Graefe's Archive for Clinical and Experimental Ophthalmology
https://doi.org/10.1007/s00417-020-04860-z

RETINAL DISORDERS

Remote screening of retinal and optic disc diseases using handheld
nonmydriatic cameras in programmed routine occupational health
checkups onsite at work centers
Miguel A. Zapata 1,2 & Ruth Martín 3 & Claudia Garcia-Arumí 4 & Alex Fonollosa 2 & Ignacio Flores-Moreno 2 &
Roberto Gallego-Pinazo 2 & Estanislao Gutiérrez 2 & Maximino Abraldes 2 & Javier Zarranz-Ventura 4,5 & On behalf
Optretina Reading Group
Received: 22 April 2020 / Revised: 20 July 2020 / Accepted: 23 July 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Purpose To evaluate the first year outcomes of a remote screening program for detection of retinal diseases using handheld
nonmydriatic cameras in occupational routine checkups performed onsite at work centers.
Methods Cross-sectional, first year screening program outcomes audit. Participants were volunteers recruited from staff within
work centers. Retinal fundus images were captured by technicians, and images and data were anonymized and sent securely to a
remote server. A team of ophthalmologists, all retinal specialists, remotely read the images using a custom-made software and
sent telematic reports of findings within 24–48 h. The main items evaluated were the detection of retinal abnormalities and the
relationship between retinal findings and demographic data such as age and sex.
Results A total of 19,881 workers were evaluated in 52 centers. Mean age was 41.1 years old, 43.9% men and 56.1% women.
Mean duration of the test was around 2 min. Of the workers, 7.8% presented abnormalities in retinal fundus images, being the
main findings choroidal nevus (2.4%), macular pigment abnormalities (1.5%), glaucomatous optic disc (1.2%), and macular
signs of high myopia (1.1%). The presence of abnormalities was associated with greater age, being 5%, 7.9%, 12.6%, and 19.7%
in workers less than 40 years, from 40 to 49, 50–59, and ≥ 60 years (p < 0.05), respectively. Men had more abnormalities in
retinal fundus images than women (8.6 vs. 7.2; p < 0.05 RR: 1.2; CI 1092–1322).
Conclusions Mass screening of retinal and optic disc abnormalities during occupational health routine checkups is a feasible,
quick, and efficient tool for early detection of potential vision-threatening disease markers.
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Routine occupational health checkups for employees are commonly organized in a periodical basis by employers and companies in many countries. Regulations differ between countries, being mandatory or voluntary depending on the framework, except in certain sectors such as the chemical industry
or other industries where the job itself implies a specific risk
for the workers. In Spain, the regulation of Occupational Risk
Prevention Services arranges medical checkups before
starting work (for the first time or after a long time off) and
periodically, normally once a year. Medical revisions should
be carried out by qualified personnel and should always be
supervised by a medical specialist in occupational health. A
routine occupational health examination usually consists of a
general past medical history of the worker’s health status and a
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Key messages
The diseases of the central retina and glaucoma are the first cause of visual loss in
industrialized countries. They are asymptomatic diseases. Its early diagnosis has
proven useful in avoiding visual loss. So far, no screening of these diseases is
carried out in the occupational environment.
Screening of diseases of the central retina through non-mydriatic cameras is an
effective and efficient system.
Between 7 and 8% of the active population has alterations in the retina that must
be controlled, this percentage increases exponentially with age
Screening of retinal abnormalities during occupational routine checkups seems to
be a good tool for early detection of vision-threatening disease. It should be
incorporated into the usual occupational reviews as it would efficiently ensure the
employees' visual health

