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Introducing Educator’s Toolkit,
a Teaching Resource for Optometric Faculty
Keshia S. Elder, OD, MS, MS, FAAO | Optometric Education: Volume 46 Number 3 (Summer 2021)
PDF of Article
As optometric educators, we are not necessarily trained as teachers. Rather, we are subject
matter experts who are expected to effectively teach. As most of us know, this is challenging. We
tend to focus on maintaining our clinical competencies, which leaves less time to spend advancing
our instructional competencies. Although I am formally trained in secondary education, in my 14
years in optometric education I have often found myself wondering what I can do to improve my
teaching effectiveness.
To help all of us fulfill our dual responsibility to be doctors and teachers, Optometric Education is
launching a new feature called “Educator’s Toolkit.” To achieve our essential learning outcomes,
we must have knowledge of sound teaching theories and methods. Sometimes the hardest part of
acquiring and implementing such knowledge is just getting started. This is where Educator’s
Toolkit comes in. It is meant to serve as an information and resources hub. Educators can use it to
stay abreast of current trends in higher education pedagogy and to access ideas and useful tools
Keshia S. Elder, OD, MS, MS,
that can be applied to optometric teaching.
FAAO

We begin Educator’s Toolkit in this issue of the journal by exploring principles and techniques for
eLearning, a topic, which, thanks to COVID-19, is more relevant than ever.
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Call for Papers for Theme Edition:
Diversity and Cultural Competency in Optometry
| Optometric Education: Volume 46 Number 3 (Summer 2021)
PDF of Article
The population continues to become more diverse, and optometry must be able to meet the cultural, ethnic, racial, gender and
linguistic needs of patients.
Optometric Education is inviting authors to submit scholarly papers addressing related themes such as diversity, cultural
competency, gender issues and cultural awareness.
The deadline to submit papers for this theme edition is Sept. 1, 2021
For more information, e-mail journal Associate Editor Keshia S. Elder, OD, MS, MS, FAAO, or journal Editor Aurora Denial, OD,
FAAO, DipOE.
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The Four-Year Optometric Education Program:
Something’s Got to Give
Aurora Denial, OD, FAAO, DipOE | Optometric Education: Volume 46 Number 3 (Summer 2021)
PDF of Article
Optometric scope of practice has evolved significantly in the past 46 years. Originally
limited to refractive and binocular conditions,1 the scope expanded by the mid-1970s
(when the first four states had granted optometrists the authority to use diagnostic
drugs2) and broadened again with the addition of prescribing privileges for therapeutic
drugs. Today, optometrists are primary eyecare professionals1 with significant
responsibilities in diagnosis and treatment of many ocular conditions and diagnosis of
some systemic diseases as well as timely referrals, follow-up care and patient education.
In 2021, scope of practice includes topical treatment of glaucoma in all 50 states, use of
oral steroids in 39 states, use of lasers to treat ocular conditions in eight states, and use
of injectables in 20 states.3
The seismic changes in the scope of optometric practice have been accompanied by
additional obligations to practice evidence-based medicine and continuously acquire
new knowledge about diseases and diagnostic and treatment technologies. Despite this
staggering amount of new information and increased responsibility, the education of
optometrists has remained a four-year postgraduate program. Is this sustainable given
that scope of practice will continue to expand and new information and technology will
continue to emerge? How can we achieve in four years the goal of a high-quality,
Aurora Denial, OD, FAAO, DipOE
relevant education that is not mentally overloading for students?
The Solution May Lie in Letting Go
To effectively prepare future optometrists via the current four-year postgraduate program, educators will have to let go.
Perhaps we start with eliminating some course material. Is there any course material that could be taught before entry into
optometry school, for example in undergraduate courses (prerequisites) or a brief virtual summer curriculum completed
independently before matriculation?
We must also acknowledge that the optometrist’s role has evolved from primarily gathering data to primarily exercising
analytical skills. Should we let go of teaching some data-gathering technical skills and focus on critical-thinking and analytical
skills? Do we need to teach binocular indirect ophthalmoscopy if a widefield scanning laser ophthalmoscope is available?
Students may be better served by faculty teaching the skills involved with interpreting the images. In didactic teaching, a shift
away from specific information and toward key concepts may be helpful. Key concepts provide a broader understanding of
material, which can then be applied to different scenarios.
Students may need to play a role, too. They may need to change their perceptions and expectations of optometric education.
The current expectation is that the curriculum and faculty will provide all the information necessary for success in practice.
This sets up a passive system of learning in which students receive and internalize the instructor’s knowledge. Instead,
optometric education should provide students with the skills, tools and knowledge they need for lifelong independent learning.
This would require students to assume responsibility for their learning and take charge of learning in an active manner. It
would free up time in the curriculum and give students the skills needed in the real world.
Change is Difficult; Collaboration Can Help
The response to optometry’s challenge of how to provide a relevant education in a reasonable amount of time is not
straightforward. The idea of not teaching skills that have been the foundation and identity of our profession for years is
mindboggling. Lecturing and not providing every bit of information on a particular subject is scary. All healthcare professions
are facing these issues. Therefore, we should collaborate with them to develop evidence-based solutions. We should also strive
to conduct well-designed studies to contribute to the literature to help guide all educators.
References
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Principles, Techniques and Tools that Promote
Successful eLearning
Keshia S. Elder, OD, MS, MS, FAAO | Optometric Education: Volume 46 Number 3 (Summer 2021)
PDF of Article
During the COVID-19 pandemic, eLearning ― learning that occurs through electronic means ―
increased exponentially. Many optometric educators found themselves teaching online classes for the
first time in their careers. We were thrust into learning new instructional delivery techniques and new
technologies in a very short time. We experimented with learning management systems and figured
out how to use electronic teaching aids that we had not found time to learn in the past. Now that we
have cleared the initial hurdles of adapting to modified teaching platforms, we can focus on
maximizing their effectiveness as teaching tools so our students are successful eLearners.
First Things First

Keshia S. Elder, OD, MS,
MS, FAAO

Compared with traditional instruction, eLearning has many
advantages. It is customizable and more broadly accessible. It is selfpaced for students, and both they and their teachers can benefit from
learning analytics. However, an eLearning course must do more than
look good. It must be effective.

When considering the design of an eLearning course, one must answer several foundational
questions. For example, it is important to consider your audience and the learning goals,
which will inform the delivery system. The Learning Rooms recommends five questions to ask
yourself when developing an eLearning course (Figure 1).
Incorporation of eLearning Principles
Design and delivery of effective eLearning encompass a variety of strategies, including the
application of eLearning principles, such as those developed by Mayer (Table 1). According to
Mayer’s Cognitive Theory of Multimedia Learning (eLearning is a form of multimedia
learning), there are dual channels (auditory and visual) for processing words and pictures, and
people have a limited capacity to actively process the information in the channels.1 Application
of eLearning principles reduces the cognitive load, which frees the working memory to be
used for learning and helps to ensure the instruction aligns with cognitive learning processes.
Figure 1.Click to enlarge

I wonder how many optometric educators are familiar with eLearning principles, such as the
redundancy principle, the coherence principle or behavioral vs. psychological engagement?
Based on your teaching experience, how would you respond to the following questions?
●

●

●

Do you believe adding elements such as pictures, graphics, sounds or music to a lesson to make the presentation “pop”
engages students and facilitates learning? I would have responded yes. In fact, as Harp and Mayer found, extraneous pictures
can interfere with learning.2
Do you think students learn principles more effectively by playing a game in which they apply the principles or by using a
slide presentation? My guess would have been a game, but in a study by Adams et al., students who learned with games
performed worse than students who learned with slideshows on several parameters, including retention and post-test scores.3
Interestingly, this finding aligns with the idea that psychological engagement and not behavioral engagement is the driver of
cognitive learning.1
In a narrated animation, do you think having the narrated text on-screen simultaneously reinforces what students are
learning? Again, I would have said yes. However, several researchers, including Austin4 and Moreno and Mayer,5 found that
students performed better when they did not have on-screen text to accompany the narrated animation.

Andrew DeBell, a training consultant with Water Bear Learning, has written an informative and well-illustrated article on how
to apply Mayer’s 12 Principles of Multimedia Learning. Other experts in eLearning have also created helpful resources,
including websites and podcasts, for faculty (Table 2).
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Table 1.Click to enlarge
Table 2.Click to enlarge

eLearning Authoring Tools
For help creating eLearning courses, educators can use an eLearning authoring tool. An eLearning authoring tool is software
used for developing digital content. A variety of authoring tools, which are cloud-based or desktop-based and different in
complexity and price, are available. They range from something as simple as the ability to add hotspots to an image (click an
area on an image and an action happens), to stand-alone course authoring software, to a learning management system with
built-in authoring software. Many eLearning authoring tools, including these, offer a free trial:
Adobe Captivate
●
●
●

Desktop-based course authoring software
30-day free trial available
Student and teacher price: approximately $400 one-time fee or $34/month subscription

Articulate 360
●
●
●
●

Family of eLearning course authoring tools that includes desktop and web-based applications
Includes Storyline 360 and Rise 360
60-day free trial available
Academic price: approximately $500/year/user on a personal plan; $650/year/user on a team plan

Gomo
●
●
●

Cloud-based eLearning software
21-day free trial available
Pricing: approximately $1,000/year/user; $3000/year for a team up to four

Adapt
●
●

Open-source web-based course authoring tool
Price: free

Camtasia
●
●
●
●

Screen capture and video editing software suite
Used in conjunction with eLearning authoring software
30-day free trial available
Education pricing: approximately $170 one-time fee

The Cardinal Rule
While an array of technologies can be incorporated into eLearning courses and used in creating them, it’s important to
remember they are the means, not the end. If not used properly, technology does not support learning. The key to successful
eLearning and teaching, as Krippel et al. state in their paper “Multimedia use in Higher Education: Promises and Pitfalls,” is
6

that pedagogy must drive education technology, not the other way around.6 It is vital to understand and implement this concept
as we continue to explore instructional approaches for online settings.
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Student Award in Clinical Ethics: 2021 Winning Essay
Explores Potentially Thorny Issue
| Optometric Education: Volume 46 Number 3 (Summer 2021)
PDF of Article
ASCO and its Ethics Educators Special Interest Group are pleased to announce Tam Tran, OD, as
the winner of the 2021 Student Award in Clinical Ethics. Dr. Tran graduated this year from Illinois
College of Optometry and plans to make binocular vision a focus of his career. His winning essay,
“The Ethical Muddle of Sick Notes: Can We Do Better?” appears below.
The Student Award in Clinical Ethics competition,
sponsored by Alcon, is open to optometry students
during any point in their professional program at an
ASCO-affiliated school or college of optometry. The
winner receives an engraved plaque and $1,000.

Tam Tran, OD

ASCO thanks all students who submitted essays this year.

**********************************************************************************************************************

The Ethical Muddle of Sick Notes: Can We Do Better?
By Tam Tran, OD
To utilize the benefit of paid leave or be absent from school for a health reason, employees and students are often required to
present a “sick note” from a doctor. It is not uncommon for patients to ask their optometrists to provide such a note. Many
requests for sick notes are clinically legitimate, but they can be misused, too. For example, patients could withhold information
to prolong diagnosis or treatment. In many cases, the issue is not a perplexing medical decision, but rather an immoderate
demand. Thereby, optometrists can find themselves in a quandary: grant the request for a note to “proactively serve the needs
of the patient,” as stated in the American Optometric Association (AOA) Standards of Professional Conduct,1 or deny the
request based on clinical judgment? Furthermore, should doctors alone carry the responsibility of deciding whether a patient
should stay home or return to work or school?

Case Description
JM, a 52-year-old law enforcement officer, presented for severe dry eye OU. He reported eye irritation, photophobia, foreign
body sensation, tearing and blurry vision. His best-corrected visual acuity was 20/30 OU. Slit lamp examination showed 3+
superficial punctate keratitis (SPK) OU. JM was counseled to use preservative-free artificial tears, omega-3 fatty acid
supplements and warm compresses. He asked for and received a sick note due to being sensitive to light, which prohibited him
from driving on duty.
During the follow-up visit one week later, JM said he had been complying with the treatment recommendations, but his
condition was unchanged. Tobramycin/dexamethasone eye drops (Tobradex) were added to the treatment regimen. JM
requested and received another sick note for sick leave.
During the second-week follow-up appointment, JM reported an improvement in his eye condition, but said he was still
experiencing mild-to-moderate discomfort and photophobia. He was advised to use supportive therapies such as sunglasses
and artificial tears for symptom relief while on duty. JM said he felt unsafe to drive and persisted in asking for another sick
note, which was provided.
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During the third-week follow-up, JM’s condition was further improved. Slit lamp examination showed 1-2+ SPK OU and his
best-corrected visual acuity was 20/20-2 OU. The attending optometrist cleared him for work. JM, however, insisted that he felt
unsafe to drive and wanted another sick note.

Discussion
At this point, JM had taken three weeks off from work on sick leave. Based on clinical examination, his eye condition had
improved enough to allow him to resume working. Yet, he still felt unsafe to drive on duty. As previously noted, optometrists
have a duty to proactively serve the needs of their patients; however, they also have an obligation “to conduct themselves with
integrity.”1 This requires us to walk a fine line between advocating for patients’ best interests and being truthful in sick notes
for patients’ work or school. Was JM’s unease caused by an unknown ailment, or was he taking advantage of his employer’s
sick leave policy? Given that no further eye abnormality was observed, additional examination or referral might have only put
an unnecessary financial burden on the patient. On the other hand, blatantly accusing him of sick leave abuse would be
premature and damaging to the optometrist-patient relationship. With no evidence either way, is it ethical to continue granting
JM sick notes as he continues to report eye discomfort?
The ethics argument hinges on the choice between giving patients what they want or offering what they and society need. To
tackle this dilemma, we need to uncover its root cause. It has become standard practice for society to demand medical
documentation for sick leave. In regard to vision problems, optometrists have become an authority for providing such
documentation, for example, on school forms and sick notes. However, because we also have an ethical obligation to act in the
best interest of patients, we are put in the odd position of impartial arbiters between patients and their work or school. So far,
except for driving restrictions and legal blindness, which are governed by laws, deciding for society who is “worthy” of what
vision-related excuses is solely at optometrists’ discretion. Such a situation is destined for trouble.
In fact, this demand for optometrists to “certify” everything eye-related has created a huge burden on both optometrists and
patients. As defined in the AOA’s Code of Ethics, it shall be the duty of all optometrists “to conduct themselves as exemplary
citizens and professionals with honesty, integrity, fairness, kindness, and compassion,”2 so whatever we write in the note is
deemed truthful and accurate by the public. But what if we are not given the whole story? It swings the door wide open for sick
leave abuse. As to patients, the policy of mandatory doctor’s notes for sick days adds little to patients’ well-being. They should
make their own decisions on whether and when their illness requires medical attention. Unfortunately, the fear of losing jobs
forces patients to either continue working instead of resting, or to pay extra money for a clinic visit merely to get a sick note.
To address this dilemma, society, not doctors, should decide conditions for coping with short-term illness. Ideally, society
would push workplaces to provide paid sick leave without the need for a sick note. Currently, no U.S. federal law mandates
companies to provide paid sick leave.3 As of this year, only 13 states and Washington, DC, have enacted laws requiring paid
sick leave.4 Studies have shown that paid sick leave is cost-effective because it reduces employee turnover and also reduces the
risk of exposing the public to infectious diseases, especially in a pandemic like COVID-19.5,6 Patients with paid sick days have
the autonomy to decide how to spend their health benefit and when a visit to the optometrist is necessary. Reducing the
number of office visits scheduled only to request a sick note would better allocate optometrists’ resources to serving patients
who are truly in need of care.
This is not to argue that the doctor’s note should be abolished altogether. On the contrary, optometrists can play an essential
role in supporting informed decision-making by workplaces and schools. In place of sick notes, a better alternative may be “fit
notes,” which England has been using since 2010.7 Such notes focus on what patients are capable of doing at work based on
clinical examination and let the workplace decide what to do.
Moreover, optometrists need to educate patients through effective communication. According to the AOA’s Standards of
Professional Conduct, “telling the truth is a necessary component of a trusting optometrist-patient relationship.”1 When facing
unreasonable demands from patients, optometrists should educate patients about the difference between facts and feelings, as
well as the limitation of optometry in decision-making for social dependencies. Patients need to understand that a reasonable
request for a sick note is when optometrists need not create “sickness” for patients where there are just conflicting opinions.

