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Editorial

Reaching Expectations ‑ The Need of the Hour
Authoring scientific articles can be a difficult task for
beginners and experts alike.[1] Mastering the art of effective
communication and scientific writing is a gradual process.
A postgraduate student who actively takes part in conducting
research and contributing journal articles will see scholastic
improvement. Writing an article for a peer‑reviewed journal
is an intellectual challenge. A clear thought process about the
research methodology and effective communicating skills are
vital for progress in academic accomplishments.
It is invaluable to the young trainee to show keen interest right
from the beginning of the postgraduate training in drafting
articles. They should discuss with their mentors at every step of
the way. Steadfastness and perseverance are the most important
qualities that you should have in getting articles published in
scientific journals. These qualities will enable the resident to
reach expectations in the need of the hour.
Success in publishing has enormous professional relevance. It
plays a role in increasing the power of one’s CV, getting ahead
of one’s peers for the next job, and generating a successful
grant award.[2] It can help an academician to reach a higher
academic position.
In three decades, the internet has become inescapably
interwoven throughout our academic and personal lives. The
exponential growth of software applications such as reference
managers and other statistical analysis applications has
revolutionized the scientific paper writing practice. Publishing
and propagating the knowledge the world over has become
near effortless.
However, the transfer of technical skills and the attainment of
the expectations of the journal in writing a scientific article is
only possible through peer‑review. In the peer‑review process,
a group of independent researchers in the relevant area of the
research and editorial board assess the validity and originality
of the study, to publish in the journal concerned. It ensures
intellectual quality and outcome. It fulfills the ultimate object
of the formal best way of communication of a researcher.
And is nothing but, the publication of a technical paper in a
scientific journal.
All postgraduates should write articles in peer‑reviewed
journals and learn the art of the publication process. This makes
professional life more meaningful and enlightens the other
peers. It also gives great professional satisfaction as it helps
in the betterment of patient care and humankind as a whole.[3]
Peer review confers legitimacy not only on scientific journals
and the papers they publish but also on the people, who
publish them.[4] Scientific journal from any organization is
the reflection of the collective intellect. Engaging the younger
generation in this academic tradition is imperative in sustaining

the collective intellectual effort. It is of great implication for
not only the individual scholar involved but also the future
of medicine/any academic area as well. Publishing scientific
facts to answer a research question in a peer‑reviewed journal
is a valuable tool and plays a crucial role to postgraduates and
clinicians to make them stronger in scientific conversation and
improvement of academic skills.
On behalf of the editorial board and myself, I thank
Andhra Pradesh Ophthalmic Society (APOS) executive
members for reposing confidence in us to start a peer‑reviewed
journal in Andhra Pradesh, Journal of Ophthalmology Clinics
and Research (JOCR), as the official publication of the
APOS. We strive to do our best in reaching the escalating
standards of the present ophthalmic journals. We assure the
readers of appropriate, relevant, and apt literature that reflects
the present‑day scenario of cutting‑edge technology and
ophthalmic practices taking place in India and worldwide.
Furthermore, we look forward to publishing the work of young
researchers and encourage them to delve into the world of
scientific writing, peer‑reviewed work, and academic pursuits.
In the upcoming journal, we are going to include review articles,
original articles, and articles on community ophthalmology,
brief communications, case series, case reports, and letters to
the editor. Though print journal issues will come bi‑annually,
the publisher can publish digitally on the web ahead of print.
These articles will have a digital object identifier (DOI) number
and hence, articles can be cited by the others.
A clinician/teacher/researcher communicates and propagates
his knowledge of evidence‑based medicine for the betterment
of mankind through a scientific journal.
At the beginning of the COVID‑19 pandemic, there was little
understanding of the pathophysiology of the disease. Hence,
the death rate was remarkably high. As our understanding
improved with the propagation of knowledge and guidelines
through many journals, it helped in reducing mortality
during the COVID‑19 pandemic. Data from New York City
demonstrated a significant drop in mortality rate from 25.6% in
March to 7.6% in August 2020, even after adjusting for variation
in age, comorbidities, and other patient characteristics.[5] In
India, COVID‑19 second wave took an exorbitant toll. The
cause of the second wave may be that human behavior is the
major factor. State and local governments, as well as individual
people, differ in their response to the pandemic.[6] To relax
the preventive measures, countries must thoroughly revisit
their situations based on scientific evidence.[7] Forecasting
the spread of a pandemic is, therefore, paramount in helping
governments to enforce many social and economic measures,
apt at curbing the pandemic and dealing with its aftermath.[8]
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Thus scientific journals play an important role in propagating
guidelines during pandemics which in turn affect the health
of the world population.
As scientific paper publishing has become mandatory at all
levels, from postgraduates to senior clinicians/teaching staff to
cross the efficiency bar, they should utilize this JOCR platform
as the articles are going to get DOI numbers and citations for
the betterment of their career and also help people of this area
to unravel their ophthalmic problems.
There is no doubt regarding the role of publishers in bringing
about great impact through their efforts in delivering journals
with quality standards, on time, and through effective platforms.
“Research is changing in the developing world with clinicians and
researchers looking for more access to locally‑written content that
is peer‑reviewed and accessible through open platforms,” said
Karen Abramson, President, and CEO, Wolters Kluwer Health,
Medical Research.[9] We are proud to be associated with Wolters
Kluwer publishers whose standards are exemplary.
It is extremely important to have open access to scientific
journals from every corner of the world to allow for the
accessible distribution of applicable scientific content and let
us join hands to elevate global health care through the growth
of this JOCR journal.
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Dick AD. Are we on a voyage to the unknown? Br J Ophthalmol
2002;86:253‑4.
How to Write Peer‑Reviewed Journal Articles. American Academy
of Ophthalmology; 2013. Available from: https://www.aao.org/
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urnal‑articles. [Last accessed on 2020 Oct 23].
Goldbeck‑Wood S. Evidence on peer review – scientific quality control
or smokescreen? BMJ 1999;318:44‑5.
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Guest Editorial

Hope Insight
Introduction
Vision 2020

The right to sight is a global initiative by the International
Agency for Prevention of Blindness and the World Health
Organization for the elimination of avoidable blindness which
aims to increase the volume, quality, and sustainability of
eye care services throughout the world.[1] One of the major
focus areas is to develop human resources in eye care, the
target group includes ophthalmologists; midlevel ophthalmic
personnel, eye care leaders, managers, program managers,
technicians, and community workers. It is an ambitious project
to create worldwide awareness on the magnitude of vision
impairment and demand for quality eye care services as well
as to disseminate knowledge in technology and techniques of
service delivery through conferences, meetings, and journals.
The primary goal is to make high‑quality training available for
all categories of eye care personnel worldwide and high‑quality
comprehensive eye care affordable and accessible to all. The
main strategies of the program include disease control, human
resource development, and infrastructure development.

Vision 2020‑India[2]

Key areas for the program are:
• Cataract
• Childhood blindness
• Refractive errors and low vision
• Corneal blindness
• Glaucoma
• Diabetic retinopathy (DR)
• Trachoma (focal).
India has done remarkably well in building secondary eye care
program that led to reducing the prevalence of cataracts from
80% to 60% within 5 years. Looking back, the success of this
could be attributed to the effective implementation of the cataract
control program funded by the World Bank in seven states of
the country, this being considered the most cost‑effective public
health program funded thus far by the World Bank. This program
which doubled the outputs led to human resource development,
and active participation of nongovernment organizations and
private eye care program leading to synergized partnership,
which resulted in building the required eye care facilities in
many parts of the country. In addition to this, the government
facilitated eliminating import custom duties for the supplies
and equipment/instruments that resulted in reduced pricing of
services, providing subsidies, and also the decentralization of
program management. As a result, blindness due to cataracts is
coming down, and the backlog is reduced.

Although cataract continues to remain the main cause of
avoidable blindness, prevailing, and emerging new categories
of eye problems such as childhood blindness, uncorrected
refractive errors, glaucoma, and DR pose a great threat. In
India, DR is emerging as a very significant cause of vision
impairment.[3] There is no better time than now to concentrate
on DR and bring the problem under control, as we have done in
the case of cataract blindness. However, we have to recognize
that the issues in managing vision impairment due to DR are
different from cataracts. While cataract blindness is curable
by a simple one‑time surgical intervention, DR encompasses
a multitude of problems and can be prevented only if detected
and treated early. It is very encouraging to know that vision
loss due to DR is preventable by taking suitable measures.