structured general physical examination. Routinely, other
complementary tests are often included in the reviews such
as a control of the best corrected visual acuity, an audiometry,
a spirometry, an electrocardiogram, and blood and urine analysis with standard profiles (i.e., full blood count, glucose,
U&E, etc.). In some cases, other tests such as radiology studies may be included. Similar checkups are carried out in other
countries of the European Union and North America as a
previous assessment to start a job [1, 2]. Although no data or
extensive studies on the general prevalence of injuries are
available, previous studies have reported a positive impact
of these reviews on certain aspects, such as enhancing respiration [3], improving diet [4], assessing low back pain [5], or
providing economic data that demonstrate absenteeism reduction in companies with these types of examinations [6].
There is a literature lack about the role of ophthalmology in
these routine occupational health checkups, and only few
studies have been reported. These scarce publications support
the need for periodic ocular reviews and highlight the value of
vision and the importance of visual health prevention, especially in elderly patients [7, 8]. In modern societies, in the
developed world, the diseases of the central retina and glaucoma are the most frequent cause of severe visual loss [9].
These diseases are completely asymptomatic in early stages
and slowly progress to greater stages when symptoms developed and diagnosis is made. Unfortunately, at this late stage,
often lesions are permanent and the possibility of visual recovery is marginal. Therefore, early diagnosis of these diseases of the central retina and optic nerve appears essential,

and previous reports have demonstrated its benefits in preserving patient’s vision [10, 11].
This work aims to evaluate the first year outcomes of a
remote screening program for detection of retinal diseases
using handheld nonmydriatic cameras, in occupational routine
checkups performed onsite at work centers. This pilot study is
directed to assess the feasibility of this innovative approach, in order to establish its validity and potential
benefits prior to be incorporated in routine occupational
health checkups protocols.

Methods
A retrospective study was carried out, based on the first year
of retinal screening during routine labor reviews.

Registration
Employee participation was voluntary; they were given all the
information about the test performed, its benefits, and limitations. All patients signed the consent form to perform the test
and the data protection law. After that, all participants completed an online form with their age and their medical background. Once the form was filled, the participants received an appointment for the retinal fundus image, indicating the date and the room where the test would
take place and the exact time of the test.
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Imaging protocol

Retinal fundus image evaluation

The images were taken at the same offices, inside rooms with
poor lighting prepared for retinal fundus image with
nonmydriatic cameras. The images were captured by technicians specially trained for it. The cameras used were handheld
nonmydriatic cameras, Optomed Smartscope PRO model,
Zeiss visuscout 100 and Optomed Aurora, and examples of
different images and camera characteristics are shown in
Fig. 1. At the time of the appointment, the patients identified themselves, and the technicians used their tablets
to get their data and the QR code assigned to each
patient. The technicians performed the retinal fundus
images of each patient next to the photography of the
QR codes using Optretina’s own software (Fig. 2). Then
when the cameras were connected to the network, the
images were directly assigned to the patient’s data and
were automatically processed, anonymized, and loaded
into Optretina’s telemedicine platform to be evaluated
by ophthalmologists.

The software and the evaluation of the cases by Optretina were
previously described for screening in optical centers [12]. The
software accomplishes the requirements of anonymization,
data protection, and security demanded (CE marking, HL7).
The evaluation was performed by twelve retina ophthalmologists experienced in image evaluation.
Case distribution among experts was randomized. The reports described the findings in the retinal fundus images, and a
visit to the ophthalmologist was recommended to all those
patients who presented abnormalities in the retinal fundus image, including those ones with characteristics that may not be
pathological in some cases, such as small nevus, drusen, or
pigment. International pathology criteria were used for the
evaluation (diabetic retinopathy, age-related macular degeneration (AMD), and suspected glaucomatous optic neuropathy)
[12]. Cases with blurred images not good enough for evaluation were also referred to the ophthalmologist in order to study
possible causes as cataract, corneal opacities, and other.

Fig. 1 Example of fundus photographs with different models of handheld
cameras. Images performed with Smartscope PRO: (A1) peripapillar choroidal nevus and (A2) myopic fundus with atrophy and Fuchs’ spot.