Case Resolution
It was not irrational for JM to be concerned about going back to work. His police work entailed extended outdoor activities
(e.g., driving vehicles and directing traffic). Dry eye symptoms such as photophobia could increase the risk of accidents. In
fact, per the Law Enforcement Officer Motor Vehicle Safety Report, motor vehicle-related incidents are a leading cause of lineof-duty deaths for law enforcement officers in the United States,8 most of which occurred during daylight, in clear weather, and
at speeds lower than 50 mph.9 Nevertheless, JM’s dry eye had significantly improved and was deemed to be of minimal
9

interference to his job and low risk for driving. Per the AOA Standards of Professional Conduct, “When optometrists provide
expert testimony within a judicial or administrative action, the testimony should be balanced, fair, and truthful based on
scientific and clinical knowledge.”1 Given the ethical obligations in this case, it would have been inappropriate to continue
advocating for JM’s sick leave.
Because the sick leave policy at JM’s workplace cannot waive a sick note, we decided to take the fit-note approach and let his
employer decide how to accommodate him on duty. Following the Standards of Professional Conduct that optometrists have
the duty “to treat patients without prejudice,” and “to involve the patient in care and treatment decisions in a meaningful way,
with due consideration of patient’s needs, desires, abilities and understanding,”1 we listened to JM’s concerns and educated
and reassured him on his readiness to work. We involved JM in determining what he could do and could not do. For the interest
of public safety, JM was encouraged to start office work with no vehicle use in the near term. He was also instructed to
continue using artificial tears and warm compresses and scheduled for a follow-up visit. A fit note was provided to advise his
workplace to excuse JM from operating vehicles and to allow him to perform indoor office tasks.

Conclusion
The requirement for a doctor’s note to take sick leave has many negative social implications. Because optometrists are
ethically obligated to serve in patients’ best interests, positioning optometrists as objective authorities often leads to ethical
dilemmas. Our society needs to legislate and expand paid sick leave without the need of a sick note, which affords patients the
autonomy of seeking truly needed medical attention and improves their overall well-being. Optometrists ought to serve as
advisors, not judges, to guide workplaces to make informed decisions on how to support employees during and after sickness.
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Background
The determination of needs in the eyecare workforce of a nation is critical for the education, training and allocation of
optometrists, ophthalmologists and other ophthalmic personnel. Given the multiple interacting variables, it is often challenging
to predict these needs.1-2 The Dominican Republic is a country in the Caribbean region with a population of approximately 11
million people.3 The prevalence of blindness in the 50 and older age group in the Dominican Republic is 2.1%.4 A recent study
in a clinical population in Pedernales, a Dominican town at the border with Haiti, found an overall presenting prevalence of
visual impairment of 48.2%, which was reduced to 15.8% after refractive correction. Among the patients 50 years and older,
the presenting visual impairment was 60.2%, the highest reported in Latin America. The prevalence of impairment was
reduced to 23.8% with eyeglasses, indicating the need for optometric care.5-6
In the Dominican Republic, as in the United States, ophthalmologists are medical doctors with additional residency training in
ophthalmology. They may perform refractions, diagnose and manage ocular disease, and perform ocular surgeries. In 2019, the
Dominican Republic had 350 practicing ophthalmologists.7-8 Medical education is regulated and accredited by the Ministry of
Higher Education, Science and Technology (MESCyT), and medical practice is regulated by the Colegio Medico Dominicano
(Dominican Medical Association).9-10
The practice of optometry in the Dominican Republic is not regulated or supervised as a health profession by any government
agency. Optometric practitioners pay taxes on the sale of eyeglasses and contact lenses as businesses. There are approximately
500 optometric practitioners in the nation.11 In the absence of professional optometric regulation, those without any formal
optometric training are the majority of practitioners (empiricists) who perform autorefraction and dispense eyeglasses. This
group has only a high school education. A second group of optometric practitioners (approximately 20) received limited
technical training after high school (one to two years), previously at the Armando Espaillat Cabral Institute and most recently
at the Universidad de la Tercera Edad. They perform refractions (retinoscopy and subjective) and dispense eyeglasses and
contact lenses. A third group ― composed of only four university-trained practitioners ― received professional optometric
degrees (four to five years university education) outside the Dominican Republic and perform refractions and external and
internal eye examinations.a Since 2019, optometric education is accredited by the MESCyT.12
The Dominican Optometric Association (ASODOP), founded in 1991, is an organization that represents about 300 optometric
practitioners.11 ASODOP holds annual meetings with educational programs for its members. In 2012, the association promoted
an agreement between Inter American University of Puerto Rico School of Optometry (IAUPR) and the Autonomous University
of Santo Domingo (UASD) to establish a professional optometry program. UASD canceled the agreement in 2016 before the
opening of the program. In 2018, ASODOP supported a new agreement between IAUPR and the Technological University of
Santiago (UTESA), which led to establishing and opening the first professional optometry program.13
UTESA, founded in 1976, is the largest private university in the Dominican Republic. Its mission is to offer non-denominational
higher education to students of disadvantaged economic and social backgrounds. It has eight campuses across six cities in the
Dominican Republic. It offers professional degrees in the health sciences (medicine, dentistry, pharmacy, optometry,
psychology, veterinary medicine, nursing), engineering, law, education, economics and business administration. The
professional Bachelor of Optometry program (Licenciatura) opened in September 2019 at two UTESA campuses in the capital
city of Santo Domingo. This four-year optometric curriculum has 185 credit hours, including 2,135 lecture hours and 1,440 lab
hours (including patient care).13
System dynamics modeling has been used to forecast workforce needs in medicine, dentistry, pharmacy and social care in
England, nursing in Korea and dentistry in the United States.14-16 System dynamics has also been used to develop scientific,
social, business and political models.17 More recently, it has been applied to public health planning.18–19 In education, it is a
useful tool to promote deeper learning and critical-thinking skills among students.20
Saraji and Sharifabadi reviewed 28 studies on the effectiveness of system dynamics models in forecasting specific outcomes.
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The studies included predictions on the demand for air travel, water, urban transportation, housing and petroleum. They also
involved predictions of the housing supply, fuel and coal prices, and sales of cars. They found that system dynamics models can
make accurate predictions compared to actual outcomes (less than 5% error) or more reliable forecasts than alternate methods
such as multiple linear regression, exponential smoothing or artificial neural networks.21-26
General systems thinking postulates that a deeper understanding of systems can be obtained by examining patterns of
behavior over time. These behaviors result from the interaction among many variables through feedback loops. Deep inside
these patterns are structures and mental models of an organization. System dynamics involves simulation models using general
systems theory to explore the inter-relationship among variables to produce outcomes of interest. Instead of a single snapshot,
the models allow exploration of how outcomes change over time.
The present study explores the use of system dynamics to model the eyecare workforce needs in a developing country after
opening its first professional optometry university program.
Methods
A system dynamics simulation model was developed using the software Vensim PLE 7.3.5 (Ventana Systems Inc.).27,b Vensim is
available as a free version and an upgraded paid version. There are more than 50 free tutorials available on YouTube and the
company’s website. Vensim was developed in 1985 for large business simulation. Its functionality expanded through time with
Windows and Macintosh versions and a free personal learning edition (PLE) for educational use.28 Vensim models have been
successfully applied in the pharmaceutical, financial, energy, environmental, aerospace and health scenarios.29-32

Figure 1. A simple system dynamics simulation model for population changes using stocks, flows and feedback loops. Rectangles
represent stocks. Flows are represented by pipes, flow regulators and spigots.
Click to enlarge

Figure 2. The optometric workforce of Dominican Republic model using Vensim modeling software. Rectangles represent stocks. Flows
are represented by pipes, flow regulators and spigots. Click to enlarge

System dynamics models in Vensim are based on three elements: stocks, flows and feedback loops. Stocks are variables that
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accumulate over time, such as “population” in Figure 1. Flows can increase or decrease stocks, as in the case of “population
growth” (which increases “population”) and “population decay” (which decreases “population”) in Figure 1. Feedback loops
can be reinforcing (promoting growth or decay) or balancing (promoting the achievement of the desired state).
The model is based on the initial values, rate of change and factors that affect the stocks. For example, in our optometric
workforce model (Figure 2), the stock “total optometric practitioners” has an initial value of 500, and it is affected by the
stock “university graduates” and “non-university practitioners.” The initial 500 practitioners include approximately 476 without
formal optometric training, 20 with some technical training, and four with foreign university-level optometric degrees. The
total number of optometric practitioners present in the Dominican Republic was acquired from the Board of the Dominican
Optometric Association.9 “University graduates” has an initial value of 0, and changes by the “student acquisition rate” (60 per
year) and the university “retention rate” (80%). UTESA provided data about the admitted students per year and the new
university optometry program’s expected retention rates.13 The “non-university practitioners” has an initial value of 496 and
changes by the rate “fraction leaving.” Finally, the “university graduates per million” variable is based on the “university
graduates” and the Dominican “population in millions.” The Dominican “population in millions” is based on the “birth rate” and
“mortality rate.” Demographic information (population, birth and mortality rates) for the Dominican Republic was obtained
from the Dominican Republic Census.3 The ratio of 100 optometrists per million of optometrists (1 per 10,000 population) in
developed countries such as the United States was used as a standard for comparison.33
The total predicted number of ophthalmologists per million over time was based on the current number of practicing
ophthalmologists, the number of new ophthalmologists, their annual attrition rate per year, and the population of the
Dominican Republic. The current number of practicing ophthalmologists was obtained from the website of the Dominican
Society of Ophthalmology.7 The number of new ophthalmologists per year was supplied by the Institute Against Blindness due
to Glaucoma.8 The criteria for the recommended minimum number of ophthalmologists per million in Latin America was based
on Hong et al.34
Model assumptions
Based on the sources listed, the following model assumptions were used:
●

●

●
●
●
●

500 optometric practitioners in 2019, including 476 without any formal training (empiricists), 20 with limited technical
training, and four with university optometric degrees from outside the Dominican Republic
A decrease in the number of practitioners without university training once the university program is initiated (This
assumption is based on the availability of trained optometrists to substitute the empiricists and the approval of a law
prohibiting optometry practice without professional education.) The model explores annual attrition rates of 0%, 5%, 10%
and 20%
60 optometry students per year in the bachelor’s program of optometry
80% retention rate at the school of optometry
350 ophthalmologists in practice in 2019
18 new ophthalmologists per year

Two independent models were run. The first was a simulation of the optometric workforce (Figure 2), and the second was a
simulation of the ophthalmologic workforce (Figure 3).
Results
Figure 4 shows the total predicted number of optometric practitioners per million population for 60 years after opening the
UTESA professional optometry program. The curves show how the ratio changes as the non-university practitioners (mostly
empiricists) decrease by 0%, 5%, 10% and 20% annually. A ratio of 100 practitioners per million (1 per 10,000 population) will
occur in 15 years with no attrition (0%) of empiricists. This ratio will occur in 24 years if the empiricists’ annual attrition rate is
5% and in approximately 27 years if it is 10% or more. A short-term decline in the ratio lasting no more than five years will
occur if the attrition rate is greater than or equal to 10%. After 60 years, the number of optometric practitioners will stabilize
to approximately 160 per million (1 per 6,250 population) if there is no attrition of empiricists. After 60 years, it will stabilize to
about 140 optometrists per million (1 per 7,000 population) if the attrition rate is 5% or more.
Figure 5 shows the predicted number of ophthalmologists per million population for the 60 years after the UTESA optometry
program’s opening. The curves show how this ratio changes as the number of ophthalmologists decreases (attrition rates) by
0%, 1% and 2% annually. Under all conditions, the starting point is the current (2019) ratio in the Dominican Republic of 32.5
ophthalmologists per million. If there is no attrition of ophthalmologists (0%), the ratio will maximize at 46.2 ophthalmologists
per million after 31 years. With a 1% attrition rate, the ratio will be a maximum of 38.7 ophthalmologists per million after 20
years. With a 2% attrition rate, the ratio will maximize at 34.5 ophthalmologists per million after 11 years.
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Figure 3. The ophthalmologic workforce model
of the Dominican Republic using Vensim
modeling software. Rectangles represent stocks.
Flows are represented by pipes, flow regulators
and spigots.
Click to enlarge

Figure 4. Ratio of optometric practitioners per
million (university-educated and non-universit-educated optometrists) in the Dominican
Republic during a period of 60 years. Year 0
represents the year when the university
optometry program was initiated (2019). The
curves represent annual attrition rates of nonuniversity-trained optometrists of 0%, 5%, 10%
and 20%.
Click to enlarge

Figure 5. Ratio of ophthalmologists per million
in the Dominican Republic during a period of 60
years. Year 0 represents the year when the
university optometry program was initiated
(2019). The curves represent annual attrition
rates of ophthalmologists of 0%, 1% and 2%.
Click to enlarge

Discussion
The system dynamics simulation shows that if non-university-trained practitioners (mostly empiricists) can practice without
restriction (0% attrition) along with university-educated optometrists, the number of optometrists per million population will
achieve the United States’ ratio in only 15 years. This scenario will create an oversupply of practitioners that may decrease the
demand for university-educated optometrists. The public may not be able to differentiate between empiricists and trained
optometrists to the detriment of primary eyecare quality. This was the experience of countries like Mexico, where the practice
of the profession was unregulated until 2014.35
One important recommendation for the Dominican Optometric Association derived from the simulation is the promotion of
legislation to prohibit optometry practice without a professional degree. The model indicates that such a law should be
implemented to ensure an attrition rate of 5% or more annually among non-university-trained practitioners. The model predicts
a ratio of one optometrist per 7,000 population after approximately 60 years with an attrition rate of non-university-trained
practitioners of 5% or more. This ratio will create an eventual saturation that may decrease the number of applicants to the
professional program or promote optometrists’ migration to neighboring countries. UTESA should monitor the workforce needs
in the coming years and adjust its admission policies to avoid this possible scenario.
Based on the available clinical data, the leading cause of visual impairment in the Dominican Republic is uncorrected refractive
error.5 The UTESA program must prepare its students to provide excellent refractive and functional care. The leading causes of
blindness are cataracts, glaucoma and diabetic retinopathy.4 UTESA must also prepare students for the diagnosis, treatment
and management of primary ocular disease to serve the Dominican population’s needs. In Colombia, an optometric therapeutic
law was approved in 1997 before the country’s optometry schools adequately prepared their students.36 Legal challenges to the
law required all schools to implement significant curricular changes to prepare optometrists for the expanded new role. Today,
optometry is recognized by the Colombian Ministry of Health in the national eyecare programs.37 The Colombian experience
indicates that UTESA should develop, as early as possible, a broad curriculum to justify therapeutic privileges for the
profession. A follow-up study should address the UTESA professional program’s effectiveness in addressing the Dominican
Republic population’s eyecare needs.
The current (2019) ratio of ophthalmologists per million population in the Dominican Republic is 32.5. This ratio is above the
minimum recommended international standard of 27 ophthalmologists per million population.34 Nevertheless, it is well below
the current (2019) ratio of 59 ophthalmologists per million population in the United States.38 All our simulation scenarios
predict that the ratio in the Dominican Republic will never achieve the United States’ ratio.
In the United States, based on a survey of male ophthalmologists between 50 and 85 years of age, the annual attrition rate of
ophthalmologists was about 2.7% annually.39-40
Because approximately half of ophthalmologists in the United States are younger than 50 years, the actual annual attrition rate
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for all ophthalmologists is below 2.7%.41 According to our model, assuming a 2% annual attrition rate of ophthalmologists in
the Dominican Republic, the number of ophthalmologists per million will reach a maximum of 34.5 per million after 11 years
and decrease thereafter. One recommendation from this scenario is the expansion of the ophthalmology resident positions
within a decade to avoid a decline in the ratio of ophthalmologists to population.
The conclusions obtained from the models have several limitations. First, it is assumed that there is no interaction between the
optometric and ophthalmologic workforce models. It is likely that as the number of university-educated optometrists increases,
there will be pressure exerted by non-surgical ophthalmologists to decrease the growth of the university program. A future
expansion of optometry scope to include the treatment and management of ocular disease is also likely to increase
ophthalmologic opposition. This situation could be incorporated into the model by assuming a dampening factor on the number
of optometric applicants. The value of the dampening factor would increase as the number of optometrists grows.
Second, the current models consider stable birth and mortality rates through time in the Dominican Republic. In a future
paper, as reliable information about changing birth and death rates becomes available, the model may be refined through a
table or graph function for the Vensim simulation.
Third, it is assumed there is no attrition of university-trained optometrists during the 60-year period. In the United States,
where the profession is mature and well-established, approximately 2% of optometrists retire annually.42 When assuming a
cohort of young graduates in the Dominican Republic (less than 25 years old), one can expect low percentages of retirees
during the first 40 years. On the other hand, when assuming a cohort of older students entering the program, one may expect a
higher percentage of annual retirees. Future data on the student body composition may allow for better refinement of the
optometric workforce model.
Fourth, the model is limited in scope and only addresses eyecare workforce needs based on international ophthalmologic
standards and the United States’ optometric standards. Further refinements of the model may consider workforce needs based
on population-based data on the prevalence of refractive error, visual impairment and ocular pathologies in the Dominican
Republic. The currently available information is limited in detail and quality but may improve in the near future to allow model
refinements.
Lastly, as in all simulation models, the present model is based on assumptions that may change over time, such as the number
of admitted optometry students and their retention rate, as well as the number of new ophthalmology residents. However, the
model could be refined as the values of these variables are known and applied in the simulation.
Conclusion
This paper has shown an application of system dynamics to model the optometric and ophthalmologic workforce in the
Dominican Republic. The model produces predictions of the changes in the supply of eyecare professionals under varying
annual attrition rates. These predictions allow for useful recommendations to be made regarding optometric legislation to curb
empiricism, future expansion of the scope of the profession, changes in the number of admitted optometry students, and
changes in the number of ophthalmology residents. Optometric educators could apply system dynamics simulation in their
public health courses in diverse areas. For example, it could be used to model demographic changes, the development of
epidemics, the effects of air pollution, the provision of immunization services, or workforce needs as in the present case.14-19
Footnotes
Mariano Belen, former President of the Dominican Optometric Association. Conversation with author, Santo Domingo,
Dominican Republic. He has given permission to publish this information.
a

