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ABSTRACT

This study was performed to evaluate a healthcare strategy based on teleophthalmology for diagnosis and management
of primary healthcare users. A descriptive cross-sectional study was conducted to review the medical records of patients
from January 2013 to December 2014 from primary care units in the city of Sdo Paulo. The units referred patients, who
had diabetes or high blood pressure, and were users of chloroquine compounds, for a fundus examination. The images
were sent to a reading center for review, diagnosis, and patient referrals. From 9173 analyzed patients, 570 (6.2%) were
excluded because of poor image quality. Of the remaining patients, 4933 (57.3%) had diabetes, 7242 (84,2%) systemic
hypertension, and 113 (1.3%) used chloroquine. Of these, 989 (11.5%) patients needed ophthalmologic treatment. The
most frequently prescribed treatments were cataract extraction in 692 (70%) of 989 and photocoagulation in 245
(24.8%) of 989 cases. Overall, cataract extraction was indicated in 692 (8%) of 8603 cases and photocoagulation in 245
(2.8%) of 8603 cases. When only patients with diabetes were considered, the indication for photocoagulation increased
to 4.5%.The results showed that non-medical professionals could produce good-quality ocular images for screening of
ocular diseases in most cases; only 6.2% of ocular images did not meet quality requirements. Most patients referred for
fundus examination did not need a specific treatment, indicating that this system could be an inexpensive and reliable
tool for use in developing countries.
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INTRODUCTION
With increasing life expectancies, there has been a that affect vision. In some diseases, ocular changes can
concurrent increase in the number of chronic diseases help the primary healthcare team with diagnosis and
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management of the disease [1]. Therefore, preventative
methods and timely diagnosis and treatment are
required [2]. The high number of adults and elderly
patients with visual problems and ocular diseases makes
ophthalmology a healthcare service that is in high
demand, worldwide [3]. One study found that
ophthalmologic care represents 7.5% of all specialties in
teaching hospitals of the Brazilian state of Sdo Paulo [4].
In Brazil, as in many other countries, access to
ophthalmologic examinations is limited, due to high
demand and the dearth of ophthalmologists, requiring
new technologies to be aggregated in the health system,
in response to this growing demand [5]. The current
study evaluated diagnostic modalities in Diabetes
Mellitus (DM), systemic hypertension (HTN), and chronic
use of chloroquine, through telemedicine, performed by
nurse practitioners working in primary healthcare units.
The study also analyzed the generated demands and its
impact on the healthcare system with a multimodal
approach.

MATERIALS and METHODS

A prospective descriptive cross-sectional study was
conducted and included 13 primary healthcare units of
the public primary care system of the region of Vila
Maria/Vila Guilherme in northern S3o Paulo, managed by
the Paulista Association for the Development of
Medicine. The Ethics Committee of the Federal University
of S3o Paulo approved the study (110098/2015). All
patients, who underwent any medical or surgical
intervention, signed an informed consent. Patients with
HTN or DM or those, who used chloroquine chronically,
at the primary care units were referred to the study
center for ocular examinations, which were conducted by
non-medical health professionals, previously trained to
obtain ocular images. The pupils were dilated with 1%
tropicamide and images of each eye were obtained using
a retina fundus camera (Canon CR2, Tokyo, Japan),
according to a validated protocol that focused on the
anterior segment, the macula, and the optic nerve [6].
Cataracts, classified as mild, moderate, or severe, were
assessed by the ability to visualize third-, second-, and
first-order retinal vessels. Patients were referred for
possible cataract surgery when the lens opacification was
moderate or severe (Fig 1).