The Magnitude of Diabetes and Diabetic
Retinopathy
According to the International Diabetes Federation, globally, an
estimated 463 million adults aged 20–79 years currently living
with diabetes. This represents 9.3% of the world’s population
in this age group. The total number is predicted to rise to 578
million (10.2%) by 2030 and to 700 million (10.9%) by 2045.
The proportion of people with Type 2 diabetes is increasing in
most countries. About 79% of adults with diabetes are living
in low‑ and middle‑income countries. Diabetes mellitus (DM)
has established itself as a pandemic, 77 million people were
affected by diabetes in India in 2019. This figure is estimated to
rise to 134.2 million by 2045. The rapid growth of the diabetic
population is likely to be further fueled by a recent lowering of
the threshold for the diagnosis of DM: The new guidelines of
the American Diabetes Association allow diagnosis of DM at
the HbA1C value of 6.5 mg/dL. This exponential growth in the
incidence and identification of systemic diabetes has projected
DR as one of the leading causes of visual loss globally.
Through various trials (DRS, ETDRS, and DRVS), the
National Eye Institute, Bethesda, USA has established that
laser treatment is beneficial for DR and vitreous surgery may
be beneficial in some. It has been proved by well‑controlled
research studies such as the Wisconsin Epidemiologic Study
of DR, Diabetes Control and Complications Trial, and the
United Kingdom Prospective Diabetes Study that intense
control of hyperglycemia, control of high blood pressure, and
lipid control have a positive and beneficial effect on prevention/
postpone/progression of DR and recently published reports are
supportive of this fact. It is also observed recently that the need
for laser treatment for diabetic macular edema for Type II DM
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has come down to 43% (2001–2006), though the prevalence
of DM has dramatically increased.
The gold standard of treatment for these visual complications is
laser photocoagulation, focal, and scatter patterns, respectively.
Vitrectomy is reserved for the advanced stages of proliferative
DR, i.e., vitreous hemorrhage and tractional retinal detachment.
In recent times, newer drugs have come in, which have helped
improve vision in certain cases. These new drugs are lucentis,
avastin, and triamcinolone administered intravitreally. The
retina specialist after examining the retina will decide the
appropriate drug. This drug is injected inside the eye, which
helps in reducing the swelling of the retina, thereby improving
the vision in many cases.
Various studies conducted in India found that 12%–18% of the
diabetic population will have DR and only 5%–10% of cases
have sight‑threatening retinopathy requiring active intervention
by trained retinal surgeons.[4] Rest will have normal fundus with
good vision and no retinopathy, and hence, need only a periodic
follow‑up by diabetologist and ophthalmologist. However, all
the recent advances in the investigation, diagnosis, gadgets
for the latest treatment, and recent pharma development are
directed toward the patients who have already developed
DR. Since the disease is asymptomatic in the stages which
are amenable for treatment, every diabetes patient needs
detailed dilated fundus examination and thus all 77 million
diabetes people will need DR screening. Early detection and
management will prevent vision impairment.
In India, the number of trained medical professionals to treat
DR is low. Only 12%–15% of the 16,000 ophthalmologists
are trained in the management of DR. People also do not seek
treatment due to the lack of awareness of the condition or
lack of availability of resources and specialists. All diabetes

4

patients have to be detected early, and screening is the only
effective way. Hence, it is imperative to develop a holistic
model that works with diabetologists and focuses on awareness
creation, community screening, service delivery, and training
of medical professionals. Although DR cannot be prevented,
vision impairment leading to blindness can be avoided through
appropriate treatment.[5]
The main challenge in DR management is inadequate facilities
for diagnosis and treatment. There are no symptoms in
stages amenable for treatment; approach ophthalmologists
in advanced stages and available ophthalmologists are less
in many countries and lack of awareness. The challenge
lies in creating awareness among the public, especially
the diabetes people, on the need to undergo a periodic eye
examination. Awareness should be created among health‑care
professionals as well to urge their diabetes patients to undergo
a routine eye examination. A systematic approach comprising
health education, awareness creation, and matching it with
appropriate screening and service delivery mechanisms will
go a long way in preventing blindness due to DR.

Successful Strategies
Diabetic retinopathy screening camp

Screening of the general population for diabetes and detection
of DR in the diabetic population is the first step in the
management of DR.[6]

Telescreening for diabetic retinopathy

Telescreening for DR is crucial to detect referable or nonreferable
DR and reduce the risk of developing severe visual handicap.

Mobile screening

It is known that there are not enough ophthalmologists to
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examine all diabetes patients and screen for DR. A mobile van
equipped with a low cost, the nonmydriatic camera is used to
capture fundus images. Qualified technicians screen patients,
and the fundus images are sent to a base hospital for reading
and grading with the help of software. This mobile screening
unit helps in the early detection of DR or other blinding eye
conditions in patients with diabetes.

Screening for diabetic retinopathy at diabetologist’s clinic

Instead of searching for diabetes patients in the population,
an opportunity is available to examine all the known diabetes
patients who attend a diabetologist’s clinic. At present,
most diabetes patients come to ophthalmologists only after
experiencing considerable vision loss. Their first point of
contact for diabetes is a diabetologist or a physician who
manages their diabetes and related general complications.
The trained technicians at the diabetic clinic take the fundus
images and send them to the nearest eye hospital for an
ophthalmologist’s opinion. Fundus examination helps in
monitoring the severity of diabetes and major blood vessel
involvement, evaluation, and management of DR. Diabetes
patients need regular fundus examination at periodic
intervals. They should undergo important investigations
such as blood sugar, lipid profile, and blood pressure
measurement.

Networking with primary health centers to screen known
diabetic patients
Diabetes patients in the community visit the primary health
center (PHC) on a fixed day to collect their free medications
for the week. It is a great opportunity to screen them then. The
mobile screening teams can visit the PHCs and screen them
with all the facilities as in mobile screening. As part of this
initiative, personnel at the PHC can be oriented toward the
need for screening diabetes patients.

Detecting diabetic retinopathy using artificial intelligence

Screening for DR cannot be limited to ophthalmologists. It is
always better to find alternate resources, using opportunistic
screening with the help of technology. Using “deep learning”
techniques, researchers in google, in collaboration with
Aravind, have developed a self‑optimizing algorithm that
can examine large numbers of fundus photographs and
automatically detect DR and diabetic macular edema with a
high degree of accuracy.

5.

Only 20% of DR cases will need active intervention by
an ophthalmologist such as laser or vitrectomy
6. In cataracts, the outcome depends on how many people
will get 6/6 vision after the intervention. However, in DR,
we have to aim to retain the existing normal or partial
vision in the entire diabetes population, for their lifetime.
Vision loss is preventable
7. The strict control of blood glucose level and other risk
factors such as high blood pressure, high cholesterol. This
will prevent the development or progression of DR
8. Promotion of community awareness about diabetes
and visual loss. Education of medical practitioners and
paramedical personnel regarding good control of diabetes
and the need for annual funduscopy of all diabetes patients
to detect early retinopathy before the onset of visual
loss. Fundus examination should become a mandatory
investigation for all the diabetes patients just like blood
sugar/blood pressure or lipid profile tests
9. Training of general ophthalmologists in laser treatment
for DR and ensuring availability of cost‑effective laser
equipment and affordable treatment for the patients
10. Effective use of information technology for both detection
and referral.

Conclusion
Blindness due to DR is preventable. Every diabetes patient
needs a periodic dilated fundus examination. Early detection
is the key for the successful management of DR. A good
teamwork is needed among the diabetologists, PHC physicians,
health‑care providers, and ophthalmologists to achieve this.
Improved screening and health education can ensure early
detection, treatment, and prevention of needless blindness
in all DM patients. We aim to reduce the number of diabetes
patients who will need laser or vitrectomy for DR treatment.
India is becoming the diabetes capital of the world. We, the
ophthalmic fraternity, should be prepared to tackle the problem
and reduce needless blindness due to DR.
Let us face it with faith, confidence, determination, and a
positive “We can do it” attitude.
P. Namperumalsamy
Chairman Emeritus, Aravind Eye Care System, Madurai, Tamil Nadu, India
Address for correspondence: Dr. P. Namperumalsamy,
Chairman Emeritus, Aravind Eye Care System, Madurai, Tamil Nadu, India.
E‑mail: pn@aravind.org

Key points
1.
2.
3.
4.