b
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Background
Hydroxychloroquine (Plaquenil, Novartis, East Hanover, N.J.) is a drug initially developed in the mid-1950s for management of
malaria and is a derivative of chloroquine. The hydroxylation of chloroquine has resulted in a decreased incidence of side
effects while maintaining efficacy.1 Currently, hydroxychloroquine is used for management of various rheumatologic
conditions, including rheumatoid arthritis, systemic lupus erythematosus, and Sjogren’s syndrome. In the future,
hydroxychloroquine may also be used in the management of other medical conditions. Early studies show promising results in
the control of hemoglobin A1c (HbA1c) levels for individuals with diabetes.2,3 There is also anecdotal evidence suggesting
hydroxychloroquine (used concurrently with azithromycin) may be an effective treatment for coronavirus disease 2019 (COVID19) infections caused by the coronavirus initially discovered in late 2019.4
Hydroxychloroquine has been observed to cause significant ocular side effects, including retinal toxicity and, less commonly,
anterior segment changes.5 Symptoms include reduced vision, paracentral scotoma, photopsia and glare. The American
Academy of Ophthalmology (AAO) released updated guidelines in 2016 for screening protocols for individuals who have been
prescribed hydroxychloroquine.12 Early detection of ocular toxicity is of utmost importance as retinal toxicity changes are
irreversible and may continue to progress after discontinuation of the medication.
The following case report describes a 66-year-old White male who was diagnosed with retinal toxicity from hydroxychloroquine
based on Humphrey visual field (HVF) 10-2 testing and macular optical coherence tomography (OCT) imaging. He
subsequently discontinued hydroxychloroquine after consultation with rheumatology and was followed for progression of visual
field damage.
Case Report
A 66-year-old Caucasian male presented as a new patient for his annual comprehensive eye exam. He had a history of
hydroxychloroquine use for management of discoid lupus. His dosage was 200 mg orally BID, with a total daily dose of 400 mg.
He had been followed previously by another eyecare provider but was lost to follow-up for four years. His total duration of
dosing of hydroxychloroquine was approximately seven years.
The patient’s medical history included discoid lupus, irritable bowel syndrome, hypertension and chronic obstructive
pulmonary disease. There was a noted lack of renal impairment in the patient’s medical history. His daily medications included
hydroxychloroquine, amlodipine, hydrochlorothiazide and albuterol inhaler. He had no prior history of ocular trauma or
surgery. His previous ocular health record from four years prior included cataracts and a choroidal nevus in the left eye, with
no mention of maculopathy in either eye.
Entering uncorrected visual acuities were 20/30 OD and 20/30-2 OS. His best-corrected visual acuities after manifest refraction
were 20/20 OD and 20/20 OS, with low astigmatic correction in both eyes. Pupil reactivity, confrontation visual fields and
ocular motility were normal in both eyes. Intraocular pressure measured 18 mmHg OD and 17 mmHg OS with Goldmann
applanation tonometry.
Slit lamp examination of the anterior segment was unremarkable in both eyes, including a noted absence of corneal deposits in
both eyes. Dilated posterior segment examination revealed mild nuclear sclerotic changes of the lens in both eyes. The vitreous
was clear in both eyes. The patient’s optic nerve cup-to-disc ratio was 0.30H/0.35V OD and 0.35H/0.35V OS. His maculae were
flat and evenly pigmented without obvious presence of bull’s eye maculopathy or macular pigmentary disruption. The posterior
pole in the left eye exhibited a flat choroidal nevus 1 disc-diameter in size along the superior arcade with overlying drusen and
no observable lipofuscin. The peripheral retina was unremarkable in both eyes.
HVF 10-2 testing, performed prior to his dilated exam, revealed an early-to-moderate paracentral ring scotoma with sparing of
the central two degrees in the right eye. The left eye visual field test revealed an early paracentral ring scotoma, also with
sparing of the central two degrees (Figure 1). This was a significant change from his baseline visual field testing from four
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years ago, which was reliable and without evidence of a paracentral scotoma (Figure 2).
Baseline spectral-domain OCT (SDOCT, Heidelberg Spectralis) of the macula revealed subtle thinning of the outer nuclear
layer of the right eye and normal macular appearance in the left eye. Ellipsoid zone disruption was present in both eyes
(Figure 3). The image captured was a 25-line horizontal raster scan.
The patient was educated on his diagnosis and advised to return in three months for repeat HVF 10-2 testing to monitor for
further progression of the visual field loss. The patient’s rheumatologist was notified of the findings of early retinal toxicity and
he discontinued the use of hydroxychloroquine immediately.

Figure 1. Humphrey visual field 10-2 results for left eye (A) and right eye
(B). Note the paracentral ring scotoma in the right more than left eye, with
sparing of the central two degrees.
Click to enlarge

Figure 3. Macular optical coherence tomography results indicating subtle
inner segment/outer segment (IS/OS) junction disruption (red arrows) and
thinning of the outer nuclear layer just nasal to the fovea in the right eye
(white arrow). There is mild IS/OS junction disruption (red arrows) and
outer nuclear thinning in the left eye (white arrow). Click to enlarge

Figure 2. Baseline Humphrey visual field 10-2 results for the left eye (A)
and right eye (B) from historical record review.
Click to enlarge

Figure 4.Progression of the patient’s visual field 10-2 results in both eyes.
Note the progression of the visual field damage despite discontinuation of
hydroxychloroquine. However, the field appears stable starting at seven
months after discontinuation.
Click to enlarge

The patient had repeat HVF 10-2 testing performed two months, six months and approximately 18 months later (Figure 4).
There was continual progression of visual field loss after discontinuation of hydroxychloroquine for approximately six months.
The patient has been followed on an annual basis, and his visual field appeared stable at his most recent examination, 18
months post-discontinuation.
Educator’s Guidelines
Key concepts
1. Overview of current AAO screening guidelines
2. Understanding high-risk characteristics and risk factors for hydroxychloroquine toxicity
3. Detection and observation of early ancillary testing changes associated with hydroxychloroquine toxicity
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Learning objectives
At the conclusion of this case discussion, participants should be able to:
1. Review a patient’s ocular and medical history to determine risk factors for retinal toxicity
2. Understand risk factors and tailoring of hydroxychloroquine screening guidelines based on individual patient medical
history
3. Observe early changes in HVF, OCT, fundus autofluorescence (FAF) and multifocal electroretinography (mfERG) test results
for early detection
4. Co-manage individuals taking hydroxychloroquine with rheumatology
5. Be familiar with future directions of hydroxychloroquine use outside of rheumatologic disorders
Discussion questions
1. Knowledge and concepts required for critical review of the case
a. What are current AAO screening guidelines for when to initiate annual screening?
b. Which risk factors have the greatest impact on development of retinal toxicity?
c. How does early retinal toxicity manifest in HVF, OCT, FAF and mfERG?
2. Differential diagnoses
a. What are likely differential diagnoses to be considered for this case?
b. When is ancillary testing recommended?
c. What additional testing can be done to differentiate hydroxychloroquine toxicity from other differential diagnoses
considered above?
3. Disease management
a. What management would you recommend to this patient or similar patients?
b. How often would you follow this patient after diagnosis of toxicity?
c. Are there any at-home tests or other methods for these patients to monitor for changes?
4. Patient education
a. What would you tell the patient about the prognosis of this condition?
b. How would you discuss systemic risk factors that may relate to retinal toxicity?
c. How would you educate this patient to understand continued follow-up with rheumatology is necessary?
5. Critical thinking
a. Would you have done anything differently in management of this case? Please elaborate.
b. Would your screening of this patient vary if he were a different race? If so, what would you change?
Discussion
Teaching instructions
This case report targets third- and fourth-year optometry students and optometry residents. Prior knowledge of visual field
testing and observation of retinal layers on OCT are expected. Readers should study the entire background and case report,
including OCT scans and visual field test results, and answer all discussion questions in the Education Guidelines section. The
questions will guide assessment in the success of learning objectives. This case will likely be best presented as a PowerPoint
presentation due to its graphical nature and need for interpretation of ancillary testing. In addition, a combination of
PowerPoint and verbal case discussion will best convey background concepts within this teaching case report.
Background
Hydroxychloroquine is a chloroquine derivative originally developed for management of malaria. Although it has limited use as
an anti-malarial due to development of chloroquine-resistant strains of malaria, historical experimentation during the early to
mid-1950s led to the discovery of its anti-inflammatory properties.1 It has since been used for management of rheumatoid
arthritis, systemic lupus erythematosus and other rheumatic conditions.1
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Hydroxychloroquine may also be useful in the management of diabetes as an alternative to traditional diabetic medications.2,3
Hsia et al. reviewed diabetic management in patients taking the maximum dose of metformin and a sulfonylurea. 400-mg
dosing of hydroxychloroquine was compared with 45 mg pioglitazone as third-line drugs for diabetic management. After a twomonth clinical trial, the authors noted a decrease in HbA1c levels of 1.2% for patients in the hydroxychloroquine group, and a
2.8% decrease in HbA1c levels for patients in the pioglitazone group. The authors noted cost efficiency should be considered,
as hydroxychloroquine is available for substantially lower cost than pioglitazone.3
The global COVID-19 pandemic shined a new light on hydroxychloroquine (combined with azithromycin) as a potential
treatment for the symptoms caused by COVID-19.7 Although studies have produced mixed results and are limited in size and
scope, some evidence has been found to suggest hydroxychloroquine, when combined with azithromycin, may decrease viral
load of the novel coronavirus.7 Gautret et al. observed in a small study that 600 mg of hydroxychloroquine daily, combined with
azithromycin, led to a significant reduction in viral load after six days of treatment.8 All six patients treated with combined
azithromycin and hydroxychloroquine showed a negative nasopharyngeal polymerase chain reaction test at day six. This is in
contrast with using hydroxychloroquine alone, which led to eight of 14 patients testing negative after six days.8 As COVID-19 is
an ever-changing public health crisis, further studies indicated limited justification for the use of hydroxychloroquine for
management of the virus. This ongoing debate centered around hydroxychloroquine led to shortages in supply of the drug,
causing concern for both rheumatologists and patients.9 A more recent study by Geleris and Sun followed 1,376 patients, with
58.9% receiving hydroxychloroquine. Patients receiving hydroxychloroquine were dosed at 600 mg BID on day one, then 400
mg daily for an additional four days. Respiratory failure developed in 25.1% of patients studied, which the authors defined as
the primary endpoint for their study. The authors stated there was no significant association between hydroxychloroquine use
and the primary endpoint.10 The risk of respiratory failure or death was not significantly higher or lower among those who were
administered hydroxychloroquine according to the regimen above, contradicting the prior smaller-scale European study.10
Individuals who have been prescribed hydroxychloroquine are at risk to develop both anterior and posterior segment ocular
side effects.5 Although rare, corneal epithelial deposition is possible and generally occurs within the inferior cornea.5,6 Grierson
noted an overall incidence of keratopathy of 0.8% (six cases of 758 patients studied).6 However, in four of these cases, the
dosing was greater than 6.5mg/kg daily.6 These corneal deposits are typically not visually significant and are reversible upon
discontinuation of therapy.5,6 Cataract and accommodative dysfunction have been found to occur in patients taking
chloroquine; however, these side effects have not been observed in individuals prescribed hydroxychloroquine.19
Retinal toxicity can have devastating visual consequences if not detected early. Current guidelines released by the AAO in 2016
include a few changes from the previous revision in 2011.12 The AAO accumulated significant data from 2,361 patients who
were prescribed hydroxychloroquine for more than five years. The authors noted an overall 7.5% prevalence of
hydroxychloroquine retinopathy. Incremental risk for an individual using ≤ 5.0 mg/kg daily dosing is less than 1% during the
first 10 years of use. This increases to 4% after 20 years. However, it can reach an approximate risk of 20% after 20 years of
use with higher dosing.16 Current AAO guidelines state that annual screenings are recommended after five years of use.
Marmor et al. noted that patients prescribed hydroxychloroquine at ≤ 5.0 mg/kg daily for less than five years have less than
1% risk of developing retinal toxicity.12
The daily dose recommendation of hydroxychloroquine has changed from < 400 mg daily in 2011 to < 5mg/kg daily.12 The
historical 400-mg daily dosing calculation was calculated from a patient’s ideal body weight (IBW) and recommendations of
hydroxychloroquine dosing to be 6.5 mg/kg IBW. However, Walvick et al. noted that dosing through IBW led to 56% of females
and 46% of males receiving higher than the recommended dose of hydroxychloroquine.13 Marmor et al. also determined that
there is a stratification of risk based on actual body weight (ABW) dosing of hydroxychloroquine: 5mg/kg daily dosing ABW led
to two to three times greater risk of developing hydroxychloroquine retinopathy compared with 4-mg/kg daily dosing ABW.12
The cumulative dosing guideline of > 1,000 g total dose established in 2011 has been removed. A total cumulative dose of
1,000 g can be established through 400-mg daily dosing for 6.85 years, or 200-mg daily dosing for 13.7 years.16 Because the
AAO already recommends screening after five years, this guideline is no longer thought to be relevant.
Systemic risk factors for hydroxychloroquine retinal toxicity include renal impairment and current tamoxifen use. Renal
impairment has been associated with higher serum hydroxychloroquine concentration, as hydroxychloroquine is excreted
through the renal system.14 Melles and Marmor stated that a 50% reduction in glomerular filtration rate is associated with
doubling of hydroxychloroquine retinopathy risk.15 Also, it should be noted that although hydroxychloroquine is partially
metabolized within the liver, the authors found no increase in risk of hydroxychloroquine retinopathy for individuals with
documented liver disease.12,24 Tamoxifen, commonly used in the management of breast cancer, is now noted as a significant risk
factor for development of retinopathy when taken concomitantly with hydroxychloroquine; there is an up-to-five-fold increased
risk of development of retinopathy when the two are taken in combination.12 Although the underlying physiology of this
increased risk is not known, it is speculated that the two drugs have an adverse metabolic synergistic effect.12 This is another
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major change from the AAO 2011 guidelines to its 2016 revision.
Upon encountering a patient with current hydroxychloroquine usage, it is imperative to ask specific questions about his/her
medical and ocular history to determine the risk of retinal toxicity. As outlined above, one should confirm the patient’s dosing
and duration of use and inquire about an estimated weight. This will allow for calculation of the ABW dosing, which can be
used to determine whether a patient is taking a high-risk or low-risk dose of hydroxychloroquine. In addition, a careful review
of medications and patient medical history (including presence or absence of renal disease) should be performed to determine
risk of toxicity.
Currently, baseline examination is recommended within the first year of initiating hydroxychloroquine and annually after five
years of use. In addition, the drug manufacturers also recommend baseline examination prior to starting therapy to rule out
pre-existing maculopathies.16 The current AAO guidelines also state that pre-existing maculopathy is a risk factor for
development of hydroxychloroquine retinopathy; however, Yusuf et al. found no data to suggest pre-existing maculopathy leads
to increased susceptibility of hydroxychloroquine retinopathy.16 Patients with minimal baseline macular abnormality, including
mild macular drusen, should not be excluded from therapy.16 However, pre-existing macular conditions may interfere with
interpretation of ancillary testing and detection of early toxic retinopathy. Major macular pathology is a contraindication to
hydroxychloroquine use.16
Diagnosis and clinical findings
Diagnosis of early-stage hydroxychloroquine retinopathy largely relies on ancillary testing, including HVF 10-2 and 24-2,
macular OCT, FAF and mfERG. AAO guidelines state that the recommended tests are HVF 10-2 and SDOCT; FAF and mfERG
are noted as discretionary.16 Of note, the 2016 guidelines recommend HVF 24-2 and widefield SDOCT testing for patients of
Asian descent as these patients tend to exhibit extramacular toxicity.14
Toxicity detected through HVF 10-2 testing is typically observed as a paracentral ring scotoma, normally from two to six
degrees of fixation, with sparing of the central two degrees.27 Particular attention should be given in the superior nasal region
as the inferior temporal retina tends to be affected early.20 A low threshold for suspicion is important in early diagnosis; defects
may initially be discounted as non-specific scatter due to the subjective nature of visual field testing. In addition, patients of
Asian descent may have visual field loss beyond eight degrees from the fovea.18 It should also be noted that central defects
found on HVF 24-2 testing warrant further testing with the 10-2 test strategy. A single-point depression centrally in the HVF
24-2 testing strategy may be a significant central loss on HVF 10-2 testing.27 In this clinical case, Figures 2A and 2B show an
early paracentral defect that notably is sparing the central two degrees from fixation. The defect also appears to be limited to
no further than six degrees from fixation. The characteristic pattern of visual field defect in the case outlined above was
concerning for possible hydroxychloroquine toxicity.