Images capted with Visuscout 100: (B1) macular pigmented abnormalities and (B2) diabetic retinopathy. Images from Aurora: (C1) Retinal
scars and (C2) tessellated fundus
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2019. Informed consent was obtained from all individual participants included in the study.

Statistical study
For the statistical study, the IBM SPSS Statistics version 23
was used. For the comparison of age average between groups,
the Student’s t test was used for independent data. We use the
chi-square test to evaluate qualitative variables with 2 × 2
tables.

Results

Fig. 2 Demonstration of retinal fundus imaging, using handheld camera,
and preregistration with QR codes

Once the cases were reviewed, a report was sent to each
patient (in some cases through the company medical staff)
with test’s results and recommendations. The test was funded
by the insurance company or by the company itself.

Awareness
During the test, we took the opportunity to raise awareness
among workers about the importance of visual health. It was
orally performed by the technicians who took the images, and
the results reports were given in a written way. General advice
on avoiding toxics, the importance of a good nutrition, and
periodic ophthalmological checkups was added.

Level of satisfaction
The insurance company Sanitas (member of BUPA) conducted a satisfaction survey in several of the offices where the
screening was carried out, asking employees: global satisfaction, professionalism of technicians/doctors and level of
recommendation.

Patient and public involvement
Patients and the public were not involved in the design or
conduct or reporting or dissemination plans of the research.

Ethical considerations
Optretina is a company supervised by the ethical committee of
the Vall d’Hebron Hospital in Barcelona, who approved the
review and publication of these data, number PR(OPT)370/

A total of 19,881 patients were evaluated, distributed in 52
work centers. The average of employees evaluated per center
was 382. The maximum number of workers evaluated in 1 day
was 1340, using a team of three camera operators. The average time to perform the test was around 2 min for each patient.
The age average was 41.1 years, with a range between 18 and
70 years, standard deviation 9.71. There were 43.9% of men and
56.1% of women. Only 1.4% of patients were recognized as
diabetics. Table 1 summarizes findings depending on age group.
Of the total number of cases evaluated, 7.8% presented retinal fundus image abnormalities and were referred for an ophthalmological review. The main abnormalities found after fundus images evaluation were as follows: choroidal nevus 469
patients (2.4% total), pigmentary abnormalities in macular area
301 patients (1.5%), suspected glaucomatous optic neuropathy
238 patients (1.2%), and signs of high myopia 212 patients
(1.1%). Only 0.7% of all patients in 144 cases presented blurred
images with an insufficient quality for evaluation, either due to
lack of media transparency or due to the presence of small
pupils. Figure 3 defines the totality of abnormalities found.
The average age of patients with fundus abnormalities was
higher than normal patients (45.19 vs. 40.83 p < 0.05). In patients with less than 40 years, the prevalence of abnormalities
was 5%, in the group from 40 to 49 years was 7.9%, and in the
group from 50 to 59 years was 12.6%, and retinal abnormalities were present in the 19.7% of patients over 60 years
(p < 0.05) (Fig. 4). Males presented more alterations in retinal
fundus images than females (8.6 vs. 7.2; p < 0.05 RR: 1.2; CI
1092–1322). Such differences increased with age; in over
50 years, the prevalence of abnormalities is 15.22 in men
and 11.72 in women (P = 0.001; RR1.3; CI 1114–1517).
There were no significant differences between men and women in the prevalence of nevus, high myopia, or macular pigmentary abnormalities. Men presented more frequently a
suspected glaucomatous optic neuropathy (1.4% vs. 1.03%;
p = 0.018; RR: 1.36; CI 1.62–1.76). Of the total cases in which
a medical review was recommended, 97.4% were routinely
referred, 2.2% were referred as a priority, and 0.4% of patients
were referred urgently to the ophthalmologist.