All diabetes patients are potential candidates for vision
impairment
DR patients do not have symptoms in the stage which is
amenable for treatment
Screen every diabetes patient for DR by dilated fundus
examination
Periodic fundus examination helps early detection and
management of DR
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Guest Editorial

Publish and Flourish
If you’re brave enough to start, you are strong enough to
finish – Gary Ryan Blair.
As we belong to an ever‑evolving field, the importance
of research, innovation, and the need for constant growth
and development is required to be etched in our minds.
Researchers often work hard in initiating different projects
with enthusiasm and dedication; however, over time, the flame
dies out, squandering the opportunity for the world to be able
to acknowledge, appreciate, and benefit from the interpretation
of their projects. While keeping in mind the Good Publication
Practices, a researcher must consider publishing a scientific
and moral responsibility toward modern science evolution.
The concept of publish or perish unknowingly compels the
authors to resort to unethical practices in scientific research
and publications.[1,2] Therefore, the authors must imbibe the
concept of publish and flourish. It not only changes perspective
toward execution of projects but also generates positive
mindfulness.
And the day came when the risk to remain in a tight bud was
more painful than the risk it took to blossom – Anais Nin.

Publish to Furnish – Be a Source of
Information
History speaks for itself that in the last few decades, a lot has
evolved, and there is room for further development. Clinicians
should turn into avid researchers and realize the importance
and weightage of their work and the information they add to
the pool of knowledge available out there.

Publish to Nourish – Highly Recommended for
Self‑Growth
Even though publishing seems like an uphill battle as it
demands a level of precision, perfection, and persistence, it is
of paramount importance in terms of self‑growth and evolution.
It not only adds to the confidence level but also replenishes
the energy and urge to write more and to work ethically with
high observational skills to look out for more development
opportunities.

Publish to Cherish – Your Work Needs Your
Time and Tender Care
A well‑crafted manuscript with perfection and solicitude,
automatically speaks of the researcher ’s diligence.
Multiple readings and efforts to improve on the manuscript
before publishing add to the ability of a researcher to convey
important elements precisely.

Publish to Astonish – Let the World Know
Expression of knowledge via the hard work provides great
recognition and value to the researcher. A well‑written
manuscript not only leaves the readers spellbound but
also boosts up the confidence level. The concept of
conjuring data and information in order to produce content
should be avoided as it may lead to double publishing
and self‑plagiarism with a dizzying number of fraudulent
publications.[5]

Publish to Accomplish – The Sense of
Fulfillment
Finally, the clinicians must not forget that a well‑executed
project with the timely publication of findings, enables
them to become prolific scholars with a quantum leap in their
achievements adding a feather in the cap of their clinical
triumph.
The idiom early bird catches the worm should not be forgotten
by the researchers. Publications should see the light soon after
the completion of projects in order to flourish and convert hard
work into a roaring success.
To succeed, work hard, never give up and above all, cherish
a magnificent obsession – Walt Disney.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.
Santosh G. Honavar, Rolika Bansal
Centre for Sight, Hyderabad, Telangana, India

Publish to Garnish – Adorn Your Knowledge
and Your Writing Skills
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Abstract
Sterilization is the backbone of a health‑care organization and ensures high‑quality patient care. While the horizon of medical and surgical
devices has undergone vast expansions, not many discoveries have been made as far as novel sterilization procedures are concerned. Steam
sterilization remains the most widely used modality of sterilization of equipment to date in most health‑care organizations. Its limitation lies in
the fact that there are many medical and surgical devices in the market today which are heat and pressure sensitive and can be damaged by the
high temperature and pressure levels of steam sterilization. Novel sterilization techniques which are helpful in the sterilization of such sensitive
instruments that are being widely used today include ethylene oxide (ETO) gas sterilization and plasma sterilization. ETO sterilization requires
the instruments to undergo aeration after the sterilization process, which takes a significant amount of time. Since the sterilized materials can
be used only after the aeration period, stocking up of medical instruments is required which incurs extra cost and entails further investment
in this regard. In the last few decades, there have also been concerns over the safety of ETO gas itself. Hence, attention has shifted to plasma
sterilization which has spiked the interest of medical professionals due to both its safety and economic running costs. This article reviews the
evolution of plasma sterilization along with its working principle, methods of inactivation of microorganisms, advantages, and disadvantages.
A literature search using the keywords “plasma sterilization” was carried out in PubMed and Google Scholar platforms. Out of the suggestions
available, the search was zeroed down to the most relevant articles and a few landmark articles, with focus on the origin of plasma sterilization
as a procedure, methods of generation of gas plasma, phases of plasma sterilization, and antimicrobial properties of plasma. A review of articles
comparing the efficacy of steam sterilization, ETO sterilization, and plasma sterilization was performed. Standard textbooks, as cited in the
references, were referred to as required. The operation and maintenance instruction manual for low‑temperature hydrogen peroxide sterilizer
ACTIPLAZR model HP‑3041, Hanshin Medical Co. Ltd, South Korea, 2019, was used as the primary reference when describing the working
of the aforementioned model (HP‑3041) of plasma sterilizer.
Keywords: Hydrogen peroxide gas, low‑temperature low‑pressure sterilization, plasma, sterilization

Introduction

Steam Sterilization

Sterilization by definition refers to “the process by which all
living cells, spores, and acellular entities (e.g., viruses, viroids,
and prions) are either destroyed or removed from an object
or habitat.”[1] Sterilization is a quintessential part of ensuring
safe medical and surgical practice. While keeping pace with
the changing times, the medical and surgical device industry
has noted rapid growth, whereas the sterilization technologies
have remained essentially unchanged.

Steam sterilization is a conventionally used and inexpensive[2]
method of sterilization where moist heat in the form of
saturated steam at the required temperature and pressure for a
specified time is used for the inactivation of microorganisms.[3]
Its lethality is due to the denaturation of microbial enzymes
and structural proteins.[3] Most of the medical and surgical
instruments are made of heat‑stable materials and hence can
be safely sterilized using steam sterilization.

The most common techniques of sterilization that are in
use today in eye care organizations are steam sterilization,
ethylene oxide (ETO) sterilization, and plasma sterilization
using hydrogen peroxide (H2O2). This article briefly reviews
steam and ETO sterilization and provides an in‑depth analysis
of plasma sterilization.
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With an increase in devices made of materials like plastic
which cannot withstand high temperature and pressure,
several new low‑temperature sterilization systems, such as
ETO sterilization and H2O2 gas plasma sterilization, have
been developed in the recent past and are currently in use to
sterilize medical devices.

Ethylene Oxide Sterilization
ETO gas is used instead of steam sterilization for equipment
that is heat and moisture sensitive. ETO is a colorless and
flammable gas.[4] It causes alkylation of protein, DNA, and
RNA, thus disrupting the normal cell cycle.[4] The main
disadvantages of this technique are the lengthy cycle time,
higher running cost,[4] and its potential hazards[5‑17] to the
patients and staff. [18] Apart from the acute and chronic
hazards due to ETO gas itself, [Table 1][5‑22] its usage as
a mixture along with chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs), to reduce its flammable
properties,[19] is of additional concern. CFC and HCFC are
considered hazardous due to their effect on the depletion of the
ozone layer in Earth’s atmosphere. Due to the environmental
regulations on CFCs, the early versions of ETO sterilizers were
discarded[19] and newer models of ETO sterilizers without CFC
were developed. Despite the elimination of CFCs, concerns
over the carcinogenic properties of the ETO gas itself, which
remains adsorbed on the materials after processing, still loom
large.[20‑22]

Hydrogen Peroxide Gas Plasma Sterilization
In 1927, Irving Langmuir coined the term “plasma” to describe
an ionized gas.[23] Gas plasmas are the fourth state of matter,[24]
the other three being solids, liquids, and gases. For the first
time, the sterilization property of plasma was introduced in
the year 1968.[25] Further patents were made by Ashman and
Menashi, Boucher (Gut), and Bithell.[26‑28] Lerouge et al. have
extensively studied plasma sterilization as a technique and
eluded on its various properties.[29‑33]
Gas plasmas are produced under a deep vacuum, in an electric
field, using radiofrequency or microwave energy to produce
charged particles or free radicals. (“A free radical is an atom
with an unpaired electron and is a highly reactive species.”)[3]
These free radicals (hydroxyl and hydroperoxyl ions) interact
with cell components such as enzymes and nucleic acids,
Table 1: Hazards of exposure to ethylene oxide
Acute ETO exposure