Figure 5. Example of outer nuclear layer thinning noted within the white box.
Compare outer nuclear layer nasally vs. laterally in the same image.
Click to enlarge

OCT is another essential tool for diagnosing
maculopathy. It provides objective, detailed
measurements of retinal structure. SDOCT testing is
preferred over time-domain OCT, as the latter does
not provide adequate resolution.12 Loss within
macular OCT testing may be subtle on interpretation
and requires careful attention. Disruption of the
ellipsoid zone (also known as the inner
segment/outer segment junction or the
photoreceptor integrity line) may be observed in
early stages of disease.26 Paracentral outer nuclear
layer loss presents in moderate-stage disease;
disruption and loss of the external limiting
membrane may be observed as well.23 Figure 5
highlights an example of outer nuclear layer
thinning on SDOCT (Heidelberg Spectralis) macular
imaging. For the clinical case outlined here, Figures
3A and 3B show a disruption of the outer nuclear
layer as well as the ellipsoid zone in both eyes on
SDOCT (Heidelberg Spectralis) testing. The
appearance of the SDOCT scan, in conjunction with
the visual field findings noted above, were of
concern for hydroxychloroquine toxicity.
22

OCT may also provide additional benefit due to widefield imaging capabilities that are now emerging in clinical care settings.
Widefield imaging is beneficial for Asian patients who may develop extramacular toxicity.18,20,22 Choudhry et al. defined
widefield imaging as up to a 50-degree field of view, with ultra-widefield imaging described as a 200-degree field of view in a
single image.17 A study by Lee et al. reported that in eight out of nine patients with diagnosed retinal toxicity in a Korean
population, the appearance was pericentral as opposed to the classic parafoveal.18 Particular attention is needed with
observation of the inferior temporal retina as this area tends to be where early toxicity is first observed.16
FAF is another useful tool in evaluation of hydroxychloroquine retinopathy. Early toxicity may present itself as subtle
paracentral hyperautofluorescence (or along arcades for Asians), with later stages appearing as hypoautofluorescence
centrally surrounded by areas of hyperautofluorescence.19 Ahn et al. demonstrated observation of extramacular
hydroxychloroquine retinopathy through widefield FAF in 70.7% of eyes examined in a Korean population.20 Imaging systems
by Optos are able to achieve a field of view up to 200 degrees (Optos, Optomap Ultra-Widefield). Heidelberg also has
developed widefield imaging techniques, which can provide a 105-degree field of view using a lens modification to the
Heidelberg Retinal Angiograph.21
mfERG is considered the gold standard for hydroxychloroquine retinopathy screening as it may possibly detect toxicity earlier
than other testing methods.22 The test produces a topographic map of ERG responses across the posterior pole. Reduced
paracentral retinal responses are indicative of hydroxychloroquine toxicity.
Eyecare practitioners should recognize the importance of multiple modalities in confirming a diagnosis of hydroxychloroquine
retinopathy. Greenstein et al. noted that functional changes in hydroxychloroquine retinopathy patients may be observed even
before structural changes exist. Although OCT is a significant diagnostic tool, approximately half of patients with diagnosed
toxicity in one study had normal SDOCT findings in the presence of abnormal HVF 10-2 and mfERG findings.23 In another
study, Marmor and Melles observed 10% of patients examined with hydroxychloroquine toxicity showed a significant
paracentral scotoma in absence of SDOCT abnormalities.19 Not only does this suggest that functional changes may present
before structural changes, this also highlights the importance of using multiple ancillary tests to screen for hydroxychloroquine
toxicity.
Patients may inquire about any possible at-home tests that may help them determine new presence of toxicity. Historically, the
Amsler grid was thought to be a viable screening tool in hydroxychloroquine toxicity. However, the current AAO screening
guidelines (2016 revision) list Amsler grid as not recommended for screening. Currently, there are no tests that can be done at
home to screen for retinal toxicity.
Differential diagnosis
The differential diagnoses for hydroxychloroquine retinopathy include:
1. Age-related macular degeneration (ARMD). Risk factors for ARMD include increased age, family history and personal
history of smoking. Changes observed on macular OCT include central macular drusen and possibly intraretinal and/or
subretinal fluid in cases of exudative macular degeneration. Symptoms include reduced vision, metamorphopsia, and central
scotoma. The characteristic presence of drusen may be used to differentiate the two conditions.
2. Cone or cone/rod dystrophy. Cone or cone/rod dystrophy is a result of congenital mutations in more than 30 genes, inherited
through autosomal recessive patterns. These are typically diagnosed at a young age through genetic testing. Patients
present with reduced vision, reduced color vision, central scotoma and peripheral vision loss. Peripheral vision loss is not
typical of hydroxychloroquine retinopathy.
3. Stargardt’s disease. Stargardt’s is a form of macular degeneration typically affecting children and young adults. Like
cone/rod dystrophies, Stargardt’s is an inherited condition leading to reduced visual acuity, color vision and development of
central scotoma. Diagnosis can be made through observation, ERG testing or genetic testing. One can differentiate
Stargardt’s disease from hydroxychloroquine retinopathy due to age because Stargardt’s disease tends to affect a younger
age cohort.
Management and prognosis
Currently, no treatment exists for hydroxychloroquine retinopathy, highlighting the significance of early diagnosis and
communication with rheumatology. Retinal toxicity may be limited with early diagnosis, which is important as progression of
visual field loss has been noted for years after discontinuation of therapy. Careful follow-up is necessary to continually monitor
for changes in visual acuity and visual field. According to AAO screening guidelines, HVF 10-2 (or 24-2 in Asian patients) and
OCT macular testing are used in diagnosis of hydroxychloroquine retinopathy.12 For individuals with suspected toxicity who are
physically unable to perform HVF testing, referral to tertiary care centers or educational institutions with access to mfERG or
FAF may be indicated. Table 1 highlights the newest guidelines for hydroxychloroquine screening.
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Upon diagnosis of retinal toxicity, eyecare providers
should be in contact with rheumatology regarding
the evidence of toxicity and recommendations to
discontinue therapy. A balance of vigilance and
understanding of expected functional and structural
changes is needed to avoid premature
discontinuation of therapy.
As noted by Marmor et al., the progression of
structural changes on SDOCT depends on the stage
of toxicity when diagnosed (and thus, how quickly
hydroxychloroquine is discontinued). The authors
stated that cases of early hydroxychloroquine
toxicity showed little to no foveal structure changes
measured on the Cirrus ETDRS cube. In contrast,
individuals with moderate toxicity at time of
diagnosis had progressive foveal thinning for at least
three years. Severe toxicity at time of
discontinuation had the most prominent progression
of foveal thinning during this time frame. The
authors defined early toxicity as “patchy damage
Table 1. Click to enlarge
within the parafoveal zone shown by field or
objective testing.” Moderate toxicity was defined as
“50% to 100% parafoveal ring of damage and
marked thinning of the parafoveal retina on SDOCT
without retinal pigment epithelium (RPE) damage.”
Severe toxicity was defined as “bull’s-eye damage
with RPE involvement on SDOCT (visible
retinopathy).”26
The authors also noted the ellipsoid zone, which needs to maintain structural integrity for preservation of visual acuity, is left
intact after three years in cases of early and moderate toxicity. This further highlights the importance of early detection in
preservation of visual acuity, as severe toxicity showed progressive loss of the foveal ellipsoid zone.23
Patients should be aware of their hydroxychloroquine screening results and prognosis should any presence of toxicity occur. It
is imperative to highlight the importance of retinal toxicity screening and advise them that early discontinuation of therapy is
necessary to limit the continual progression of visual field defects. Patients should also be educated about the risk of continual
progression of visual field changes even years after discontinuation. Several risk factors, such as renal impairment, tamoxifen
use and > 5mg/kg daily dosing are associated with an increased risk of retinal toxicity development. Therefore, changes to a
patient’s medical history should be reported to the eyecare practitioner so modifications can be considered to the screening
regimen. Follow-up with rheumatology is also important because rheumatologic symptoms may worsen after discontinuation of
hydroxychloroquine.
Conclusion
The case presented demonstrates important concepts related to careful evaluation and review of patient medical history,
detection and communication in relation to hydroxychloroquine retinal toxicity. Optometrists play a crucial role in screening
and detection related to hydroxychloroquine, which remains one of the most commonly prescribed drugs for rheumatologic
conditions today. Individual medical history must be reviewed in great detail, as factors such as medication use and renal
disease may greatly increase the risk of toxicity. Optometrists must be aware of both a patient’s hydroxychloroquine dosing
and ABW to determine his or her risk of retinal toxicity through calculation of mg/kg daily dosing. The authors of this teaching
case report choose to screen prior to five years of use for individuals who have documented renal impairment, tamoxifen use or
sustained dosing of > 5mg/kg daily. In addition, one may consider screening sooner than five years for patient peace of mind.
Both objective and subjective ancillary testing is recommended, and thorough evaluation of results is paramount in early
detection because progressive visual field loss can occur for years even after discontinuation of the medication. Early-stage
toxicity may cause no visual symptoms, but late-stage toxicity may have devastating visual consequences.
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Background
The purpose of this study is to explore what the optometry graduates of the University of Medicine Pham Ngoc Thach (UPNT)
have experienced working within the Vietnamese health system. Secondary purposes are to educate the public on the ideal use
of the optometrist in the Vietnamese health system and to discuss current barriers to autonomous practice within the public
hospital system.
Until recently, eye care in Vietnam consisted only of a limited number of ophthalmologists, working primarily in a problemfocused way, and of refracting opticians at public hospitals and commercial optical shops. The system of ocular care follows the
traditional system previously seen in China.1,2 The opticians perform refractions primarily using trial lens sets; phoropter use is
rare. The current quality of refraction varies widely and there is no requirement for formal refractive training. Some of the
lower-quality refractions may consist of only a spherical equivalent refraction or a prescription from an autorefractor reading.
There has been little preventive eye health and vision care. Furthermore, the more advanced eyecare resources are
concentrated in the larger cities, primarily Ho Chi Minh City (HCMC) (south), Hanoi (north), and DaNang (central). As a result
of this situation, many conditions such as glaucoma, cataract and retinal breaks progress undetected and untreated, leading to
blindness. Early recognition of these conditions can lead to more effective treatment and improved visual outcomes. The lack of
ocular surveillance is especially pronounced in the countryside where people need to travel relatively large distances to seek
eye care. Optometry is being developed to bring comprehensive eye care and ocular health monitoring to Vietnam to reduce
preventable blindness.
Optometry was first introduced to Vietnam as a profession with the graduation of 12 Vietnamese optometrists from the UPNT
Optometry program in 2018. The first four classes admitted consisted of 49 females and 27 males. The optometry program
awards a four-year bachelor’s-level degree following high school. Entrance to both optometry and medical schools is
competitive and there is no four-year general education before beginning a course of medical or optometric study. In contrast,
ophthalmologists in Vietnam must complete a three-year residency following a four- to five-year course of study in general
medicine. Medical students enter their program directly from high school as the optometry students do, and from the same
applicant pool. This is similar to many education systems around the world, but unlike American medical/optometric education
where an undergraduate degree is generally obtained prior to entry into professional school. There are no separate
standardized entrance exams such as the Optometry Admission Test or Medical College Admission Test.
Tuition for the optometry program was subsidized partially by the Human Development Committee of Ho Chi Minh City for the
first three years of the program. That support has now ended (recent graduate, oral communication, February 2020). The
current tuition paid annually by the students is approximately $500 USD, which covers both semesters.3 The tuition at the
sister program in Hanoi is 10% higher at $550 USD.4
The instruction in the UPNT Optometry department mirrors a traditional Western-style optometry school curriculum but with
perhaps a greater portion of the first year dedicated to basic science classes such as physics and anatomy. Some political and
military training is required, which is standard for all students in Vietnam. The second and third years are intense with didactic
and lab instruction in the core optometry subjects, followed by a fourth year primarily of practical clinical experience. The
clinical experiences include working within the various departments at the main public eye hospital in HCMC. Unfortunately,
the students often only observe and do not participate in the care delivered. The core clinical experience is in the Academic
Vision Center (AVC), which was started as part of the general health clinic within UPNT and exists to serve the needs of the
medical students and staff of UPNT. Although the facility is open to the public, its current clinic patient base is primarily
young, healthy students. The curriculum used for the didactic instruction has been developed by the Brien Holden Vision
Institute (BHVI) with the input of recognized experts in optometry from around the world. This curriculum is freely available to
all at the BHVI website.5
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The founding of the Vietnamese optometry program has been
supported by the Vietnamese Ministry of Health (MOH), UPNT, BHVI,
VOSH International and several other non-governmental organizations
and interested parties. The program is designed to produce World
Council of Optometry Competency Level 3 optometrists. This is an
optometrist who investigates, examines and evaluates the eye and
adnexa and associated systemic factors to detect, diagnose and
manage disease, including the use of diagnostic drugs.6 See Table 1
for an explanation of the four WCO levels. Therapeutic drugs are
taught in the program, but it is expected that the optometrist will not
have prescription drug privileges when the law is formalized. There is
hope that, when better established, the program could be expanded to
award a five-year master’s or eventually a Doctor of Optometry degree.