Figure 1: Images of predefined Fields of Examinations (A, C, B) and Degrees of Cataractous Opacification (A, B)

A, An anterior Segment Image with a Cataract; B, The Fundus of a Patient with a Mild Cataract with limited Observation of the Third-Order Vessels; C, A
Normal Fundus with the Macula at the Center; D, An Image of the Fundus with the Optic Nerve to the Center.
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Diabetic Retinopathy (DR) was categorized using the
Scottish Diabetic Retinopathy screening program and
adapted to the Brazilian system by Malerbi et al., where
non-proliferative retinopathy is categorized as mild,
moderate, or severe non-proliferative, based on the
number of red dots, i.e., microaneurysms and intra-
retinal hemorrhages [6, 7]. Mild DR was defined as the
presence of up to three red dots on one image, moderate
as four or more hemorrhages in one hemi-field, and
severe as four or more red spots in both hemi-fields or
intraretinal microvascular abnormalities in one quadrant
and no signs of proliferation. Proliferative DR (PDR) was
defined by the presence of retinal neovascularization or a
vitreous or pre-retinal hemorrhage. Patients with severe
Non-Proliferative or Proliferative Retinopathy
(NPDR/PDR) were referred for laser photocoagulation.
Retinopathy resulting from chloroquine use was
evaluated according to the American Academy of
Ophthalmology protocol, published by Marmor et al.,
which describes the presence of macular pigmentary
molting with focal hypopigmentation [8]. The images
were sent through a Picture Archiving and
Communication System (MediViewWeb, Rio de Janeiro,

Brazil), by a Digital Imaging and Communications in
Medicine protocol via the Internet, to a reading center at
the Vision Institute for evaluation, by an expert
ophthalmologist. The results and therapeutic guidance
were sent to the basic health unit of the patient via the
Web. This research studied patients from January 2013
to December 2014. Underlying systemic disease, gender,
age, ophthalmologic diagnosis, and the suggested
approach were registered and analyzed statistically.

RESULTS

A total of 9173 patients underwent an ophthalmologic
examination, of whom 570 (6.2%) were excluded
because of poor image quality or the absence of the
diseases under study, leaving 8603 patients (mean age,
60.2 years + 10 years) in this study (Fig 2).

In this group, 4933 (57.3%) patients had DM, 7242
(84.2%) had HTN, and 113 (1.3%) used chloroquine.
Overall, 1248 (14.5%) patients only had DM, 3685
(42.8%) had both DM and HTN, and 3557 (41.3%) only
had HTN (Table 1).

9173

Total Exams

570 (6.2%)

Excluded

8603 (93.8%)

Included

989 (11.5%)

Complementary
Treatment
(Clinical or

Surgical)

7614 (88.5%)

Routine

Examination

Figure 2: Flowchart of the Studied Population
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Table 1: Patient Characteristics

Diabetes

Diabetes/systemic hypertension
Systemic hypertension

Use of chloroquine

Total

Table 2: Specific Procedures following ophthalmologic consultation

None

Cataract surgery
Photocoagulation
Vitrectomy
Others

Total

After analyzing the fundus images, 989 (11.5%) patients
(mean age of 70.3 + 11.1 years) were referred for
ophthalmologic consultation; of these, 692 (8%) patients
were referred for cataract surgery, 245 (2.8%) for retinal
photocoagulation, 25 (0.3%) for vitrectomy, and 27
(0.3%) for other treatments (Table 2).

Of the 113 (1.3%) patients taking chloroquine, four
(3.5%) had macular lesions associated with chloroquine
toxicity. Of the 245 patients referred for
photocoagulation, 220 (89.8%) patients had diabetes, of
whom 1.4% had diabetic maculopathy, 24.1% PDR, and
74.5% maculopathy and PDR (Table 3).

Considering only the patients with DM (4933), 220 (4.5%)
needed photocoagulation for treatment of the
retinopathy.

Table 3: Diabetic Patients indicated for Laser Photocoagulation

Retinopathy type Number (%) ‘
Only diabetic retinopathy 53 (24.1)
Diabetic maculopathy 3(1.4)
Diabetic retinopathy and diabetic 164 (74.5)
maculopathy

Total 220 (100)
DISCUSSION

This study found that more than half (62%) of the
patients, who needed treatment were females, which
was similar to other prevalence studies from Sdo Paulo
[9]. The results showed a reliable correlation in
asynchronous telemedicine methods with the gold
standard for many eye diseases [10]. Pereira et al.