Chronic ETO exposure

Coughing
Nausea and vomiting
Headache and eye pain
Convulsions
Dizziness
Blisters on the skin and exposed mucosa
Source: Cited references. ETO: Ethylene oxide

Cataract formation
Cognitive impairment
Neurologic dysfunction
Polyneuropathies
Spontaneous abortion
Various cancers
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thus deranging the metabolism of microorganisms.[3] The
antimicrobial property of plasma[34‑36] is primarily due to H2O2
gas. This antimicrobial action of H2O2 is further enhanced
by plasma by causing an accelerated breakdown of residual
H2O2.[37] The greater the amount of reactive oxygen species,
the more is the antimicrobial activity, as has been observed
experimentally, with the shrinkage of spores.[38] Studies show
that spores are much less resistant to gas plasmas.[39,40] Plasma
is not only effective against spores but also prions, which are
resistant to many routinely used chemicals.[41,42]
The by‑products of the cycle (e.g., water vapor and oxygen)
are nontoxic. Hence, the sterilized materials are safe, both
for immediate use and storage. Studies show that plasma
sterilization is compatible with >95% of medical devices
tested.[42] Its only drawback is the inability to sterilize liquids,
powders, or strong absorbers (e.g., cellulose).

Phases of Plasma Sterilization
Five phases of plasma sterilization are vacuum, injection,
diffusion, plasma, and vent cycles.[43]
Items to be sterilized must be thoroughly dried first since
moisture will prolong the evacuation phase and can lead to
the cancellation of the cycle. During the vacuum stage, the
pressure is decreased to 0.3 mmHg, followed by injection
of liquid H2O2 at a temperature of 40°–45°C. The relative
humidity is between 6% and 14% throughout the process.[44]
H2O2 acts on all surfaces of the load in the chamber, in the
diffusion phase. After this, radio‑frequency plasma discharge
is initiated, which causes H2O2 vapor to form reactive oxygen
species, which in turn causes lethal damage to the cell wall of
microorganisms. The final by‑products are oxygen and water.[45]
In the end, the chamber is vented through a high‑efficiency
particulate air (HEPA) filter and a catalytic filter to safely
decompose all remaining traces of H2O2 into water and oxygen.

Mechanisms of Inactivation of Microorganisms
by Plasma
According to a study that analyzed methods of inactivation of
microorganisms during plasma sterilization,[46] there are three
basic mechanisms for the same:
a. Direct destruction by UV irradiation of the genetic material
of microorganisms
b. Erosion of the microorganisms through intrinsic
photodesorption by UV irradiation to form volatile
compounds combining atoms intrinsic to the
microorganisms
c. Erosion of the microorganisms through etching to form
volatile compounds as a result of slow combustion using
oxygen atoms or radicals emanating from the plasma.

Advantages of Plasma Sterilization
1.

Rapid and gentle sterilization – Results in longer life span
of instruments
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2.
3.
4.

Cost‑effective technology – No aeration time is required
after sterilization. Therefore, a large stock of instruments
need not be stored, thus effectively minimizing the cost
Environment‑friendly end products of the sterilization
process
Convenience of installation – Electricity is the only
primary requirement for the working of plasma sterilizer.

sterilization using H2O2 gas plasma, on instruments with long
and narrow lumen like the ones used in endourology, have
been published with encouraging results.[52]
Similar studies focusing on the efficacy of plasma sterilization
on ophthalmic instruments containing lumen are required
before any conclusions can be drawn in this regard.

Disadvantages of Plasma Sterilization

Safely Handling the Sterilant

The only known limitation is that it cannot be used for
sterilizing highly absorbent materials [Table 2].

H2O2 is a valid sterilant only for 6 months once inserted into
the sterilizer or when stored intact at room temperature or in
the refrigerator. It should be discarded according to regulations
of the waste control law. H2O2 used as a sterilant in plasma
sterilization has a characteristic of high oxidation and low
inflammability. But in high temperatures and humidity, it
is flammable. Hence, protective equipment such as gloves
and goggles should be worn while operating, inspecting, or
repairing the sterilizer.

When H2O2 gas plasma sterilization is compared to other
methods of sterilization, one area of concern is its efficacy
in the sterilization of instruments that have a lumen.[47] Only
two comparative studies[48,49] done on some models of plasma
sterilizers have confirmed their efficacy in this regard. Some
models performed better than the others in one of these
studies.[49]
An important point to note here is that studies[50,51] have
emphasized adequate removal of serum and salt deposits
from the lumen of instruments before beginning H2O2 gas
sterilization. However, in the presence of salt and serum, steam
sterilization is considered the best,[52] whereas both ETO gas
sterilization and H2O2 gas plasma are a close second.[52]
Some of the other surgical specialties such as gastroenterology
and urology, routinely use instruments containing long and
narrow lumens. Few recent studies focusing on the effect of
Table 2: Materials that can and cannot be sterilized in
plasma sterilizer
Can be sterilized

Cannot be sterilized

Aluminum
Cellulose products
Teflon
Wood
Silicon
Foam
PVC
Sponge, gauze
PMMA
Cotton
PC
Linen
EVA
Cloth/towel
Latex
Huck towel
Stainless steel
Muslin
Polyolefin
Silk
Polyethylene
Paper
Polypropylene
Cardboard
Kraton
Low‑quality plastic and latex
Brass
Organic materials
Delrin
Powder
Glass
Oil
Neoprene
Water
Monel
Liquids
Polystyrene
Incompletely dried items
Source: Reprinted from operation and maintenance instruction manual
for low‑temperature hydrogen peroxide sterilizer ACTIPLAZR H‑3041,
Hanshin Medical Co. Ltd., South Korea, 2019. PVC: Polyvinyl
chloride, PMMA: Polymethyl methacrylate, PC: Polycarbonate,
EVA: Ethylene‑vinyl acetate

Models of Plasma Sterilizers
Quite a few models of plasma sterilizers exist in the market,
for example, Sterrad from Johnson and Johnson, U.S.A; Steris
with V‑Pro and Renosem from Korea; Laoken from China;
Concalves from Portugal; Tuttnauer from Germany; and
ACTIPLAZR HP‑3041 from South Korea.
The working methods of each of these plasma sterilizers are
quite similar in most aspects. However, for ease of understanding
its operation, we have explained the working of ACTIPLAZR
HP‑3041, from Hanshin Medical Co. Ltd in South Korea, with
which we have considerable experience in sterilization.

ACTIPLAZR HP‑3041

The details enlisted below are as per the manufacturer of
the machine,[53] ACTIPLAZR HP‑3041 [Figures 1 and 2] is
a low‑temperature, low‑pressure sterilizer that works on the
principle of plasma sterilization. It is a microprocessor‑controlled
74‑kg machine with a 1600‑W electricity consumption, 40‑l
capacity, and a working temperature of 40°–70°C.

Specifications for installation
1.
2.

3.
4.
5.

Surroundings of sterilizer should have a space of at least
300 mm at the back and both sides for ventilation and
500 mm near the door for smooth door operation
Electric power source has to be grounded completely and
its fluctuation should be kept within 10% of nominal. The
minimum power‑supplying capacity must be over 1600 W
for covering the power consumption of the sterilizer
Ambient temperature within 40°C and relative humidity
within 80%
Minimum of ten air exchanges per hour should be provided
Avoid installing the sterilizer near a water or heat source.

Operation procedure
1.

Only distilled water or RO water (reverse osmosis method)
should be used for cleaning the instruments
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Figure 1: ACTIPLAZR HP‑3041 – Front

2.

3.
4.
5.

The instruments are packed in standardized TyvekR
pouches for sterilization [Figure 3]. A change in color of
the indicator present on the top of the pouch from blue to
pink indicates adequate sterilization
Ideally, the transparent side of a pouch should face the
opaque side of the next pouch, thus H2O2 and plasma can
surround them perfectly
Vacuum test is run first in an empty chamber before the
start of daily sterilization
The sterilizer has two kinds of built‑in sterilization
cycles, i.e., standard cycle and the flash cycle, apart
from the vacuum leak test cycle. The standard cycle
sterilizes the devices perfectly whereas the flash cycle
sterilizes the surface of medical devices in a short
time [Table 3].