A possible near-term model for the Vietnamese program is the optometry program in Hong Kong. The Hong Kong system has
had varying levels of certification, with the highest level allowing full diagnosis and dilation, though the drug formulary is
minimal.7 The lowest level is refraction-only optometrists.8 Having a multilevel certification would allow for the uncertified
refractionists in the country to continue to practice, and in time require certifications for all levels of those working with
optical/eyecare patients. A similar law was initiated in Taiwan requiring all refractionists to be certified.9 The authors’ best
hope is that the Vietnamese will model the American system of optometry, with full diagnosis, treatment and even some minor
surgical procedures such as foreign body removal allowed. This training has already been part of the Vietnamese course at
UPNT. The optometric scope of practice in the United States and other parts of the world has been a slow progression over
many years, and Vietnam may expect the same. Hong Kong started a board of optometry only as recently as 1984. Ideally, the
profession of optometry in Vietnam will evolve into a broad practice to mirror the training that the new optometrists have
received. Realistically, however, it will take some time for the general public and the authorities to understand and better
appreciate the role of optometry in safeguarding the public health regarding eye care.
Although the first two cohorts from UPNT have begun their careers, Vietnam has not yet adopted a statute to govern the
profession of optometry within the public health system. This issue, commonly referred to as the job code, is currently being
discussed in the MOH in Hanoi. The job code is the law within the MOH that will govern the profession of optometry in
Vietnam. A job code is required for every profession operating within Vietnam’s health system. Each job code not only sets
salary and remuneration guidance for hospital administrators, but also defines the scope of practice for each profession. Job
codes cannot be introduced at any time, but rather only during a period of review. The review happens once every five years,
and 2020 was a year of review, and an optometry job code was discussed. However, before being sent to the Prime Minister for
signature, the job code must have input and review from several relevant ministries including the Ministry of Home Affairs, the
Ministry of Labor and the Ministry of Finance, as well as several committees within the MOH. Until a decision is reached,
hospital administrators or department heads have no official information to use in assigning tasks for the optometrists.
This study explores how the first two cohorts of graduates from the UPNT Optometry program have been utilized by the
various hospitals to which they have been assigned, as well as their other modes of employment when reported. No review
board nor ethics committee was known to be available. However, the World Medical Association’s Declaration of Helsinki
guidelines for medical research were followed. In addition, this research is eligible for exemption from regulations because it
involved only a survey; the primary investigator recorded information in such a way that subjects cannot be readily identified;
and any disclosure of identifiable information would not place the subjects at risk.
Methods
The survey was sent online to all 29 graduates from the first two UPNT classes. The response rate was 86% (25 anonymous
responses were received). Data analysis was performed using Microsoft Excel (version 365).
Data was organized in simple spreadsheet form. The respondents were nine males (35%) and 17 females (65%). Age was not
asked on the survey, but the age of most graduates is within one year of 22. No “non-traditional” students have been admitted
to the program to date.
Results/Discussion
Question 1: In what type of work are you currently employed?
The distribution of the graduates’ practice locations has been dictated in part by the local health department (Figure 1). Each
graduate was guaranteed an assigned job in a public hospital. Several have left these positions to pursue other practice
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opportunities. Seven graduates have been assigned to the optometry program at UPNT to serve as the future teaching core of
the optometry department. One of these is abroad taking a master’s in optometry course, and the rest are working as teaching
assistants in both the UPNT Optometry department and in the school’s AVC. The AVC is the primary teaching clinic associated
with the optometry program. Interestingly, the optometry students are the only student clinicians in the clinic. The medical
students are not allowed to practice at the facility. The college clinic was not established as a teaching clinic for the medical
students, but rather as a clinic to generate additional income for the university. The medical school’s faculty are able to
supplement their earnings by working at this clinic. As in the United States, medical educators are among the lowest paid
segments of their professions. Several private eye hospitals and ophthalmological offices in the city have employed some
graduates as well. Most of the graduates report working more than one job.
The demand for optometrists is expected to grow significantly once the
practice parameters are defined by the anticipated job code. Increased
demand will likely lead to higher salaries for the new optometrists.
Currently, while the average wage in Vietnam is $150 (U.S. dollars,
USD) per month, total salary for the optometrists surveyed averaged
$425 USD per month for all work undertaken.10 Although low by
Western standards, the wages reflect the scales under which health
care is delivered in Vietnam. A basic visit to a public eye hospital costs
an uninsured patient approximately 100,000 Vietnamese Dong (VND)
($4.27 USD). Comprehensive exams are not offered, rather everything
is problem-focused. If warranted by the initial visit, which includes
visual acuity and slit lamp exam, by the ophthalmologist, a refraction
may be ordered ($1-$2 USD additional fee). A fundus exam may also Figure 1. Click to enlarge
be ordered for a nominal additional fee. Examination fees at private
ophthalmology offices can range from 200,000 to 500,000 VND ($8.54$21.34 USD), and services included vary widely from office to office.
Question 2: What exam skill are you personally performing?
The data clearly show that the group of new Vietnamese optometrists are not routinely performing comprehensive
examinations in their daily assigned tasks (Figures 2-7). If one considers any average score value over three as what is
usually performed as part of the exam, it can be seen that the young optometrists are typically used as refractionists. This
would include history-taking, refractive services and some patient education regarding visual status. While disheartening to
the graduates and faculty at UPNT who desire that comprehensive optometric exams would be routinely practiced, the level of
practice is anticipated to improve when the MOH defines the job code for optometry. When optometrists are recognized as part
of the healthcare system, it is expected they will be able to operate independently and perform comprehensive eye care within
their given departments. As it is now, the optometrists are not allowed to independently examine patients without a licensed
professional, usually an ophthalmologist, signing off on the patient.

Figure 2. Click to enlarge

Figure 3. Click to enlarge

Figure 4. Click to enlarge
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Figure 5. Click to enlarge
Figure 6. Click to enlarge
Figure 7. Click to enlarge

Question 3: What are your attitudes and job satisfaction thus far?
Understandably, the young graduates are not fully satisfied with the scope of optometry currently allowed by their direct
supervisors (ophthalmologists) (Figure 8). Some ophthalmologists are unaware of what optometrists are trained to do other
than refractive care, while others perhaps worry about optometry taking over some of their duties if allowed to become
proficient. The young graduates recognize that they have unique training and skills but are not permitted to use their expertise
in the current situation. In general, most believe they are underutilized and underpaid for the work they do.
The young optometrists also face some interesting cultural barriers to
becoming independent practitioners in the Vietnamese public
hospital/public health setting. The culture for young people in this
environment is to not speak up or try to educate their superiors about
new things. It is expected that the new worker will remain quiet and
obediently perform the tasks they are assigned. Although the
graduates possess unique knowledge and skill sets as fully trained
optometrists, culturally they are not comfortable with advocating for
their abilities to their department heads. Furthermore, as newly
Figure 8. Click to enlarge
trained optometrists, they are not yet confident in those optometric
skills. Optometric skills need to be practiced and honed daily. They are
not able to do this, so it becomes a vicious cycle of improper utilization
leading to lack of confidence. The description of knowledge, skills and
abilities of an optometrist must come from the job code. Ministerial
guidelines in the form of a job code should better inform the
administrators and heads of departments and lead to proper
utilization.
When compared with other countries that have established optometric professions in Southeast Asia, the newly trained
optometrists in Vietnam will have several crucial tasks to perform as they fight for relevance within the established healthcare
norms of their country. The primary task will be to educate the healthcare system of their capability. An equally crucial task
will be to educate the public about the value of preventive eye care. While the job code will outline their practice limits, it will
be necessary for the optometrists to be well-educated in eye care beyond their practice limits and to develop a system of
continuing education within the profession. Finally, creating a Vietnamese optometric association to help organize these efforts
would allow the young professionals to form a united voice.
Limitations of this study include the small sample size, the fact that there is no data at this point from the school of optometry
in Hanoi regarding these questions, and the possible reticence of some graduates to answer the questions. Another limitation
is that no previous studies of this type were found to contrast the findings presented here. One recent study of Nepalese
optometrists focused on their attitudes toward the formation of a new optometry school, but not on the satisfaction of the
graduates in performing the assigned duties of a new profession in their country.11
Conclusion
The first two cohorts of classically trained, WCO Level 3, Vietnamese optometrists have dispersed into a variety of practice
settings. The graduates by and large are not fulfilling the role of providing independent comprehensive eye examinations. The
graduates are currently being hindered in developing their talents and skills due to the lack of a national optometry
law/practice definition and lack of understanding from hospital administrators and department heads about the services
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optometrists are trained to provide. They are further hampered by the culture of respect for their elders. This situation has
made the daily working routines of the graduates less fulfilling for them. With the adoption of the anticipated job code for
optometrists and better organization among the new Vietnamese optometrists, it is hoped that the current situation will change
both in terms of the service optometrists will be providing to the public as well as their satisfaction in their new profession.
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Background
Pigment epithelial detachment (PED) results from separation of the basal layer of the retinal pigment epithelium (RPE) and the
innermost layer of Bruch’s membrane.2-4 They are most commonly associated with age-related macular degeneration (AMD) but
also present in polypoidal choroidal vasculopathy (PCV),5 hypertensive choroidopathy and conditions that lead to inflammation
and ischemia of the choroid, such as Vogt-Koyanagi-Harada disease (VKH).2,4,6 In addition to hypertension and VKH (a rare
autoimmune condition that causes inflammation of multiple organ systems), other systemic associations include renal disease,
systemic lupus erythematosus, sarcoidosis and leukemia.4 Multifocal PEDs are characterized by numerous retinal patches of
separated RPE and Bruch’s membrane. They are rare but have been proposed to be a variant of central serous retinopathy
(CSR). Because affected patients often remain asymptomatic when these lesions are located extrafoveally, they can be
monitored without treatment.1,2 When associated subretinal fluid (SRF) is present with the PED, however, intravitreal antivascular endothelial growth factor (anti-VEGF) injections, which suppress new retinal blood vessel growth and permeability,
are more readily considered a treatment option. Here, we explore a case of bilateral, extrafoveal, multifocal PEDs by discussing
etiological and pathophysiological mechanisms involved and management strategies for the eyecare provider. The objective of
this report is to provide fourth-year optometry students an example of an atypical retinal case, as not all patients encountered
in the clinical setting present with classic, textbook findings and may be managed differently between clinicians.
Case Description
History
A 73-year-old African American male presented to our clinic with a chief complaint of blurry vision OS without correction.
Other than diagnoses of myopia and cataracts OU at his last eye exam three years prior, his ocular history was unremarkable.
The patient’s medical history included controlled hypertension and a psychiatric diagnosis of post-traumatic stress disorder
(PTSD) since 1999. His mental health notes described him as having poor sleep, nightmares, feelings of isolation and paranoia,
but the specific experience that contributed to a diagnosis of PTSD, a mental health condition rooted in a past traumatic or lifethreatening event, was unknown.7 Furthermore, this patient’s active problem list included alcohol abuse, which is consistent
with clinical documents that described him as a “heavy drinker” who was charged with at least three driving offenses for
operating a vehicle while intoxicated. He was not taking any medications other than those prescribed for hypertension, and he
reported no known drug allergies.
Examination findings
The patient was correctable to 20/20 OD and 20/60 OS, which improved to 20/40 with pinhole. His best-corrected visual acuity
(BCVA) was 20/20 in each eye at his last eye exam. Pupils were round and reactive to light and did not exhibit a relative
afferent pupillary defect. Extraocular motilities, confrontation visual fields and alternating cover test were all normal.
Intraocular pressures measured by Goldmann applanation tonometry were 17 mmHg OD and 15 mmHg OS.
Slit lamp exam revealed a 1+ nuclear sclerotic cataract OD and a 3+ nuclear sclerotic cataract OS, which was the cause of
reduced vision OS. All other anterior segment findings were unremarkable. Healthy optic nerves with cup-to-disc ratios of 0.45
OD and 0.50 OS were assessed on fundoscopy. Additionally, several well-delineated, round, orange-reddish posterior pole
lesions were observed OU, but were more pronounced OD. These lesions appeared subretinal and extrafoveal and were not
associated with other retinal findings.
Optical coherence tomography (OCT) images were acquired OU. While center macular thickness, measuring 248 microns OD
and 238 microns OS, and foveal contour were normal OU, multiple extrafoveal PEDs corresponding with the lesions noted on
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fundoscopy were visualized on the scans. Of note was a large PED with overlying SRF that was approximately 0.75 disc
diameters in size and located superonasal to the macula OD (Figures 1 and 2). An additional PED of approximately the same
size was present just inferior to the macula, and a third, smaller PED was visualized temporal to the macula OD. OS images
revealed a few small PEDs in the superior, inferior and temporal macula, none of which were associated with SRF (Figure 3).
All PED findings on OCT were consistent with serous PED, which typically appears dome-shaped and well-delineated with an
elevated, hyper-reflective RPE overlying a hyporeflective and optically empty space.2,8,9

Figure 1. Optical coherence tomography scan and
gray-scale image of pigment epithelial detachment
with surrounding subretinal fluid in the right eye.
Click to enlarge

Figure 2. Larger gray-scale image of the right
posterior pole. The dark, round lesions are the
pigment epithelial detachments noted on exam
and confirmed with optical coherence
tomography. Click to enlarge

Figure 3. Gray-scale photo of the left posterior
pole. Fewer pigment epithelial detachment
lesions are evident in this image. They also
appear more faint compared with the pigment
epithelial detachments in Figure 2. Click to
enlarge

Treatment
Although asymptomatic patients with PED that spares the fovea can be monitored without treatment, the retinal specialist
consulted in this case recommended a monthly series of anti-VEGF injections for the right eye due to the associated SRF. The
presence of SRF was suggestive of underlying RPE decompensation that allowed fluid entry into subsensory space, which
placed the patient at higher risk for visual compromise.10 Consequently, he was treated at his first and second follow-up visits,
after which SRF in the right eye nearly completely resolved (Figure 4). The underlying PED also exhibited a reduction in
height. During his last scheduled injection appointment, however, recurrence of SRF over the superior PED was noted (Figure
5). Given re-emergence of SRF, the patient’s treatment schedule was altered from an original treat-and-extend regimen, which
would have lengthened follow-up intervals to longer than one month, to two additional monthly injection visits.

Figure 4. Optical coherence tomography of the right posterior pole with
raster scan of the superior pigment epithelial detachment showing
resolved subretinal fluid after two anti-vascular endothelial growth factor
injections. Click to enlarge

Figure 5. Optical coherence tomography scan showing recurrent
subretinal fluid nasal to the superior pigment epithelial detachment after
four anti-vascular endothelial growth factor injections.
Click to enlarge

Educational Guidelines
Key concepts
1. Patients with PED do not always present with symptoms; therefore, careful fundus examination is necessary for detection of
pathology
2. Obtaining a thorough medical history is important in atypical cases of PED
3. Specific characteristics of PED on OCT can aid in distinguishing the underlying disease process
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4. There is no definite treatment protocol for addressing extrafoveal PED; therefore, co-management with a retinal specialist
and close follow-up intervals are important in the prevention of vision loss in patients with these retinal lesions
5. Intraretinal fluid (IRF) and SRF respond more effectively than PED to anti-VEGF therapies
Learning objectives
At the conclusion of this case discussion, participants should be able to:
1.
2.
3.
4.

Name ocular conditions most commonly associated with PED
Identify helpful ancillary tests that can be used to elucidate the underlying cause of PED
Describe the pathophysiology of PED formation in the retina
Understand the prognosis of extrafoveal PED and associated findings and how these characteristics determine treatment
strategies
5. Comprehend how anti-VEGF therapies work, as well as their relative effectiveness compared with other treatment options
Discussion questions
1.
2.
3.
4.
5.

What range of symptoms do patients with PED experience?
Which ocular and systemic conditions are most commonly associated with PED?
What is the relationship between PED formation and choroidal neovascular membrane (CNVM)?
What other retinal findings might be seen in patients with PED and how do these usually impact visual prognosis?
Under what conditions would anti-VEGF drugs be indicated for patients with PED?