Referral

Diabetic patients
Retinal fundus abnormalities

Number of patients
Gender

All abnormalities
Choroidal Nevus
Macular pigment abnormalities
GON
High myopia
Blurred images
AMD
Others
Routine
Preferential
Urgently

Female
Male

8405
4657
3748
69
421
142
72
69
67
23
0
48
410
10
1

100.0
55.4
44.6
0.8
5.0
1.7
0.9
0.8
0.8
0.3
0.0
0.5
95.0
4.9
0.1

7269
4260
3009
77
573
201
123
81
81
37
0
50
560
12
1

100.0
58.6
41.4
1.1
7.9
2.8
1.7
1.1
1.1
0.5
0.0
0.7
7.7
0.2
0.0

Percentage

Patients

Patients

Percentage

40–49 years

< 40 years

Patients distribution and fundus image finding depending on age group

Age group

Table 1

3751
2043
1708
116
472
114
93
80
58
54
16
57
456
12
4

Patients
100.0
54.5
45.5
3.1
12.6
3.0
2.5
2.1
1.5
1.4
0.4
1.7
12.2
0.3
0.1

Percentage

50–59 years

456
194
262
25
90
12
13
8
6
30
14
7
90
0
0

Patients

≥ 60 years

100.0
42.5
57.5
5.5
19.7
2.6
2.9
1.8
1.3
6.6
3.1
1.4
19.7
0.0
0.0

Percentage

19,881
8727
11,154
287
1556
469
301
238
212
144
30
162
1516
34
6

Patients

Total

43.9
56.1
1.4
7.8
2.4
1.5
1.2
1.1
0.7
0.2
1.6
7.6
0.2
0.0

Percentage
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Fig. 3 Representation of the main
abnormalities found in the
retinographies and their absolute
numbers of the total series. GON,
glaucomatous optic neuropathy:
AMD, age-related macular degeneration; ERM, epiretinal
membrane; CSC, central serous
chorioretinopathy; DRP, diabetic
retinopathy

The cost of the test per patient was less than 10 euros, depending on the volume of employees assessed by each center.
The percentage of workers who underwent the fundus image examinations of the total workforce varied between centers and oscillates between 60 and 92% of the employees. A
satisfaction survey was requested to 930 employees. The average satisfaction score was 9.1 out of 10. Professionals received 9.35 out of 10. Ninety-five percent of the employees
would recommend it to a friend, and 95% would repeat the
exam in the future.