Steps in sterilization

These are similar to the phases in plasma sterilization as
discussed earlier. However, it will be briefly discussed to
elaborate on the difference between standard and flash cycles.
1. Preheat – The cool air from the chamber is sucked out and
heated air is let into the chamber
2. First vacuum – A vacuum pump is operated to exhaust the
air in the chamber
3. First sterilization – The vaporized H2O2 is injected into
the evacuated chamber for a set duration of time. When
the set time has elapsed, air is introduced into the chamber
until atmospheric pressure is reached, so that the sterilant
penetrates within the lumen of the sterilizing device by
the pressure difference.
In the flash cycle, the plasma phase is followed immediately
after this process [Figures 4 and 5].
4. Second vacuum – The vacuum pump is operated again to
evacuate the chamber
5. Second sterilization – Vaporized H2O2 is re‑injected into
the chamber and maintained for a preset time. When the set
time has elapsed, air is again introduced into the chamber
until it reaches the atmospheric pressure.
12

Figure 2: ACTIPLAZR HP‑3041 – Internal

Table 3: Standard versus flash cycle
Standard cycle

Flash cycle

Exposure temperature (°C)
56
56
Exposure time (min)
15
12
Plasma holding (min)
3
3
Sterilization type
Thorough sterilization Surface sterilization
Source: Reprinted from operation and maintenance instruction manual
for low‑temperature hydrogen peroxide sterilizer ACTIPLAZR H‑3041,
Hanshin Medical Co. Ltd., South Korea, 2019

6.
7.

Plasma and exhaustion – When the set second sterilization
time has elapsed, the plasma generator mounted externally
is operated, and the chamber is evacuated.
Air‑in and completion – Upon completion of the plasma
and exhaustion phase, air filtered through the HEPA
filter is introduced into the chamber until it reaches the
atmospheric pressure, and the cycle is completed. An
automated and detailed printout is given [Figure 6].

Monitoring quality of sterilization
Monitoring by chemical indicator

Chemical indicators (CIs) are designed in the form of
strips or tapes, which change color from blue [Figure 7a]
to pink [Figure 7b] on adequate sterilization. They provide
definite visual evidence of the quality of sterilization. If
the color of the CI strip has not changed completely after
sterilization, the load in the chamber should not be used until
the cause is clarified.

Monitoring by biological indicator

This is the most definitive method to monitor sterility [Figure 8].
The strain used as a biological indicator (BI) for H2O2 gas plasma
sterilization is Geobacillus stearothermophilus. Incubate the
processed BIs immediately for 24–48 h at a temperature of 55°–
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Figure 4: Cycle graph – Standard cycle

Figure 3: TyvekR pouches

Figure 5: Cycle graph – Flash cycle

Figure 6: Automated printout after cycle completion

60°C after completing sterilization, along with unprocessed BIs, to
estimate the sterility. For adequate sterilization, the processed BI
must not change color (remains orange‑red) and the nonprocessed
BI must change its color (from orange‑red to yellow).

5.

Technical advantages of ACTIPLAZR HP‑3041
1.
2.
3.
4.

Cheap sterilization cost – One‑bottle (150cc) sterilant can
be used for ten cycles
Safe handling of sterilant – H2O2 solution is contained a
specially designed bottle
HEPA filter for bacteria capture – It is capable of capturing
99.999% of particles of 0.3 μm size, which prevents
re‑contamination
Fully automatic cycle processing and tracking of
sterilization on the LCD screen

6.

Convenient operation by a one‑touch control
panel [Figure 9]
Minimal consumables: H2O2 solution, TyvekR pouches,
chemical, and BI.

As per the manufacturing company,[53] ACTIPLAZR HP‑3041
can sterilize instruments with an internal diameter of 2 mm
and a length of 1.5 m.

Conclusion
Since the 19th century, steam sterilization using autoclave
has remained the conventional method of sterilization for
instruments which are not damaged by steam, heat and pressure.
Low‑temperature sterilization technologies (e.g., ETO and H2O2
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Figure 7: (a) Before sterilization. (b) After sterilization
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Figure 8: Biological indicator
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Figure 9: Control panel

16.

gas plasma) are used for critical patient‑care equipment that
is heat or moisture sensitive. Serious concerns over the safety
profile of ETO are beginning to limit its widespread usage.
Plasma sterilization has largely replaced ETO as an effective
alternative to sterilize heat‑ and pressure‑sensitive devices since
it is quick, safe, and cost‑effective. The only limitation of plasma
sterilization is its inability to sterilize absorbent materials. Hence,
plasma sterilization is likely to remain one of the key methods
of sterilization until a novel technique that is quick, safe, and
compatible with all kinds of materials is invented.
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Abstract
This article aims to provide relevant clinical pearls to help in the diagnosis and treatment of Rhino‑orbital‑cerebral mucormycosis (ROCM).
The main risk factors apart from SARS‑CoV 19 infection for ROCM are uncontrolled diabetes mellitus, diabetic ketoacidosis, and steroid
usage. The major clinical findings in the case of orbital involvement are loss or decrease of vision, ophthalmoplegia, proptosis, and
panophthalmitis‑like picture. Effective management of the disease lies in prompt diagnosis, adequate surgical debridement, and appropriate
systemic antifungal therapy. With timely attention, we can save the vision, globe, and life of the patient.
Keywords: Amphotericin B, COVID‑19, rhino‑orbital cerebral mucormycosis, SARS‑Cov 19

Introduction
In these pandemic times, we have all noticed a marked rise in
the number of cases of mucormycosis in post‑COVID patients.
Mucormycosis is classified into six types based on the site of
involvement.
Rhino‑orbital cerebral when sinuses, eye, and brain are involved.
The other variants being pulmonary (lung involvement),
gastrointestinal (involvement of gastrointestinal system by the
fungi), cutaneous (skin involvement), disseminated (multiple
organ systems are involved), and mucormycosis of uncommon
sites. This article aims to provide relevant clinical pearls to
help in the diagnosis and treatment of rhino‑orbital‑cerebral
mucormycosis (ROCM).

Aetiology
Mucormycosis is an invasive fungal infection caused by fungi
belonging to the order mucorales. Rhizopus oryzae is the most
commonly isolated organism from patients and is responsible
for almost 70% of infections. Fungi belonging to the species
of Lichtheimia, Cunninghamella, Saksenaea, and Rhizomucor
are also isolated from patients.[1] Species identification is a
difficult procedure in cases of mucormycosis but this process
becomes clinically relevant when mucormycosis is caused by
non‑Rhizopus species.
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For example, it is noted that when mucormycosis is caused
by Cunninghamella bertholletiae, it tends to be more severe.
This phenomenon is explained by the increased ability of
the fungi to extract iron from the host as well as its ability to
suppress host immune reactions. Thus infection caused by
C. bertholletiae has a poorer prognosis. On a more encouraging
note, Rhizomucor pusillus is found to be less virulent than
R. oryzae thus having a better prognosis.[2]

Pathogenesis
The main pathological mechanism noted in mucormycosis is
angioinvasion by fungal hyphae in turn causing thrombosis and
tissue necrosis. Multiple factors contribute to this angioinvasion.
In ROCM perineural spread of fungi is also noted.

Pre‑COVID Times and Theories
The fungi causing mucormycosis have certain virulence factors
which help them to overcome host defenses and establish
themselves. Similarly, the host also has several defense
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mechanisms which will protect from such fungal invasion.
When there is a breach in these defenses, the fungi will gain
an upper hand and cause mucormycosis.

Host Factors that Promote Mucormycosis
The first one on the list is uncontrolled diabetes mellitus (DM)
with associated diabetic ketoacidosis (DKA). The factors lead
to an acidic internal milieu, thus facilitating the germination
of fungal spores.[3]
It is also known that hyperglycemia and acidosis negatively
impact neutrophil chemotaxis and phagocytic activity, which
leads to unchecked fungal spore germination in the host tissues.
Moreover, any systemic acidosis, not just DKA, leads to
increased available iron in serum due to dissociation of iron
from sequestering proteins. Thus causing hyperferritinemia
which is a favourable factor for the growth of fungal hyphae.
Deferoxamine therapy is another known risk factor; here,
deferoxamine acts as a Xeno siderophore and facilitates fungal
growth. Other factors like chronic steroid usage and immune
suppression in organ transplant patients also predispose
patients to mucormycosis.