Assessment of learning objectives
The following ideas are designed to aid the educator in effectively teaching this material and assessing students’ learning
progress and knowledge.
Students’ mastery of retinal anatomy and physiology should be assessed, as a thorough understanding of retinal layers is
necessary for accurate OCT interpretation. Using OCT images with different examples of IRF, SRF and PED in the form of a
slideshow quiz is one possible evaluation method. Having students draw a cross section of the fundus with appropriate labels
and corresponding descriptions of the role of each anatomical part would also be an effective way to measure understanding of
retinal anatomy.
Slide quizzes containing images of different PED subtypes, whether in the form of OCT, fundus photographs, fluorescein
angiography (FA) or indocyanine green angiography (ICGA), would be useful for evaluating fourth-year students’ ability to
analyze results of these diagnostic tests and to generate a list of reasonable differential diagnoses based on what the images
reveal. After a set of differentials is formed, students should be able to identify the concomitant ocular and systemic
manifestations a patient may exhibit for each differential diagnosis.
Finally, assessing students’ ability to formulate an effective treatment and management plan can be accomplished by written
and/or oral exercises For example, students can document their assessment and plan in a format similar to those in clinical
charts, or organize a doctor-patient role-play during which they would provide their patients with exam findings, treatment
plans and follow-up intervals.
Discussion
Classification and pathophysiology
PED, which occurs when the RPE and Bruch’s membrane separate, can be classified as turbid, hemorrhagic and serous.
Additional subtypes based on differing classification systems and underlying pathophysiology include drusenoid,
pseudovitelleform, fibrovascular and vascular.8,9 Currently, the pathological process behind PED is not well-defined and
involves myriad pathways.10 It has been proposed that detachment of the RPE from Bruch’s membrane occurs when normal
retinochoroidal flow, which is maintained by a net fluid and pressure gradient traveling from the vitreous towards the outer
retina, is disrupted. Disturbance of normal chorioretinal osmotic gradients can occur when the choriocapillaris becomes
hyperpermeable, as in cases of CSR, or when neovascular vessels leak, as in the setting of wet AMD. Hemidesmosome
attachments between the RPE and its basement membrane may also become compromised when hydraulic forces in the eye
are altered, further weakening the structural bond between these layers.4
While PED is non-specific in nature, it is most commonly observed in wet AMD.4,9 Serous PED, in contrast, has been
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hypothesized to be a variant of CSR, though several PED subtypes can exist simultaneously and are termed “mixed PED.”8,11
PTSD patients may be more prone to developing CSR due to increased levels of norepinephrine in their systems. If these
individuals lack proper coping skills and address depression and anxiety with excessive alcohol intake, they may become even
more susceptible to retinal disease as multiple, possibly synergistic risk factors would be at play in their ocular and systemic
health. The patient in this case was asymptomatic, but many individuals with similar PED presentations complain of blur,
metamorphopsia,and shadows or darkening of vision.4
Diagnostic testing
OCT is an effective tool for characterizing different PED subtypes. On OCT, serous PED appears optically empty and underlies
a hyper-reflective band of RPE, whereas turbid and granular sub-RPE spaces usually indicate the presence of drusenoid and
fibrovascular material.9,11 Fundus autofluorescence (FAF) is also useful for classifying and delineating PED lesions. The serous
type features a hyperfluorescent lesion with a hypofluorescent border, while drusenoid PED are either isofluorescent or
hyperfluorescent and may be seen with irregular, hyperfluorescent patches corresponding to pigmentary migration.12 Although
OCT and FAF are non-invasive techniques that have been shown to outperform FA in many cases, determining a definitive
etiology and prognosis for PED are still successfully achieved with FA and ICGA ― gold standard diagnostic tests for cases
involving questionable subsensory and sub-RPE fluid.9,12 In the case of our patient, however, IGCA was not acquired because
the retina specialist deemed the PEDs low-risk for spreading or causing visual degradation, and the localized pocket of SRF
was being addressed with anti-VEGF injections.5,9,13
On FA, serous PED presents as a well-circumscribed area of progressive and evenly distributed hyperfluorescent pooling,
whereas slow, irregular filling on FA is consistent with fibrovascular PED.4,9,12 Due to blockage of fluorescent signal from the
choroid in cases of drusenoid PED, ICGA scans appear hypofluorescent during the entire transit time. ICGA images of vascular
PED show an area of hyperfluorescence, referred to as a “hot spot,” which is suggestive of an underlying neovascular
membrane. ICGA scans of serous PED are characterized by mild hypofluorescence in late stages due to obstruction of choroidal
signals.4
Differential diagnosis
A lack of concomitant ocular findings in our patient led to a working diagnosis of idiopathic, bilateral, multifocal retinal PEDs.
AMD, while on the list of differential diagnoses given its common association with PED, was less likely due to the absence of
central drusen and pigmentary mottling found in earlier stages of this progressive condition. PCV, which has been proposed to
be a subset of AMD and is often associated with multifocal PED secondary to the formation of choroidal aneurysms, typically
presents with additional findings including orange bulb-like nodules, exudates and submacular retinal hemorrhages, none of
which this patient exhibited.5,14
Hypertensive choroidopathy, another potential etiology of PED formation, tends to occur in younger patients with histories of
sudden spikes in blood pressure related to life-threatening conditions such as preeclampsia and renal hypertension.9,15
Accompanying ocular findings include arteriole narrowing, retinal hemorrhages, cotton wool spots, optic disc edema, Elschnig
spots and Siegrist streaks.15 Considering this patient’s history of controlled hypertension, age and otherwise normal ocular
exam, hypertensive choroidopathy was lower on the list of differentials.
Interestingly, PTSD, a mental health condition stemming from traumatic life experiences that can lead to recurrent panic
attacks, prolonged anxiety and depression16 as well as alcohol abuse ― both conditions this patient suffered from ― have been
suspected etiologies in some reports of multifocal PED. A study published by Roberts and Haine described observations of
multifocal PED possessing similar features to CSR in psychologically distressed patients.17 Lumbroso et al. observed that
serous PED, which is consistent with this patient’s retinal profile, presents in conjunction with CSR more frequently than other
forms of PED, such as multilobular, granular or drusenoid lesions on OCT ― findings more commonly seen in AMD.11 Pan et al.
established that endogenous levels of the catecholamine norepinephrine, which plays a role in the CSR disease process, are
elevated in PTSD patients compared with psychiatrically healthy patients.18 Other studies have demonstrated that individuals
with poor stress coping mechanisms, including alcohol abuse, are also more likely to exhibit CSR.18 Regarding the effects of
alcohol, Gkotsi et al. introduced a rare case of bilateral multifocal CSR in a patient with alcohol liver disease, hypothesizing
that a damaged liver alters fluid homeostasis and choroidal autoregulation while increasing oxidative stress on retinal
vasculature.19
Although the precise cause of bilateral multifocal PEDs in our patient was unclear and labeled idiopathic in nature, his medical
health history of PTSD and alcohol abuse led us to conjecture that a pathophysiological process similar to that of CSR was at
play in the alteration of his retinal anatomy and integrity.
Treatment and prognosis
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Elucidation of the underlying cause of PED can aid in determining an appropriate treatment plan for patients. If patients are
asymptomatic and do not present with complaints characteristic of underlying systemic conditions such as VKH, and if there is
lack of co-existing retinal findings, such as those pathognomonic for AMD, PCV and hypertensive choroidopathy, intervention
may not be warranted.2,8 Results of the Prospective OCT Imaging of Patients with Neovascular AMD Treated with Intra-Ocular
Lucentis (PrONTO) study showed that PED does not readily respond to anti-VEGF injections when compared with cystic IRF or
SRF. It also does not act as a limiting factor in the final visual outcome of patients with neovascular AMD.20,21 Therefore,
observation is a valid management option for PED patients who do not present with neurosensory retinal edema.
Conversely, the PrONTO study confirmed that resolution of IRF or edema within the retinal layers, and SRF or fluid between
the neurosensory retina and the RPE, did correlate with improvement in BCVA in study subjects.20,21 This understanding
prompts retinal specialists to recommend anti-VEGF therapy in cases of PED with associated SRF, as was observed in the right
eye of the patient in this case. The presence of SRF indicates that there has been breakdown of the outer blood-retinal barrier
due to RPE decompensation, which warrants anti-VEGF therapy to prevent risk of vision loss and metamorphopsia.4,8 If a PED
is suspected to be secondary to another ocular or systemic condition, appropriate testing, referrals and therapies should be
initiated in a timely manner.
Anti-VEGF therapy acts by inhibiting the angiogenic pathway triggered by vascular endothelial growth factors, cell mediators
required for new blood vessel formation. Overproduction of VEGF can lead to pathological neovascularization and
hyperpermeability of vessels, resulting in leakage and subsequent retinal edema in an ocular setting.10,22 By mitigating this
process with anti-VEGF agents, neovascularization and its resulting complications can be controlled. This line of therapy has
been shown to be more effective than verteporfin photodynamic therapy (PDT) in improving final BCVA.10,22 Kumar et al. found
that aflibercept was superior to ranibizumab in non-responsive patients.23 Refractory cases of PED in the context of long term
anti-VEGF treatment, however, often need to be managed with adjunctive PDT, which selectively kills unhealthy blood vessels
through laser activation of an injected photosensitive drug with an affinity for vascular endothelial cells. Laser application postverteporfin injection leads to inflammation and thrombosis of leaky vessels, halting their pathologic activity.6,24
Visual prognosis in extrafoveal cases of PED tends to be positive.2 Acute presentations that self-resolve or respond well to
therapy result in little vision loss. Chronic and refractory cases that lead to fibrotic changes in the retina (especially
subfoveally) and those associated with IRF and SRF, however, can impact visual acuity, sometimes permanently. Closely
observing these patients is crucial for the preservation of their sight and quality of life.
Conclusion
Bilateral extrafoveal presentations of PED, as seen in this case, are rare. AMD, PCV, CSR, hypertensive choroidopathy and
choroidal infection and inflammation are among differential diagnoses to consider. Due to the non-specific nature of PED, it is
important to consider the patient’s overall health and medications as well as ocular and systemic histories to arrive at an
accurate diagnosis. In this patient’s case, it was hypothesized that PTSD and alcohol abuse may have played a role in the
pathogenesis of the atypical PED lesions noted during the initial exam. This theory, however, is speculative given the amount of
research that is still required to clarify the disease process of multifocal PED. FA and IGCA were not obtained during this
patient encounter, but the retina specialist elected to follow a treatment plan involving anti-VEGF injections and short followup intervals due to concomitant SRF findings. Serous PED that spares the fovea and has no detectable CNVM can often be
observed without treatment.8,21
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Background
Hypertension (HTN) is a common systemic condition affecting more than 70 million people in the United States with a global
age-standard prevalence of approximately 30%.1 Left untreated, this condition is responsible for significant cardiovascular
disease (CVD) and premature death as a result of end organ damage.1 The increasing complexity of patient care and health
system fragmentation make interprofessional collaboration more important than ever.
Case Description
A 55-year-old male presented to a community health center clinic with complaints of gradual onset, bilateral blur at near with
and without correction over the past several months. He had been using +2.50 over-the-counter reading glasses, which
previously helped but no longer did. He had no visual complaints at distance. He was not experiencing diplopia, flashes,
floaters, burning, itching, redness or tearing.
The patient’s last eye exam was three years ago in Haiti, and he had no history of ocular trauma or surgery. His last medical
exam was approximately two months prior, and he was a newly established patient to the health center, having recently moved
from Florida. His medical history was positive for HTN, although he was unsure how long he had the disease. He was seen by
his primary care physician (PCP) two months prior to the eye exam and was restarted on hydrochlorothiazide (HCTZ) 25 mg
once a day (QD). According to the patient’s medical record, his PCP was considering adding amlodipine if his blood pressure
(BP) was not well-controlled on HCTZ alone. At the time of the eye exam, the patient had not taken his medication for the past
two weeks because he was on vacation.
The patient had no known drug allergies. His social history was remarkable for former smoking (quit 20 years ago) and
drinking alcohol regularly. He was drinking approximately four drinks per day, down from six per day. He was trying to cut
down on his own, with a goal of one per day.
His entering uncorrected distance visual acuities were 20/80 OD and 20/100 OS. Entering corrected near visual acuities were
20/50 OD and 20/63 OS. Pupils, extraocular muscles and confrontation visual fields were unremarkable. Manifest refraction
findings were +1.75-0.50×090 OD and +2.00-0.50×090 OS, with best-corrected distance visual acuities of 20/25+2 OD and
20/20 OS. His near ADD was +2.25 with 20/20 OU near visual acuity.
Anterior segment findings revealed corneal arcus 360 degrees OU. All other anterior segment findings were unremarkable OU.
Intraocular pressures were 19 mmHg OD and 20 mmHg OS with Goldmann applanation tonometry.
Dilated posterior segment findings revealed trace nuclear sclerotic cataracts OU with additional 1+ anterior cortical cataracts
with spoking into the visual axis in the right eye. Optic nerves appeared pink, round and healthy with 0.4 cupping OU. The
maculae were flat and there was mild arteriolar attenuation OU, indicating stage one hypertensive retinopathy. The peripheral
retina OU was flat and intact with no holes or tears.
Knowing the patient had not been taking his HTN medications, we checked his BP in-office. The BP reading (right arm, sitting)
was 218/135 mmHg. Because the eye clinic is in a multidisciplinary health center, we contacted Urgent Care to speak with a
medical provider and, subsequently, walked the patient down to the Urgent Care department to expedite his care. All
healthcare providers at the health center share the electronic health record, Epic, and are able to see each other’s records.
They also regularly message each other directly through Epic to discuss patient care, ask questions or make requests
regarding shared patients. There are also instances when providers may walk to another clinic to have a face-to-face discussion
about a patient, but that did not occur in this case. Because the patient faced frequent challenges managing his medication
regimen, having access to his health records allowed the providers to obtain a clearer picture of his medication changes and
fluctuating BP measurements, which proved helpful in managing his ocular health.
Urgent Care gave the patient clonidine 0.1 mg in-office and restarted him on HCTZ 25 mg PO QD. They also started him on
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amlodipine 2.5 mg PO QD. Patient education included discussion of diet, exercise and alcohol restriction.
The patient was advised to return to the eye clinic in
one year to monitor his retinopathy because,
although he was currently in a hypertensive crisis,
his level of retinopathy was mild and indicative of
chronic, rather than acute, HTN. He was educated
that if he noticed any changes in his vision within
the next year, including new onset blur, to return to
the eye clinic right away for evaluation. The patient
was also educated regarding the presence of
cataracts OU with a slight impact on vision in the
right eye compared with the left and advised to wear
ultraviolet-protective eyewear when outdoors. He
was given the glasses prescription found that day
and educated regarding potential adaptation to the
new prescription because it was his first pair of
prescription eyewear.
Following the visit to Urgent Care, the patient saw
his PCP two times for adjustment of his HTN
medications. Losartan was added, and amlodipine
was discontinued. However, one month later the
patient was seen in the dental clinic with elevated
BP again. The patient was sent to Urgent Care, and
his BP at that time was 190/110. At Urgent Care, it
was discovered that there was a misunderstanding
at the last PCP appointment, which led the patient to
discontinue both the HCTZ and amlodipine instead
of only the amlodipine. Medications were reviewed,
and he was educated to take both the HCTZ and
losartan. The provider in Urgent Care also discussed
the link between alcohol consumption, BP and end
organ damage.
Over the next 10 months, the patient was prescribed
HCTZ, losartan, amlodipine and diltiazem in varying
dosages and followed closely by his PCP, who
adjusted the medications until sufficient BP control Table 1. Click to enlarge
was achieved. A summary of patient visits can be
found in Table 1.
Six months after his initial eyecare visit, the patient was seen in the dental clinic with elevated BP again. The patient was sent
to Urgent Care, and his BP at that time was 160/101. He had been taking the HCTZ and losartan, but thought he was supposed
to stop the diltiazem. He was restarted on the diltiazem at that time. Eventually, BP control was achieved with the following
medications: HCTZ 25 mg QD, losartan 100 mg QD and diltiazem HCl 300 mg QD.
One year after the initial eyecare visit, the patient presented for his yearly eye exam. Exam findings were stable from the
previous exam. Best-corrected visual acuity remained 20/25+2 OD and 20/20 OS, and the cataract did not progress into the
visual axis any further OD. There was no worsening of the hypertensive retinopathy. The patient’s BP was well-controlled, and
he was continuing to work on reducing his alcohol intake. He was currently consuming approximately one beer per day.
Education Guidelines
Key concepts
1. Optometrists can be part of interprofessional collaboration in the management of chronic diseases such as HTN
2. Optometrists are obligated to keep up with changing practice guidelines for ocular and systemic conditions
3. Discussions regarding lifestyle and/or medication management of HTN can take place in the optometrist’s office
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4. All optometrists should know the clinical manifestations and treatment and management options of hypertensive retinopathy
5. Analysis of optical coherence tomography angiography (OCT-A) can be used to detect retinal microvascular changes
associated with HTN
Learning objectives
At the conclusion of this case report, readers should be able to:
1. Research updated HTN management guidelines with evidence-based medicine and differentiate between previous and
current BP guidelines
2. Articulate retinal microvascular changes in patients with HTN without significant retinopathy
3. List the risk factors for the progression of hypertensive retinopathy
4. Define and explain interprofessional collaboration
5. Identify pertinent eye exam findings to be communicated to a patient’s managing physician
6. Communicate with healthcare providers outside of eye care regarding a patient’s systemic health status
Discussion questions
1.
2.
3.
4.
5.
6.
7.
8.