Total patients, Number (%)

Number %
1,248 14.5
3,685 42.8
3,557 41.3

113 1.3
8603 100

Total referred, Number (%)

7,614 (88.5) -(-)

692 (8.0) 692 (70.0)
245 (2.8) 245 (24.8)
25 (0.3) 25 (2.5)
27 (0.3) 27 (2.7)
8,603 (100) 989 (100)
reported that during their career, 86% of the

interviewees needed ophthalmologic care, and about
two million (19%) of these individuals could not receive
care [3]. Telemedicine can help minimize the great
unmet demand in patient care that requires
ophthalmologic evaluation for chronic conditions,
especially when the distance to an ophthalmologist can
be a significant obstacle to satisfactory diagnosis and
treatment [11]. In the current study, 88.5% of patients
required only ophthalmologic diagnostic support and
none needed specific eye care, indicating that the waiting
list for ophthalmologic appointments can be shortened.
Similar data were found by de Mul et al., who showed in
their study that only 11% of patients were contacted for
consultation with an ophthalmologist [12]. In total, 6.2%
of patients were excluded from the study, mainly
because of poor image quality. In the study performed by
Gonzalez et al., the losses were 13% and in the study of
Pareja-Rios et al., initially, losses were 15%, decreasing to
7% at the end of the study, which can be explained by
the increase in experience for performing the
examination [13, 14]. Hypertensive retinopathy can
remain asymptomatic for years, before presenting a
more intense vascular event [15]. Complications are
related to vascular injury, and in the retina, in vivo
changes can be observed without invasive testing [16].
The prevalence of DM continues to grow globally, and DR
is the leading cause of legal blindness in industrialized
countries amongst patients between the age of 20 and
74 years old [17]. Studies conducted in S3o Paulo have
shown that the retinal manifestations were the major
causes of blindness in adults, and DR was the most
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frequent cause of blindness among patients referred to
tertiary level care [18, 19]. Furthermore, DR is the most
common complication of DM and has an established
relationship with cardiovascular risk factors, such as HTN
and renal failure [20]. Delayed access to diagnosis
worsens ocular health, resulting in greater level of
blindness and higher treatment costs. Diabetic
Retinopathy is a progressive disease, in which the best
results are obtained with early treatment [21].

Of the 989 patients, who needed additional assessment,
cataract was the most prevalent in 692 (70.0%) patients.
Studies have shown that cataract is an important cause
of blindness, and this is also true in patients with DM
[22]. The surgical indication rate of the current study was
8%. Thus, the findings are higher than the 2.5% rate of
cataract surgeries in the general population, reported by
Carlos et al. and similar to the 7.9%, reported in the Sado
Paulo eye study [19, 23]. Retinal photocoagulation was
indicated in 245 (24.8%) patients. When only patients
with DM were considered, this number increased to 4.5%
of the total sample. Unlike cataract surgery, which is
independent of time regarding its success, laser
treatment is a preventive therapy, in which the indication
depends on the disease stage and timely treatment to
obtain better results [24, 25].

The current research identified four (3.5%) chloroquine
users with retinal injuries resulting from drugs. This
medication is widely used to treat rheumatic diseases,
and this group of patients usually have no access to
proper eye examinations. Tests, such as visual perimetry
and optical coherence tomography can identify changes
in the early stages and are more efficient, however, these
exams are not widely available in the Brazilian public
health system while retinography is still used as a viable
alternative [8].

CONCLUSION

The current study showed that non-medical professionals
can produce good-quality ocular images for screening.
Most patients referred for ophthalmologic examinations
for fundus examinations did not need a specific
treatment, indicating that this system could be a viable
tool in countries, such as Brazil, in which healthcare
assistance remains a challenge because of the size of the
country and the dearth of doctors in certain areas.
Further investigations should be conducted to better
evaluate the full cost-effectiveness of this technology.
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