Fungal Virulence Factors
Rhizopus secretes an iron permease mediated by proteins
secreted by the FTR1 gene. In vivo studies noted a decrease
in the virulence of Rhizopus when FTR1 protein is neutralized
by targeted antibodies, thus confirming its importance. The
clinical significance here is if we can administer FTR1 protein
neutralizing antibodies, it can protect from potential infection
in susceptible patients.[4]
Glucose‑regulated protein 78 (GRP78) is a novel host receptor
that selectively and specifically interacts with Mucorales
during the invasion and subsequent damage of host tissues.
Elevated glucose and iron levels upregulate GRP78 expression
and promote endothelial cell invasion and damage by R. oryzae
in a receptor‑dependent manner.[4] The fungal ligand which
helps in binding the GRP78 during the early invasion of
Mucor belongs to a spore coating protein family (CotH3), an
upregulation of this protein is also noted in a hyperglycemic
environment.

Multiple clinical reports are stating that even postrecovery,
patients tend to be immunosuppressed and continue to have
insulin resistance for a prolonged period. This possibly
explains the incidence of mucormycosis even after recovery
from COVID‑19[5] [Figure 1].

Clinical Features of Rhino‑Orbital Cerebral
Mucormycosis
The fungal spores find an entry into the nasal cavity through
the air we breathe and germinate when the conditions are
favorable.
The infection starts from the nasal cavity and spreads to the
sinuses, then to orbits, and finally to the brain. The mucoralean
fungi are angiotropic fungi and have an affinity for endothelial
cells. When they infect the nasal mucosa, it appears to be
reddish or grey, as the disease progresses, the mucosa turns
necrotic, forming blackish eschars. These eschars can be noted
on the nasal septum, hard palate, turbinates, orbital areas, and
even on facial skin[6] Figure 2.
Once the infection spreads to orbit, it can present with ptosis,
mild proptosis, total or incomplete ophthalmoplegia, orbital
apex syndrome.
The major intraocular findings noted are uveitis, vitritis,
endophthalmitis, or panophthalmitis[7] [Figure 3]. The other
notable features are central retinal artery occlusion secondary
to angioinvasion of the target vessel by fungal hyphae
Further spread into the cranial cavity leads to cavernous sinus
thrombosis.
Cavernous sinus thrombosis with loss of vision is considered to
be a characteristic feature of mucormycosis, and CST without
loss of vision is a feature of bacterial infection.[6]
The route of the spread of fungi from paranasal sinuses to orbit.
The most common and relevant one states that the disease spreads
to the orbit and soft facial tissue from pterygopalatine space, and
then through the inferior orbital fissure, extends to the retrobulbar
area of the orbit, resulting in ophthalmic manifestations.[7]
In addition, the cribriform plate and the roof of the orbit is very
thin could be a portal of entry to the intracerebral area.[7] All
the clinical findings are summarized in table 1.[7]

COVID Times and Theories
As previously acknowledged, uncontrolled DM and DKA
promote mucormycosis. It is observed that SARS‑Cov 19
promotes hyperglycemia. The theory put forward is that the
virus affects the ACE2 receptors of the pancreas, thus causing
insulin resistance and uncontrolled DM.
The other factor to consider is the upregulation of the
GRP78 receptor on the endothelial cells in a setting of
hyperglycemia. This upregulation, in turn, promotes invasive
fungal disease.

Figure 1: Possible mechanism of pathogenesis of mucormycosis
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a

Figure 2: Diagnostic nasal endoscopy showing black eschar

b

Proposed Staging of Rhino‑Orbital‑Cerebral
Mucormycosis
When the infection is confined to the nasal cavity, it is defined
as Stage 1. When there is a spread of infection to the paranasal
sinus, it is defined as Stage 2. The disease when it spreads to
orbit is defined as Stage 3. The involvement of central nervous
system (CNS) is Stage 4. This is only a proposed staging based
on anatomical involvement (both clinical signs and imaging
signs are taken into consideration), further validation is needed.[8]
Another attempt to stage the disease is made by Naik and Rath.
They have categorized the disease and gave a severity score
to each subclass. They have also proposed possible treatment
options applicable to each category. The proposed staging has
three categories each one assigned to an anatomical site, R for
sino‑nasal involvement, O for orbital involvement, and C for
CNS involvement. And each category has severity grading
from 0 to 3, higher numerical represents more severe disease.
An attempt is made by the authors to validate this staging.[9]

Diagnosis
ROCM can be categorized as possible, probable, and proven.
A patient who has symptoms and signs of ROCM in the clinical
setting of concurrent or recently (<6 weeks) treated COVID‑19,
uncontrolled DM, use of systemic corticosteroids and tocilizumab
is considered as possible ROCM. When the clinical symptoms
and signs are supported by diagnostic nasal endoscopy findings
or contrast‑enhanced magnetic resonance imaging (MRI) or
computed tomography (CT) scan, the patient is considered
probable ROCM. When there is microbiological confirmation,
the patient can be categorized as a Proven case of ROCM.[8]
Diagnostic nasal endoscopy to look for signs of ROCM in the nasal
cavity should be the first step in confirming a diagnosis of ROCM.
The ENT surgeon looks for the color of the nasal mucosa, presence
of any purulent discharge or black eschars on the nasal mucosa,
turbinates, and septum. They should also collect a swab or tissue
for microbiological analysis from the edge of necrotic tissue.[10]
18

c

Figure 3: (a) Panophthalmitis, (b) ptosis and (c) ophthalmoplegia

Imaging
Contrast‑enhanced MRI is considered the best imaging
modality for identifying ROCM. As previously discussed
mucormycosis is an angio invasive disease, failure of
enhancement of anatomic sites that normally get enhanced is
a sign of angioinvasion and can be considered a definitive sign
of invasive fungal disease.[11]
Sinus mucosa shows thickening with areas of nonenhancement.
When there is non‑enhancement of nasal mucosa in a contrast
MRI, it is given the name “black turbinate.”
Sinus cavity contents may show variable signal characteristics
with mixed areas of hypointensity (caused by paramagnetic
compounds present in fungal hyphae) and hyperintensity
(caused due to tissue necrosis).
When there is extra sinus extension the fat planes surrounding
the maxillary antrum show oedema and enhancement.
Similarly, orbital involvement is characterized by edema and
enhancement of fat planes in the retro‑orbital area. When there
is orbital invasion through the medial wall, inflammatory tissue
or abscess formation may be seen along the medial aspect of
the orbit.[11]
When there is an invasion of the optic nerve, an increase
in its caliber may be noted along with associated signal
intensity changes. Involvement of optic nerve alone
signifies fungal invasion along the ophthalmic artery, and
it needs aggressive management. In the case of orbital apex
syndrome, soft tissue enhancement of apical tissues along
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Medical Management
When a diagnosis of ROCM is made, either possible/probable
or proven, it is recommended to start systemic antifungal
treatment immediately. The best drug available now is
liposomal amphotericin B; it should be administered in a dose
of 5–10 mg/kg body weight with strict metabolic control under
the care of a physician or intensivist.[11]
a

b

Figure 4: (a) Type II: Palpebral skin is spared, and the globe and its
appendages are removed with the conjunctiva (b) Type III: both eyelids
are removed with orbital contents

Table 1: Clinical findings –ROCM
Site of
involvement
1

Clinical signs and symptoms

Nasal cavity
and sinuses

Nasal stuffiness, nasal crusting, foul‑smelling/
bloody discharge, pain, erythema, facial
swelling, eschars on the hard palate, nasal
mucosa, greyish necrosis of nasal mucosa, etc.
2
Orbit
Pain, total/incomplete ophthalmoplegia,
diplopia, ptosis, proptosis, decreased/loss of
vision, panophthalmitis like picture, uveitis,
central retinal artery occlusion
3
CNS
Altered sensorium, headache, fever, hemi/
paraplegia, seizures, etc.
CNS: Central nervous system

In cases where amphotericin‑B is contraindicated, intravenous
Isavuconazole 200 mg thrice a day on days 1 and 2 followed
by 200 mg once a day from day 3 or intravenous posaconazole
300 mg twice a day for 1 day, 300 mg once a day from day 2,
can be administered.[11]
This induction treatment should continue for a minimum
of 4 weeks followed by step‑down treatment with oral
isavuconazole or oral posaconazole for 3–6 months.[11]

Role of Retrobulbar Amphotericin B
Transcutaneous retrobulbar amphotericin B (TRAMB)
has gained acceptance in recent years. This modality was
introduced to treat moderate localized orbital disease without
resorting to disfiguring surgeries like exenteration. In a recent
retrospective comparative study published by Ashraf et al.,
they concluded that “TRAMB had a lower risk of disfiguring
exenteration without an apparent increase in the risk of
mortality” in cases of invasive fungal rhino‑orbital sinusitis.[13]

with spread into the optic canal and superior orbital fissure
can be noted.[11]

There are only a limited number of anecdotal reports and case
series where TRAMB is discussed as an option.