What are examples of end organ damage that have been identified as a result of uncontrolled HTN?
How can HTN impact ocular health and function?
What potentially lethal systemic complications are associated with hypertensive retinopathy?
How does the World Health Organization define HTN?
What factors impact the reliability of automatic and manual BP measurement?
How can OCT be applied in the diagnosis and management of hypertensive retinopathy?
What is optometry’s role in the multidisciplinary approach to patient care?
Why is communication such an important feature of interprofessional collaboration and what barriers/challenges to
collaboration exist?
9. How did interprofessional collaboration help aid in the care of this patient?
10. What are some factors that impact medication adherence for patients with HTN and which factors did this patient
experience?
Learning assessment
Students may be:
●

●

●
●

●

Broken into small groups and tasked with finding current and past BP guidelines (A discussion can then be facilitated to
identify the differences in diagnostic criteria and treatment recommendations)
Broken into small groups and tasked with researching various opinions, cautions and recommendations regarding potential
overtreatment of HTN and factors that might mitigate or exacerbate such incidents
Assigned to research journal articles on the topic of OCT-A and its use in assessing hypertensive retinopathy
Tasked with writing a letter to a patient’s PCP or an Urgent Care physician explaining the ocular exam results and in-office
BP findings
Assigned roles as patient and doctor and role-play a scenario in which the doctor obtains details related to medication
adherence from the patient utilizing the factors in Table 2

Discussion
Anatomical changes that occur as a result of hypertensive end organ damage have been identified in the heart, brain, kidneys
and retina.2 The pathology observed in each of these organs shares a common mechanism of arterial damage and
atherosclerosis, which means the clinical appearance of the ocular fundus vasculature as a result of HTN likely mimics the
changes taking place throughout the rest of the body.2
Currently, the pathophysiology of HTN is widely understood under a “mosaic theory” model due to the multifactorial nature of
the condition.3 Several modifiable risk factors, such as high sodium intake, low potassium intake, excessive alcohol intake and
obesity, have been found to have a causal relationship with elevated BP.1 While African and Hispanic Americans have a
significantly higher age-standardized prevalence of HTN, there is no evidence to support that this disparity is a result of
genetic factors.1 A growing body of evidence also shows that systemic HTN does not often occur in isolation and is typically
accompanied by other diseases such as diabetes.3 Because HTN is such a complex and multivariate process, it is often
impossible to point to one specific etiology for each patient who develops this condition. Regardless of how HTN developed in
an individual patient, lowering BP with oral medication is the mainstay for decreasing the risk of premature death from end
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organ damage.
Optometrists are understandably most concerned with the eye as it represents end organ damage from HTN. Long-term
uncontrolled elevated BP leads to vasospasm of the retinal arterioles as well as progressive intimal thickening, hyperplasia of
the medial wall and hyaline degeneration,4 which the clinician observes as arteriolar narrowing and artery-vein nicking. If BP
remains high for a long enough period of time, the blood-retinal barrier breaks down, which leads to exudation, retinal
ischemia and optic nerve head elevation. Current therapeutic strategies involve addressing the underlying pathologically
increased BP, and oral anti-hypertensive medications are almost always prescribed by PCPs.
However, the role of the eyecare provider does not end with the ocular manifestations of HTN. In patients with minimal
hypertensive retinopathy, the early detection of uncontrolled HTN is even more important to prevent other end organ damage
because the microvascular changes the optometrist observes in the retinal vasculature likely mirrors the microvascular
changes that take place throughout the body. The American Heart Association identifies CVD, heart failure and stroke as the
most significant sequelae of this damage.5 Increasing evidence suggests that the presence of hypertensive retinopathy is an
independent risk factor for cardiovascular dysfunction.6 Additionally, the presence of hypertensive retinopathy has been
associated with an increased risk of potentially lethal complications of ST-segment elevation myocardial infarction (STEMI)
thrombolysis.7 Furthermore, one study of 2,907 participants showed a significant association between hypertensive retinopathy
and stroke.8 These correlations of hypertensive retinopathy with potentially lethal systemic complications underscore the
importance of ensuring that the patient’s BP is under control, in addition to not adversely affecting their ocular health.
In-office blood pressure measurement
To adequately address the potential implications of hypertensive retinopathy for the patient, a holistic approach is indicated.
For the eyecare provider, this means checking systolic and diastolic BP in-office. The World Health Organization defines HTN
as a systolic BP of greater than 140 mmHg and/or a diastolic BP of greater than 90 mmHg.9 A manual or automatic wrist cuff
may be used as a screening tool in-office to obtain reliable results. Despite anecdotal claims that automatic wrist cuffs
overestimate BP, a meta-analysis in 2019 concluded that when used appropriately, automatic BP measurements conducted inoffice are actually more accurate and repeatable than manual BP measurements in identifying patients with possible HTN.10
However, this accuracy is predicated on proper measurement conditions, and the most reliable results are obtained when the
patient is sitting with their legs uncrossed and arm supported at heart level.11 Several studies have also emphasized the
importance of cuff size, as cuffs that are too small tend to overestimate BP regardless of whether manual or automatic
measurements are taken.3
The Joint National Committee (JNC) developed one of the most widely cited set of guidelines for the management of HTN.
However, there is no paucity of recommendations, as the American Heart Association acknowledges nine other hypertensive
treatment recommendations in addition to the JNC 8.5 While this abundance of guidelines may make it difficult for eyecare
providers to gauge whether their patient’s HTN is “controlled,” these guidelines generally follow the trend of aiming for a BP
less than 140/80, with more aggressive goals aimed at patients with diabetes and chronic kidney disease.
Ancillary testing
OCT is a useful tool for monitoring the progression of hypertensive retinopathy and is especially valuable in its ability to detect
the presence of macular edema. Intra-retinal fluid and subretinal fluid may be observed and indicate the presence of severe
hypertensive retinopathy.12 This fluid typically accumulates around the optic nerve head or around arterioles, but may extend
further if BP is elevated beyond a systolic reading of 240.12 Changes from HTN may also be visualized in the choroid, and OCT
with enhanced-depth imaging has revealed a substantial increase in choroidal thickness in eyes as a result of systemic HTN.12
More recently, OCT-A has been used to detect and follow microvascular changes in the retina. OCT-A has the ability to detect
minute changes in vessel density and the superficial retinal microvasculature.13 Preliminary research has revealed that patients
with HTN show changes in these parameters, which may be a more objective and measurable way to follow these patients over
time.14 As our understanding of this technology progresses, OCT-A could be used to supplement systemic medical management
with the potential to spare patients the complications of more severe organ damage. For example, one study found a significant
association between retinal vessel diameter and coronary artery stenosis.12 These findings indicate the potential of OCT-A to
aid in the risk calculation for myocardial infarction. OCT-A was not available in the clinic where this patient was seen, but as
the technology becomes more widely available it will be a consideration in the management of patients with HTN.
Interprofessional collaboration
The terminology related to interprofessional collaboration is variable. For purposes of this discussion, interprofessional
collaborative care will be defined as “the provision of comprehensive health services to patients by multiple caregivers from
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different professions who work collaboratively to deliver quality care within and across settings.”15 For this case study, the
manner in which clinicians worked to meet the needs of this patient was as a multidisciplinary team. This has been defined as
“situations where several different professionals work on the same project but independently or in parallel.”16
In addition to the ocular health care of the patient, this case has several aspects that can and should be elaborated. First, the
number of visits to healthcare providers during a 14-month period to address a single healthcare issue is voluminous. The
summary of visits provided in this case study is not exhaustive, meaning that this patient had even more healthcare visits
during the period covered. Second, an interprofessional group of clinicians was involved in the identification, treatment and
management of this patient’s HTN. Third, adherence to the treatment regimen recommended to this patient was difficult, and
several factors contributed to this. Lastly, optometrists are part of the healthcare system and should participate in facilitating
care on behalf of their patients.
The triple aim in healthcare refers to addressing the patient experience, population health and healthcare costs.17 As such, the
integration and coordination of care has become a growing area of focus. Improved patient care outcomes, particularly for
chronic diseases such as BP control for HTN, and adherence to medication regimens have been fostered through
interprofessional collaboration.15
Being co-located in the same building, the optometry and dental clinicians were able to facilitate timely care through referrals
to Urgent Care when the patient presented in hypertensive crisis. Urgent Care clinicians managed the patient’s acute needs
and the PCP and nurse collaborated for chronic care. One study would classify this multidisciplinary approach as collaboration
via referral and counter-referral.18 While optometrists can be valuable members of a multidisciplinary team communicating in
real time, according to a 2017 survey by the American Optometric Association, only 14% of respondents practiced in a
multidisciplinary setting.19 This increases the likelihood that collaboration via referral and counter-referral is more likely for
practicing optometrists in siloed environments. This emphasizes the importance of developing and maintaining healthy referral
relationships with other healthcare practitioners.
Other team approaches to care include those which are interdisciplinary and transdisciplinary, indicating elevating levels of
coordination and shared decision-making. One study identified themes related to interprofessional collaboration including
communication and clinical interaction, shared philosophy, power and hierarchy, physical environment and financial
considerations.20 Barriers to collaboration are also related to these themes. Lack of understanding of the roles and
responsibilities of other health professionals, entrenched perception of hierarchy and power dynamics, lack of trust related to
perceptions of competency, physical separation impeding the ability to communicate, and lack of time to facilitate collaboration
have all been reported as barriers.21–23
Interprofessional communication
Interprofessional communication is a specific area of concern for interprofessional collaboration. In addition to having an
underlying understanding of provider roles and a shared vision or philosophy, the general approach to patient care may
vary.21–25 For example, a holistic approach rooted in emotional intelligence taught in nursing school is more likely to differ from
an objective, structured, succinct approach taught in medical schools.24 It is, therefore, important to understand one’s audience
and adjust accordingly when communicating patient findings. However, there is less coverage in the published literature on
how other clinicians, such as optometrists, dentists, pharmacists, etc., are taught and what their preferences are regarding
communication. Additional studies in this area would be beneficial.
Medication adherence
The patient in this case study had difficulty adhering to the medication
regimen because of frequent changes, running out of refills and
difficulty obtaining a medication due to insurance issues. Five
categories have been identified as factors that may impact medication
adherence.26 These categories of factors include sociodemographics,
healthcare team/healthcare system, therapy-related, condition-related
and patient-related (Table 2).26,27 Of the factors impacting this patient,
those that were therapy-related included the complex medication
regimens and treatment changes, while those involving the healthcare
system were access to and cost of care, and those involving
sociodemographics were unstable housing and lower income. While
these are factors we may be aware of, there are many factors listed in
the table, notably those in the healthcare system column and patient- Table 2. Click to enlarge
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related column, that could be significantly impacting our patients’
perceptions of care. It is important for the clinician to keep the many
challenges to adherence in mind when interacting with patients,
counseling/educating patients on their medications, and/or
troubleshooting barriers to care.
Conclusion
A significant amount of interprofessional collaboration was required to coordinate the management of this patient’s BP and
overall health status. Monitoring of the patient’s BP, timely verbal communication between staff and providers, and prompt
referrals between clinics facilitated necessary and appropriate care. Each provider played a vital role in delivering a consistent
message regarding the importance of medication adherence, balanced diet, exercise and reduced alcohol consumption via
verbal and written patient education at each visit. Eventually, this collective effort resulted in effective stabilization of this
patient’s BP. This case highlights the important role optometrists can and should play in caring for the whole patient in
addition to caring for their ocular health.
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Background
While the primary focus of eyecare providers is to provide treatment and care for the structures confined within the orbital
area, clinical findings that necessitate a systemic intervention often may arise. Ocular ischemic syndrome (OIS) is a prime
example of a serious ocular condition that sometimes can signal severe systemic neurological damage. With the proper team in
place, a patient’s overall well-being can be enhanced. We present a case report of a 65-year-old male with chronic OIS and
accompanying complete stenosis of the left internal carotid artery (ICA). Furthermore, we review the epidemiology,
pathogenesis, signs, symptoms, differentials, diagnostic and ancillary testing available, as well as both systemic and ocular
treatment options. The intended audience is third- and fourth-year optometry students, optometry residents and current
practitioners.
Case Descrption
A 65-year-old African American male presented to clinic for a routine eye exam with a chief complaint of blurry vision at near
and some dryness symptoms. His previous ocular history was unremarkable with his last exam being two years ago. Personal
eye history was void of any injuries or surgeries. His personal medical history was significant for carotid artery stenosis,
dyslipidemia, essential hypertension, cerebral infarction, peripheral vascular disease, chronic periodontitis and neoplasm of
the tonsils. His medications included atorvastatin, clopidogrel, metoprolol and nifedipine.
Entrance testing, including cover test, extraocular muscles, confrontations, pupils and visual field screener, were all normal.
With an updated refraction, the right eye was correctable to 20/20 while the left eye was correctable to 20/25+2. Intraocular
pressure (IOP) was 16 mmHg in both the right and left eye. Anterior segment findings were within normal limits in both eyes.
Posterior segment findings were significant for dilated veins and extensive dot-blot hemorrhages in the mid-periphery of the
left eye (Figure 1A). The right eye did not demonstrate any retinopathy. The patient was tentatively diagnosed with OIS in the
left eye and referred for carotid ultrasound. He was instructed to return to the eye clinic for a fluorescein angiogram (FA).
The patient returned approximately a month later and had best-corrected visual acuity (BCVA) of 20/40 without improvement
from pinhole in the right eye and 20/70 with pinhole improvement to 20/30 in the left eye. Gonioscopy was performed at this
time and no neovascularization of the angle or iris was identified. IOP at this follow-up visit was 18 mmHg in the right eye and
12 mmHg in the left eye. Anterior and posterior segment findings were stable since the previous exam. Carotid ultrasound
results were reviewed with findings of persistent complete occlusion of the left ICA and 50% stenosis of the right ICA (Figure
2). On FA right eye findings were inconspicuous, while the left eye showed leakage at the macula, patchy areas of ischemia in
the periphery, and delayed choroidal and retinal arteriovenous filling times (Figure 1B). At this time the patient was
simultaneously being evaluated by his cardiologist and vascular surgeon who decided to continue to closely monitor him
instead of recommending surgical intervention for his stenosis. The patient was subsequently lost to follow-up for a couple of
years before returning with BCVA in the right and left eye of 20/40. IOP at that visit was 18 mmHg in the right eye and 14
mmHg in the left eye with mid-peripheral hemorrhages still visible on fundus exam of the left eye. Other anterior and posterior
findings were similar to previous findings. Throughout the years, findings in this patient have remained relatively stable with
mild improvements in retinopathy of the left eye and without the development of neovascular complications. IOP has also
stayed within normal range and is relatively symmetric between eyes. Surgery has continuously been deferred, and the patient
is monitored annually by his vascular surgeon.
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Figure 1. A: Ocular ischemia in the left eye of a 64-year-old male.
The retina exhibited mid-peripheral hemorrhages, dilated veins and
narrowed arteries. B: Fluorescein angiography of the same eye.
Click to enlarge

Figure 2. Carotid duplex ultrasound showing complete occlusion of
the left internal carotid artery in a 64-year-old male.
Click to enlarge

Education Guidelines
Learning objectives
1. Become familiar with the ocular manifestations of OIS
2. Become familiar with the systemic manifestations of OIS
3. Understand that ocular manifestations of OIS may be the first sign of a potentially life-threatening underlying health
condition
Key concepts
1. Understand the pathophysiology of OIS
2. Become familiar with the optometrist’s role in diagnosis
3. Become familiar with how to manage patients with OIS
Discussion questions
1.
2.
3.
4.
5.
6.

What is the pathogenesis of OIS?
What are the symptoms of OIS?
What are the clinical signs of OIS?
What are some differential diagnoses that should be considered in cases of suspected OIS?
What are some ancillary tests that could be performed to aid in the diagnosis of OIS?
What ocular and systemic treatment is indicated for patients with OIS?