Fig. 4 Distribution of retinal fundus abnormalities depending on age
groups

Discussion
The convenience of performing routine medical exams in the
workplace remains controversial. Meanwhile, it is accepted
that such examinations may help to promote workers health
and may contribute to prevent illnesses and sometimes can be
a barrier especially when these examinations are done prior to
getting the job. From the deontological perspective, there is a
potential risk that these studies may prevent equal labor access
for certain individuals [13, 14]. Leaving aside this previous
examination, the promotion of health and periodic reviews at
workplaces have been proven effective and efficient in improving the health of employees [3, 6], especially in some
types of jobs and specific groups.
For years, a visual acuity assessment is carried out during
routine pre-employment medical exams in most European
countries. Vision is critical for many of the existing jobs, since
the vision is our main communication system with the environment that surrounds us. A simple visual acuity check may
be important, for example, in the early diagnosis of cataracts,
but it can be ineffective to prevent the main diseases that cause
blindness or decrease of vision in our environment. Diabetic
retinopathy, glaucoma, and AMD are completely asymptomatic until advanced stages of the disease, and early interventions are required to prevent or detect these diseases before
permanent damage is established. In this aspect, retinal fundus
images with nonmydriatic cameras have widely demonstrated
their value. Its efficacy and efficiency for early detection of
diabetic retinopathy [15] and AMD [16] are widely demonstrated, and recent reports suggest positive screening outcomes also in glaucoma and neurological diseases [17, 18].
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In our series, abnormalities have been found in 7.8% of the
patients, significantly lower than the 21% found by our same
group in patients who were assessed in optical centers [12].
We think that this difference may be explained by a number of
reasons, such as age, which is allegedly much lower in occupational health checkups than in the general public (41.1 years
vs. 52.3 years). In addition, patients who come to the optician
may present some selection bias, as they may have a reason to
seek for ophthalmic care. We do believe that our current series
may be closer to the general population of working age. As
expected, in our series, the prevalence of retinal abnormalities
increases with age. Although it is a very inexpensive screening method that could be successful for the entire population,
it could make sense stablish priority, for reasons of cost-effectiveness, for patients over 50 years of age or with risk factors.
The main finding has been the choroidal nevus. The prevalence of nevus in the population ranges between 0.5 and 7%
depending on the series, age, and race [19]. In our series, we
had a prevalence of nevus of 2.4% of the total fundus pictures
examined, consistent with the average age of our cohort. No
prevalence studies in Spanish or European population have
been reported, although it seems to be higher in white
Caucasian race and decreases in more pigmented races such
as black or Hispanic race [20]. The importance of the detection and control of nevus consists in its possible malignancy to
choroidal melanomas. It has been classically estimated that
approximately one in 8000 nevus become malignant melanomas [21], although this figure has been questioned by other
authors, who suggest that the probability for a nevus to become malignant in a lifespan can be up to 1% [22]. The diagnosis and ophthalmological control of the nevus, especially
those that show risk factors, is key for early detection and
prompt treatment in case of malignant transformation [20].
Pigmentary alterations are the second cause of referral to the
ophthalmologist in our series. Whereas such lesions are not a
disease themselves, they are a common feature that represents
a miscellaneous group of diseases from multiple etiologies. In
our previously published optical center screening series, they
represented 7% of all reported lesions [12]. Possible etiologies
for pigmentary alterations include unconventional forms of
AMD, sequelae of previous central serous chorioretinopathy,
traumatic or phototraumatic lesions, or incomplete forms of
macular dystrophies, among other less frequent conditions. In
all these situations, a complete ophthalmological assessment
and the performance of further ancillary tests, such as optical
coherence tomography or autofluorescence, are essential for
differential diagnosis and correct management of such cases.
The global prevalence of glaucoma worldwide is 3.5% in
the general population between 40 and 80 years [23], being
significantly lower in Europe where it has been reported below 3%. In our series, the prevalence of suspected glaucoma
defined as possible glaucomatous papilla has been lower,
1.2%. This figure may be explained at least in part for the