Cavernous sinus involvement is characterized by filling
defects and narrowing of vessel lumen in postcontrast
images. Arterial wall involvement is characterized by areas
of enhancement.[11]

The most common regimen followed is to inject 1 ml of
Amphotericin deoxycholate or liposomal amphotericin in a
concentration of 3.5 mg/ml into the retrobulbar space. If there
is limited orbital involvement as per imaging, injecting into
the affected quadrant can give a better resolution.[13]

CT scan with contrast is useful in studying the sinus anatomy,
the extent of disease, and in identifying bone involvement. It is
a cheaper and quicker, and more easily available option. One
can always get an initial CT scan done when logistics issues
do not allow for an MRI.[11]

Laboratory Diagnosis
Direct microscopy of freshly collected specimens using
wet mounds of KOH and fluorescent brighteners such as
blankophor and calcofluor white is the most inexpensive and
rapid mode for establishing a diagnosis.[12]
Fungal cultures, if obtained provide a definitive diagnosis. But
the pitfalls here are cross‑contamination and the need for strict
and expensive procedures.
Molecular tests using polymerase chain reaction to identify
specific molecular targets like 28S rDNA, the mitochondrial
gene rnl, the cytochrome b gene, or the mucorales‑specific
CotH gene are the newer and emerging modalities useful for
confirming the diagnosis of mucormycosis.[12]

These injections tend to cause orbital inflammation leading
to decreased vision, chemosis, and eyelid edema. The other
reported complication is orbital compartment syndrome.
Performing a lateral canthotomy and cantholysis can mitigate
these complications to an extent.
It is mandatory to regularly assess the clinical condition of
these patients. Repeated contrast‑enhanced MRI scans can
provide crucial information regarding disease status.
Till now, there are no guidelines to state the duration of
treatment or the number of injections to be given. The treating
ophthalmologist is left to decide the treatment regimen on
a case‑to‑case basis. Further evaluation of this procedure is
needed.

Surgical Management
The best possible outcome in the case of ROCM is obtained
only by combining systemic anti‑fungal treatment with
surgical debridement of sinuses and orbit. As soon as a
diagnosis of possible, probable, or proven ROCM is made,
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it is mandatory to start the patient on systemic antifungal
treatment and plan for surgical sinus debridement. Extensive
debridement of infected and necrotic tissue will reduce fungal
load and better recovery.

Conflicts of interest

MRI with contrast enhancement will provide an anatomic guide
for surgical debridement. Non‑contrast enhancing tissues are
usually nonviable.[13]

1.

When there is a limited orbital spread of disease and contrast
enhancement of tissues on MRI TRAMB will be a good
option. In nonresponsive cases or when progression is noted,
limited orbital debridement is another conservative option
available.[13]
In cases of severe or diffuse orbital disease, with
nonenhancement on imaging and poor visual potential
exenteration might be helpful.[13] However, there is no standard
of care to guide ophthalmologists on when exenteration will
be useful for a patient with mucormycosis.[14] Hence, the
decision on orbital exenteration should be made after thorough
consideration of various factors such as the extent of the
disease and comorbidities of the patient. The decision should
be based on a dialogue with specialists from other concerned
departments as well as with the patient and family.
While performing exenteration, a lid sparing approach will
give a better cosmetic result to the patient. Systemic antifungal
treatment should continue until there is radiological and clinical
evidence of resolution [Figure 4].
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Abstract
Introduction: Pterygium is a common conjunctival disorder seen in tropical countries. Surgery is the permanent treatment. Various methods
of graft fixation include sutures, fibrin clot, and glue techniques. Fibrin clot (autologous serum) technique involves the utilization of the
patient’s oozed blood from the episcleral vessels to serve as natural glue adhering the graft to the underlying sclera, whereas commercial glue
involves the use of two components for firm adherence of the graft. Aim: The aim of this study is to observe and compare the complication
rates, outcomes, and recurrence with fibrin clot and glue techniques for pterygium. Materials and Methods: One hundred and twenty‑six
eyes of 126 patients with primary pterygium were operated under peribulbar anesthesia by a single surgeon after doing the routine clinical
examination. Group A included 63 eyes where the fibrin clot technique was used for graft adherence and Group B included 63 eyes where
commercial glue was used for fixing the graft. Pterygium was excised, and a conjunctival‑limbal autograft was taken from the superior bulbar
conjunctiva of the same eye. In the fibrin clot (autologous serum) technique, natural hemostasis was encouraged, and the graft was placed
over the oozed blood, left undisturbed for 10 min. In the glue technique, hemostasis was achieved and graft was transplanted over the glue and
left undisturbed for 2 min. Eye patch was removed the next day of surgery. Preoperative and postoperative photographs were taken. Standard
postoperative treatment was given. Follow‑up was carried on day (postoperative day) 1, 15, 30, 90, 180, and 300. Results: The mean surgical
time was 29.3 and 19.6 min in Group A and Group B, respectively. Graft retraction and graft edema were noted in four patients (6.3%) in
fibrin clot technique, and graft edema was noted in five patients (7.9%) in Group B, which resolved on subsequent visits with conservative
management. No recurrence was noted in either group. No other postoperative complications were noted in both groups. Conclusion: Fibrin
clot (autologous serum) and glue techniques do not use sutures, thus avoid the cost of sutures and suture‑related discomfort and complications.
Fibrin clot (autologous serum) is more economical than the glue technique. Cosmetic outcome in the immediate postoperative period is better
with glue than fibrin clot technique. Long‑term outcome is the same in both groups. Autologous serum avoids the transmission of prion diseases
possible with glue method. Both the techniques are equally safe and efficient.
Keywords: Autologous serum, commercial glue, conjunctival autograft, conjunctival‑limbal autograft, fibrin clot, fibrin glue, pterygium

Introduction
Pterygium is an abnormal fibrovascular growth of the
subconjunctival tissue onto the cornea. It is a common pathology,
seen especially in the tropical and subtropical regions. It is
caused by increased sunlight exposure, dust, dryness, heat,
and wind.[1] In the initial stages of pterygium formation, it is
usually symptomless. Otherwise, patients may present with
mild ocular discomfort, irritation, and watering from the eye due
to irregular ocular surface. As the pterygium increases in size,
it may become a cosmetic problem to the patient and interferes
with vision due to the induced astigmatism.[2]
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The treatment of pterygium is mainly surgical. The indications
of surgery include cosmetic deformity, marked discomfort and
irritation unrelieved by medical management, and limitation
of ocular motility and obscuring the visual axis.[3]
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Current surgical treatment includes simple excision of
pterygium (the bare sclera technique), excision combined
with one of the procedures such as conjunctival autograft,
conjunctival‑limbal autograft (CLAG) with or without
sutures, with fibrin clot technique (autologous serum) or glue,
amniotic membrane graft, and adjunctive therapy. However,
there is no surgical technique that achieves no recurrence and
complications.[4]
Today, conjunctival autograft transplantation and CLAG
transplantation remain the two popular techniques for treating
primary and recurrent pterygium. The important role of limbal
stem cells in preventing recurrence has been the basis for
adopting CLAG transplantation as a preferred technique.[5]
A healthy limbus acts as a barrier for conjunctival overgrowth
onto the cornea. Since limbal stem cells are damaged in
pterygium, the inclusion of stem cells into the graft was
hypothesised to prevent recurrence and maintain anatomical
and physiological reconstruction after pterygium surgery and
studies have confirmed it.[6] Recent reports suggest CLAG
transplantation with fibrin clot and glue techniques are superior
over sutures technique with improved comfort, decreased
surgical time, reduced surgical complications and recurrence
rates.[5,7]
There are few studies from India on the comparison of CLAG
with fibrin clot and glue techniques. We aim in this prospective,
observational study to report the surgical complications and
recurrence of pterygium with fibrin clot and glue techniques
in pterygium surgery and also to compare our results with
previous studies.