Literature review
OIS is a condition found more commonly in the elderly at a mean of 65 years of age.1 It is rarely seen in those younger than 50.
Additionally, there is a stronger male predilection; men are affected twice as often as women. This has been associated with an
increased incidence of underlying atherosclerotic disease in males. Moreover, OIS tends to be unilateral in the majority of
cases. No major differences in racial incidence have been recognized.
Discussion
Teaching instructions: The authors recommend that participants read each discussion question and attempt to answer before
reading the answers provided in the text. Participants may work individually or together in small groups. Learning objectives
may be assessed by comparing participants’ responses to the answers provided.
What is the pathogenesis of ocular ischemic syndrome?
Atherosclerotic disease has been identified as the primary culprit in the development of OIS. Other less common causes
include Bechet’s disease, giant cell arteritis, aortic arch syndrome, Takayasu arteritis, carotid artery dissecting aneurysm and
fibrovascular dysplasia.2,3 Case studies have demonstrated that OIS also may develop from complications from radiotherapy of
nasopharyngeal carcinoma or after intravitreal injections of bevacizumab.4,5 Another recent case study reported OIS leading to
blindness after botched facial filler injections.6 Frequently found comorbidities contributing to the patient’s poor overall
cardiovascular health include hypertension and diabetes mellitus.7 Moreover, systemic vascular diseases such as ischemic
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heart disease, peripheral vascular disease, history of transient ischemic attacks or prior cerebrovascular accidents are
commonly a part of the patient’s medical history.
Patients who develop OIS are
likely to have a 90% stenosis of
the ipsilateral common carotid
artery or ICA leading to ocular
hypoperfusion.8 In 50% of cases
the artery may even be completely
stenosed. Poor collateral
circulation between the internal
Table 1. Click to enlarge
and external carotid or between
both ICAs have been
demonstrated to increase the risk
of development of OIS.2,9 Some
studies have shown that those
with well-developed collateral
circulation may have complete
obstruction of the ICA without the
development of OIS.10 Conversely,
other patients with poorly
developed collateral systems and
as low as 50% stenosis of the ICA
may go on to develop this
condition.1,2,9 While the severity of
occlusion may be clinically
significant, OIS may be the initial
manifestation of carotid stenosis
in some patients. Additionally,
these patients may suffer from
further exacerbation of retinal
ischemia when blood flow is
reversed and shunted away from
the eye through the ophthalmic
artery (OA) into the intracranial
circuit in what has been termed
steal phenomena.11,12 Irrespective
of the cause of the altered blood
flow dynamic, the results are
reduced central retinal artery
pressure producing low perfusion
pressure and decreased blood flow
to the orbit ensuring widespread
ocular hypoxia. Table 1
summarizes factors affecting the
pathogenesis of OIS.
What are the symptoms of OIS?
Symptoms in patients with OIS can vary and may even be absent. Vision loss is a common cause for concern that often leads
patients to seek care. Vision changes may arise from optic nerve (ON) damage from secondary glaucoma or from acute to
chronic retinal ischemia.13 This can manifest as either sudden, such as an episode of amaurosis fugax, or slow changes in
eyesight. A retrospective study by Brown et al. found the majority of patients noted a gradual decrease in visual acuity over the
course of weeks to months, while approximately one in eight patients noticed reduced vision over a period of days or minutes.8
In cases of acute vision loss, embolization of the central retinal artery may be responsible.13 The degree of vision loss at
presentation may vary with roughly one-third of patients having visual acuity of counting fingers or worse, 20/50 to 20/200, or
20/20 to 20/50.7 A predictive factor of visual outcomes is acuity at initial presentation, as those with poorer acuity are less
likely to demonstrate improvement and likely will remain stable or deteriorate.9 The presence of neovascularization at the iris
has also been associated with poorer visual outcomes.
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Other visual complaints patients may present with include delayed visual recovery after being exposed to bright light.14 This
may be explained by macular ischemia causing delayed photoreceptor regeneration.14 Additionally, patients with OIS may
experience a variety of visual field defects or may have completely unaffected peripheral vision.1,2,9
Pain can be another common symptom in patients with OIS. The pain may be felt as part of the eye or in the periorbital area
and is commonly associated with the presence of neovascular glaucoma (NVG).1,2,9,13 However, hypoxia to the eye or
surrounding dura mater may also be the cause, especially in the setting of normal IOP. The pain is typically described as dull
with a gradual onset and may be lessened when the patient lies down.2
What are the signs of OIS?
On clinical exam the patient may present with either anterior or posterior segment involvement or both. The most potentially
devastating anterior segment finding is neovascularization of the iris and/or angle.15 This may result in additional complications
in managing the obstruction to aqueous outflow and contribute to the development of secondary glaucoma.1,2 However, due to
extensive ischemia impairing ciliary body function, aqueous production could be reduced, which may cause normal to
hypotonous IOP, even in the presence of neovascularization.15 Additionally, a low-grade inflammatory response may sometimes
be noted in the anterior chamber.2,8,13 This inflammatory response can often be related to an iridocyclitis and is usually mild
with flare outweighing the presence of cells.2 Due to its commonly unilateral nature, patients with OIS may also exhibit an
asymmetrical appearance in cataracts with the more opaque lens ipsilateral to the occluded artery.1,2,9 Moreover, atrophy of the
iris and sphincter muscle may occur, resulting in a fixed and semi-dilated pupil or a minimal, sluggish reaction to light.1,2,13
Further anterior segment findings can include conjunctival and episcleral vessel dilation, scleral melting, synechiae,
spontaneous hyphema, corneal edema and bullous keratopathy (Table 2).1,2

Table 2. Click to enlarge

When the entire eye is not involved, it is more common to observe
posterior segment findings only (Table 2). These may include dilated
retinal veins with narrowed retinal arteries, anterior and posterior
ischemic optic neuropathy, cotton wool spots, retinal arterial
pulsations and chorioretinal atrophy.1,2,15 Retinal arteriovenous
communications may also be identified adjacent to ischemic retinal
areas. Hypoxia from lack of retrobulbar blood flow could produce
ischemic damage to the ON in the context of what can present as
normal-tension glaucoma. Conversely, damage to the ON secondary to
the development of NVG may develop.15 Due to widespread ischemia
and the retina’s production of vascular endothelial growth factor
(VEGF), retinal neovascularization may occur with a higher incidence
at the disc.8 Subsequently, vitreous hemorrhages may develop.
Classically, retinal hemorrhages and microaneurysms are often seen in
the mid-periphery.1,2,15 Microaneurysms may also be observed in the
macula, and in combination with capillary telangiectasias can lead to
macular edema. A cherry-red spot at the macula may alternatively be
found when IOP exceeds the central retinal artery perfusion pressure
in glaucomatous eyes or when an embolus occludes the central retinal
artery.2 More recently, studies have begun to highlight asymmetric
thinning of the choroid in eyes affected by OIS.16,17,18 Very rarely,
orbital infarction syndrome may develop in which the chronic ocular
hypoperfusion affects both the intraocular and intraorbital
structures.1,2

What are some differential diagnoses that should be considered in cases of suspected OIS?
Common differentials that should be considered in cases of suspected OIS include diabetic retinopathy (DR) and central retinal
vein occlusion (CRVO).1,2,19 Important distinctions in clinical presentation may be observed that will help elucidate the proper
diagnosis. Tortuous retinal veins may support a diagnosis of CRVO as this is a feature absent in OIS. In contrast, when
differentiating between DR and OIS, it has been found that intraretinal hemorrhages are generally fewer in OIS vs. diabetes.
Additionally, hard exudates may point toward a diabetic etiology as this is not commonly seen in cases of OIS. However, it is
important to note that OIS may sometimes co-exist with DR. In cases with discernable asymmetric or unilateral retinopathy,
OIS should be considered. If funduscopic findings remain ambiguous, FA may be a beneficial test to help illuminate the true
cause. Important distinguishing findings are choroidal filling defects and retinal arterial stasis that are classically found in OIS
and absent in the other common differentials. Other rare but possible differentials that should be considered include
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autoimmune uveitis and hyperviscosity syndromes.
What are some ancillary tests that could be performed to aid in the diagnosis of OIS?
Diagnosis of OIS is acheived by imaging, particularly of the carotid arteries. Commonly, a non-invasive test such as a carotid
duplex ultrasound is performed to help provide information about both flow and anatomical structure.20 Lumen diameter and
velocity of blood flow are parameters indicative of the degree of stenosis. In conjunction with carotid duplex, color doppler
imaging of the retrobulbar vessels, including the OA, should be considered as should computed tomography angiography and
magnetic resonance angiography.21-23 Flow reversal in the OA has been demonstrated to be a highly specific indication of
extensive ipsilateral stenosis or occlusion. However, it is important to note that multiple factors and possible variabilities in the
vascular network can affect a patient’s propensity to develop OIS in the context of OA blood flow reversal. Additionally,
Yamamoto et al. postulated that assessing flow in the central retinal and short posterior ciliary arteries could help assess risk
for rubeosis iridis development.12 More invasive testing includes carotid arteriography and is usually reserved for select cases.
Aside from gonioscopy and a thorough comprehensive eye examination with dilation, ophthalmic testing that can be performed
in adjunct includes FA. A prolonged arm-to-retina and arm-to-choroid circulation time is an important identifier of OIS.8,10,24 An
extended choroidal filling time is considered the most specific FA sign of OIS. Meanwhile, the most sensitive sign is a
prolonged retinal arteriovenous time. Staining of the major retinal vessels and branches is also commonly observed in the late
stages of testing. Mid-peripheral retinal capillary non-perfusion may be an additional manifestation. Macular edema with
accompanying hyperfluorescence at the optic disc from capillary leakage may sometimes be seen. While FA is more commonly
done, indocyanine green angiography may also be performed. This form of imaging will confirm choroidal circulation
abnormalities. Delayed arm-to-choroid and intra-choroidal circulation time should be observed.25 Vascular filling defects may
also highlight areas of hypoperfusion. Associated findings may include slow filling of watershed zones. Other less commonly
performed studies are electroretinography, visual-evoked potential, ocular plethysmography and ophthalmotonometry.26,27
Recent advancements in technology have catapulted a multimodal approach to more thoroughly studying OIS. In a small study
examining FA, spectral domain optical coherence tomography (SD-OCT), OCT angiography (OCT-A) and fundus
autofluorescence in patients with acute retinal ischemia, a transient occurrence of a highly reflective band superior to or
within the outer plexiform layer on SD-OCT was identified.28 This prominent middle limiting membrane sign was said to be a
retinal ischemia marker of the junction of the retina starved for oxygen between the outer and inner vascular supply.
Furthermore, OCT-A imaging outlined damaged retina by illustrating a loss of flow signal most prominent in both the deep and
superficial capillary plexus of the hypoxic area. Other studies using SD-OCT have identified additional markers of poor
perfusion via intravascular cross-sectional appearance, vessel reflexes, and shadowing patterns of vessels present in OIS
patients.29 Enhanced depth imaging on SD-OCT has also made it possible to identify thinner subfoveal choroidal thickness in
eyes with OIS and in those with symptomatic carotid artery stenosis.16-18 It was speculated that thinning may precede the classic
retinal manifestations of OIS and may be correlated to vascular status of the carotid artery. This could point toward a retinal
vascular insufficiency threshold that causes the signs of OIS to develop after choroidal transformations have already taken
place. Also noted were smaller choroidal luminal and stromal areas with these differences noticeable when comparing the
ipsilateral affected eye in those with OIS or symptomatic carotid artery stenosis to their contralateral eye. Additionally, a
positive correlation between increasing carotid artery stenosis and increased thinning of central retinal thickness, central
choroidal thickness and foveal center choroidal and retinal volume was found.18 However, it should be noted that confounding
variables make these findings on OCT not OIS-specific; therefore, it is best to use a combination of diagnostic tools.
Further advances in imaging technology have made it easier to identify retinal hemodynamic alterations with the non-invasive
methods OCT-A and laser speckle flowgraphy (LSFG). OCT-A can be employed to track changes in the foveal avascular zone as
well as vessel density in OIS patients before and after carotid artery stenting surgery.30 Therapeutic effect was observed
through the increased vessel density and reduced superficial and deep avascular zones measured after surgical intervention.
Meanwhile, another case study demonstrated improvement in macular perfusion via OCT-A findings after an anti-VEGF
injection in OIS patients.31 While FA testing can give useful information, the higher resolution and detail of OCT-A can give in
vivo detailed views of anatomical and topographical changes to vessel morphology throughout the course of treatments.30-32 In
addition, LSFG may help illuminate the microcirculation of the ON and help gauge success of treatment efforts by giving an
indication of retinochoroidal blood flow quantitatively.33 Possible correlations between degree of visual disturbances in patients
with ICA stenosis and the decrease in choroidal blood flow have been speculated, although further studies are required.34,35
Nonetheless, with new explorations in research, LSFG may become a more useful application for assessment of hemodynamic
compromise. Together, these studies demonstrate the potential for further understanding and assessment of changes in ocular
blood flow dynamics in the presence of systemic medical intervention.
What ocular and systemic treatment is indicated for patients with OIS?
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Urgent referrals to a team of doctors are necessary when identifying OIS patients. This includes cardiologists, vascular
surgeons, neurologists and the patient’s primary care physician. Interdisciplinary care involves managing the ocular and
systemic ramifications of patients’ health problems.
Treatment of patients with OIS is heavily focused on managing any potential complications that arise. While some outcomes
may be irremediable and visually devastating, such as central retinal artery occlusion or ischemic optic neuropathy, others
such as neovascularization may be treated. Thus, excess production of VEGF from chronic retinal ischemia is an element that
needs to be mitigated. Neovascularization of the iris, irido-corneal angle, optic disc or retina may surface and necessitates
intervention, particularly to curtail the development of secondary NVG which is often poorly responsive to treatment.36 When
this arises, it can be highly indicative of a poor visual prognosis. Risk factors for development of NVG include length of time
between diagnosis of OIS and initial symptoms as well as the degree of carotid stenosis.15 A method commonly used to
decrease oxygenation demand of the retinal tissue is ablation of the peripheral retina. Panretinal photocoagulation or antiVEGF injections may be considered as treatment options in patients with active neovascularization, though regression is not
guaranteed.37,38 In the event of poor retinal visualization, transconjunctival cryotherapy of the mid- to- far retinal periphery or
transscleral diode laser retinopexy may be considered.1,36
In the event of the development of NVG, which occurs in approximately 50% of cases, both topical and oral medications to
reduce IOP may be initially employed.36,1,2 Topical alpha-2 agonists or beta-adrenergic blockers as well as topical or oral
carbonic-anhydrase inhibitors are recommended as prostaglandins may aggravate any co-existing inflammatory response. In
the event topical and oral therapeutic interventions are unsatisfactory, surgical intervention may be pursued. A trabeculectomy
can be performed in patients with functional vision and more limited angle/iris neovascularization. However, outcomes are
generally guarded due to a low success rate as well as possible intra- and post-operative complications. Another surgical option
that could be explored is an aqueous shunt implant, especially in instances where neovascularization is advanced or
trabeculectomy has failed. If the patient is experiencing pain or has a very poor visual prognosis, partial cycloablation by
cryosurgery or the use of a diode laser may be the appropriate course of action. In instances where the eye still produces
discomfort a retrobulbar injection of alcohol is appropriate for sensory denervation. Meanwhile, in extreme cases of refractory
pain and a blind eye, enucleation or evisceration could be carried out.
When perfusion pressure to the ON is reduced in association with generalized hypoxia of the eye, even a normal IOP may begin
to cause glaucomatous damage.2 In these instances of normal-tension glaucoma, the standard therapeutic approach to
treatment can be utilized barring the presence of any inflammatory activity. If an anterior uveitis is present, the appropriate
course of action would be steroidal anti-inflammatories accompanied by a cycloplegic agent to decrease the chances of a
spontaneous hyphema by restricting iris movement and simultaneously stabilizing the blood-aqueous barrier. In the presence
of macular edema, treatment attempts have included intravitreal injections of anti-VEGF medications and steroids. However,
there is a lack of extensive research studying its efficacy in the context of OIS.31,38,39
Systemic treatment of OIS may necessitate surgical intervention. A carotid artery endarterectomy (CEA) is the more commonly
performed surgery and has been shown to be effective at treating symptomatic and asymptomatic stenosis of varying
degrees.40
The North American Symptomatic Carotid Endarterectomy Trial and the European Carotid Surgery Trial both recommend CEA
in patients with high-grade stenosis (70-99%), but not in patients with low-grade stenosis.41-42 Patients with moderate stenosis
(30-69%) may be considered for CEA.41-42 Carotid artery stenting and arterial bypass surgery are other alternatives available in
select circumstances.2 If successful, carotid revascularization surgery can improve retinal perfusion. In a prospective study by
Costa et al. retrobulbar blood flow was enhanced leading to alleviation of OIS-related ophthalmic findings.43 Neroev et al. also
found ophthalmic improvement in acute OIS patients as well as improvement in electrophysiological parameters of the ON in
some.44 Restored perfusion can improve photostress recovery, visual field defects and dark adaptation and eliminate amaurosis
fugax.11,45 Once blood flow is restored to the eye, OA flow may be reversed to normal. The visual prognosis after improved
hemodynamics can range from stable, to deteriorating to improved eyesight.2,11,44 Visual acuity improvement potential is
greater if systemic surgery was performed prior to the development of iris neovascularization or secondary glaucoma as those
with iris neovascularization are more likely to continue to visually decline.46-49 If bypass surgery is executed during the initial
stages of NVG, a regression of neovascularization of the angle is possible as well as the impediment of further glaucomatous
damage. However, an unpredictable and potentially negative side effect of surgically assisted restoration of ocular blood flow
is an increase in aqueous humor that leads to increased IOP. Reperfusion of the ciliary body may lead to an increase in aqueous
production that is met by fibrous tissue obstruction at the angle or iris. If this were to occur, ocular surgery may be necessary.
Unfortunately, in some cases even though carotid surgery is performed, a patient’s pre-existing chronic vascular comorbidities
may impair the body’s ability to adequately increase retinal perfusion.11,33
In addition to or in place of surgery, patients are often placed on systemic treatment for various comorbidities including
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medications to control their hypertension, diabetes, clotting, coronary heart disease,and atherosclerosis. Moreover, quitting
smoking and reducing weight are recommended.44 Even with treatment, due to the frequently severe underlying systemic
conditions in patients with OIS, mortality rate can be as high as 40% within five years from onset, with cardiovascular disease
and stroke being the main causes.1
Conclusion
Considering that an eye examination may reveal the first signs of a potentially life-threatening underlying health condition,
correctly identifying OIS could be crucial to the survival of a patient. Moreover, catching the early manifestations may help
preserve sight and produce better outcomes. A multimodal approach to monitoring ocular hemodynamics may help eyecare
specialists assess efficacy of systemic treatments. Eyecare providers are an integral part of the interdisciplinary team involved
in a patient’s overall well-being and survival.
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