
based recognition as a core component of medical compe-
tency. Image accuracy in educational materials is essential.

Journal of Academic Ophthalmology Vol. 15 No. 1/2023 © 2023. The Author(s).
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Our study had several limitations in its analysis of GIS
results. Repeat searches were not performed to determine
variability of image results over time. Also, a user’s geo-
graphical location may influence the order or presence of
search results (i.e., a local ophthalmic practice). We disabled
location services in our study to avoid this confounding
variable. Web sites were evaluated for the presence and
accuracy of supporting text; however, future studies should
consider grading Web sites with an objective rubric for
quality of text. While prior studies have established that
the internet is a widely used source for medical education,
future studies should survey ophthalmology trainees to
quantify their use of GIS and their learning preferences.

In this study, we evaluated internet image search through
the lens of ophthalmic education for the rapid acquisition of
images of retinal fundus pathology for trainees. Despite the
accuracy of GIS results and their associated Web sites, GIS
may be better suited as a supplementary, rather than prima-
ry, source for learning retinal pathology. It provides easy, free
access to many reference images. However, most images are
not annotated to identify abnormal features, nonclinical
images frequently appear in top results, and linked Web
sites are often aimed at patient education, reflecting the
variegated reasons why internet users (patients, ophthal-
mologists, and all others) in general perform these searches.
Nonetheless, overall, we found that GIS provides acceptably
accurate reference images of the most retinal disease. How-
ever, we should remind trainees to sort results judiciously to
identify high-quality educational resources and use trusted
peer-reviewed sites.
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