younger age of our study cohort. We must remember that
the definitive diagnosis of glaucoma is very complex to perform and requires a complete ophthalmological examination
and other complementary tests. In previous reports, the presence of glaucomatous papilla in retinal fundus images performed for diabetic retinopathy screening in the UK [24]
was 1.87%, slightly higher than our prevalence. Consistent
with this data, it is known that diabetics may have a higher
prevalence of glaucoma than the general population.
Nevertheless, the study of suspicious papilla in retinal fundus
images has been proposed as a good method for glaucoma
screening [24, 25], although it is performed opportunistically
during the screening of other diseases such as diabetic retinopathy or AMD. The greater experience and training of glaucoma specialists in the evaluation of the optic disc could, in
theory, make the suspicion of glaucoma more accurate.
Other studies have seen good intra- and interobserver agreement among ophthalmologists, optometrists, and even nonmedical qualifiers [26–28]. In our case, we have models similar to other detection programs that evaluate the retina and
also the optic disc, such as in Hong Kong or the UK, where
glaucoma specialists [24, 29] are not used. More research is
needed in this area, for example, establishing staggered
screening between subspecialties.
Macular disorders associated with high myopia have been
the fourth most frequent cause of abnormality. The prevalence
of myopic maculopathy in the general population varies depending on race, but as a general rule, it is estimated to be
between 1 and 4% [30]. In our series, it has accounted for
1.1%, consistent with this previous report. Myopic
maculopathy is one of the most frequent causes of visual loss
and blindness in our environment, especially in young people,
hence the importance of its ophthalmological detection and
control in working age individuals such as those evaluated
in the present series. We must emphasize that high myopia
is one of the leading causes of severe visual impairment and
legal blindness, being in Spain the first cause of affiliation
with the national organization of blind people (Organización
Nacional de Ciegos de España, ONCE) [31].
Handheld cameras have been used previously for retina and
optic disc screening [32, 33], and they have been compared,
with good results, with stand-alone nonmydriatic cameras
[34]. The quality of the images for screening is a key point.
In our case, 0.7% of the patients did not have images of sufficient quality. The blurring of retinal fundus images can be
due to multiple causes, although with well-trained technicians
and in rooms with the right conditions the main causes are
usually the presence of media opacity or the presence of very
small pupils. Our series presents a much lower percentage of
non-evaluable cases compared with other series [35], where
they range between 8 and 18%. In our opinion, this better
performance may be explained due to the younger average
age of evaluated individuals and adequate training in the
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image capture process. For the latter, the formula employed in
this study, with a specialized team performing the examinations locally at workcenters, appears as an excellent tool to
improve the quality of the images for future remote assessment and therefore the reliability of the findings.
Consistently with the average age of the evaluated cohort,
the presence of AMD suggestive lesions was low (0.2%), as
expected compared with other prevalence studies in older
study populations. Nevertheless, even in the subgroup analysis by age group, the prevalence of AMD signs is 0.7% in
individuals older than 50 years, lower than the prevalence data
published for this age group [36]. Our series mainly include
office workers which allegedly present adequate health, but
we do not have toxicological (smoker/nonsmoker) or dietary
intake data that could help us inform further the reasons for
this lower prevalence of AMD. Although the use of remote
fundus photography has been used primarily for screening of
DR, there is a very low prevalence of diabetes in the study
population. Signs of DR were only observed in 6 patients,
making it difficult to draw conclusions regarding this disease.
Employee satisfaction with the test was very high, due to the
simplicity of the test, its speed, and especially the fact of being
carried out in the same workplace. Although this is not a costeffectiveness study, we can state that the cost per patient was
much lower than other retinal screenings, especially performed
in diabetic patients. The cost estimates for a single examination
with the protocol and setting proposed in this study is 10 euros
per patient (maximum), much lower than the usual cost estimated
for a conventional DR screening visit, which ranged from 20 to
100 euros, depending on the series [37].
First, the retrospective nature of the data collection.
Second, the potential risk of selection bias, as the examinations were carried out in an office enviroment. Second, there is
a potential risk of selection bias, as the study population has
been identified and the examinations have been carried out in
an office environment. Meanwhile, the latter circumstance
limits the generalization of the results to the overall population; it would be interesting to include workers from other
sectors, as industrial, primary, or service sectors, to have a
general view of the prevalence of retinal and optic nerve pathologies in the overall workforce nationwide.
We believe that new strategies are needed for the early detection of ophthalmic diseases, even more after the COVID-19 pandemic, simple and fast tools that do not require patient mobility
or overburden health care services. In this regard, remote fundus
photography can help us as part of the strategy.
In summary, meanwhile we do acknowledge that the percentage of pathology found is low as expected in an allegedly
healthy study population and the alterations found are significant enough to justify the examination. The search for retinal
lesions by retinal fundus images seems to meet the standards
that an effective screening system must have: highly prevalent
and potentially incapacitating diseases in the general

population, in which prognosis improves significantly with
early diagnosis and treatment, detectable with a simple, noninvasive, low-cost examination. We believe that raising
awareness of the role of retinal screening campaigns in the
workforce population should be emphasized. New prospective studies will be necessary to confirm the positive preliminary results obtained, especially in other productivity sectors
and in other countries, to provide further evidence to support
the inclusion of retinal fundus image exams in the routine
occupational health checks of the workers.
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