Aim

To observe and report the surgical complications and recurrence
rate of pterygium using fibrin clot and glue techniques in the
CLAG transplantation in pterygium surgery.

Materials and Methods
This was a longitudinal study carried out at the Ophthalmology
Department in a Medical College in Pondicherry from 2013 to
2016. The study had adhered to the tenets of the declaration
of Helsinki and was approved by the Institutional Review
Board. Cases with primary pterygium who reported at the
ophthalmology outpatient department‑seeking surgery were
included. A detailed history was taken. The examination
included: Best‑corrected visual acuity, ocular motility,
keratometry, intraocular pressure (IOP) by applanation
tonometry, anterior segment, and fundus examination.
Preoperative and postoperative photographs were taken.
Glue was prepared from a commercially available Tisseel
kit. Tisseel Duo Quick (Baxter, Vienna, Austria) is a
two‑component tissue adhesive that mimics the natural
fibrin formation. The glue has two components. One consists
of fibrinogen mixed with factor XIII and aprotinin. The
other component is a thrombin‑CaCl2 solution. The two
components are prepared in two separate syringes. A stop22

watch was used to measure the time from the time of taking
the superior rectus bridle suture to the end of surgery till graft
adherence was checked.
Pterygium excision with CLAG transplantation surgery
was done under peribulbar anesthesia. All patients received
antibiotic eye drop (ciprofloxacin 0.3%) four times a day
started from the day before surgery. The surgery was carried
out under an operating microscope in a major operation
theater [Figure 1]. The eyelids were retracted with a lid
speculum and a superior rectus bridle suture was applied using
5‑0 silk. A piece of cotton soaked in normal saline was kept
over the cornea to avoid it from drying [Figure 1b]. About
0.5 ml saline was injected under the body of the pterygium
using a 26‑gauge needle mounted on a 2 ml syringe. Two
radial incisions were made in the conjunctiva and the Tenon’s
capsule, at the upper and the lower limits of the body of the
pterygium. The incisions, about 5 mm in length, were extended
away from the limbus. The body of the pterygium including the
Tenon’s capsule was cut between the two radial incisions using
a pair of sharp conjunctival scissors. The head of the pterygium
was avulsed by reverse stripping using slow and deliberate
traction applied to the free end of the belly of the pterygium
that was held parallel to the cornea. The fibrovascular tissue
underneath the conjunctiva was dissected on the canthus side
up to the insertion of the horizontal rectus muscle, taking
care not to cause any injury to the rectus muscle [Figure 1d].
When bleeding occurred, cautery was not used in the fibrin
clot technique but was used in the glue technique to achieve
hemostasis.
The donor tissue was harvested from the same eye. For this
purpose, the eyeball was rotated down by holding the superior
rectus bridle suture. The appropriate size of the upper bulbar
conjunctiva was measured with Castroviejo caliper and marked
with trypan blue. The marked out conjunctiva was elevated
with the subconjunctival injection of normal saline using a
26G needle. A pair of conjunctival scissors was used to make
two parallel incisions in the conjunctiva along with the trypan
blue marks [Figure 1e]. The conjunctival graft was dissected
free from the underlying Tenon’s capsule. The use of plane
conjunctival forceps helps in preventing button holing of the
graft. When the posterior and lateral limits of the graft were
made free, blunt dissection proceeded towards the cornea. This
dissection was continued into the peripheral cornea for about
0.5–1 mm beyond the limbal vascular arcade. The conjunctival
graft was then excised using a pair of sharp Vannas scissors.
The graft was transferred onto the conjunctival defect and
secured.
In the fibrin clot (autologous serum) technique, the four corners
of the graft were then secured over the bare sclera with limbus
to limbus orientation and epithelial surface away from the bare
sclera and natural hemostasis was encouraged and the graft
was left undisturbed for 10 min.
In the glue technique, bare sclera was cauterised if necessary
and was kept dry. The graft was placed over the cornea with
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Figure 1: Intraoperative steps in pterygium excision with conjunctival‑limbal autograft transplantation. (a) left nasal pterygium (b) pterygium is cut at
the limbus (c) after excising off the pterygium (d) excision of subconjunctival tissue (e) lateral margins of the graft are cut. The posterior margin is
being cut (f) graft lying on the cornea with the limbal side still attached (g) graft transplantation (h) well apposed graft

its epithelial side lying in contact with the corneal epithelial
surface and brought near the limbus adjacent to the bare
sclera created. Thrombin solution first followed by fibrinogen
components were applied over the bare sclera and then graft
was transferred onto the bare sclera maintaining limbus to
limbus orientation and keeping the graft epithelium surface
away from the bare sclera. The graft was spread over the bare
sclera with a McPherson forceps and excess glue was removed.
The graft was left undisturbed for 2 min. Graft adherence was
confirmed with a sterile cotton bud.
The donor site was left bare for spontaneous healing. At the end
of the surgery, a drop of ciprofloxacin‑dexamethasone eye drop
was instilled into the conjunctival sac, and the eye was patched.
The patch was removed the next day. Postoperative treatment
included topical ciprofloxacin‑dexamethasone eye drop, 6 times
a day, from the day after surgery for 1 week. Subsequently, the
antibiotic‑steroid eye drop was tapered over 4 weeks. All patients
were reviewed at 2 weeks, 1, 3, 6, and 10 months following
surgery. The patients were advised to wear a pair of dark glasses
during the first 2 postoperative weeks. At every review, visual
acuity, IOP, Keratometry readings were noted, and slit‑lamp
examination was done to look for graft position and signs of
recurrence. Photographs of the operated eyes were taken.
We graded recurrence according to the grading system
developed by Prabhasawat et al. According to this, Grade 1
indicates a normal appearance of the operated site; Grade 2
indicates the presence of fine episcleral vessels without any
fibrous tissue in the operated area, not crossing the limbus;
Grade 3 indicates a conjunctival recurrence with fibrous tissue,
and Grade 4 indicates a corneal recurrence with fibrovascular
tissue invading the cornea.[8]

Results
Our study patient population included 126 eyes of 126 patients
with primary pterygium. Group A included 63 eyes operated

with fibrin clot (autologous serum) technique and Group B
included 63 eyes operated with glue technique. The mean age
of the patients and age distribution of the study population
according to age in both the groups is shown in Table 1.
Pterygium was noted more in the rural than urban population
possibly due to the increased exposure to the sunlight in rural
groups owing to their occupation as farmers. The demographics
of the study patients in the two groups are shown in Table 2.
Details of the pterygium are shown in Table 3.
We followed up on our cases for a minimum of 10 months.
We did not notice recurrence in any of our patients during
the follow‑up period in either group [Figures 2 and 4].
Table 4 summarizes the results. There were no intraoperative
complications. We noticed minimal graft retraction in four
patients in group A (fibrin clot group) on the 1st postoperative
day. Pressure patching with ciprofloxacin eye ointment was
done for 48 h, and the graft retraction decreased in subsequent
visits at 15 days and 1‑month follow‑up. Graft edema was
noted in four patients in Group A [Figure 3] and five patients
in Group B.

Discussion
Surgery is the treatment of choice for pterygium. Various
methods have been explained for excision and graft fixation
with various rates of recurrence. Though graft fixation with
sutures is used commonly, more surgical time, postoperative
discomfort, suture related complications and the need for
suture removal in follow‑up visits make other methods to
be preferred over suture technique. Fibrin clot (autologous
serum) and commercial glue are popularly used techniques
nowadays because of good results superior to suture
technique.
Of the 126 eyes, we did not notice recurrence in any of the
two groups during a follow‑up period of 10 months. Our
results are similar to de Wit et al.[1] and Sharma et al.,[9] who
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Figure 2: No recurrence with fibrin clot (autologous serum) technique (a)
left nasal pterygium (b) postoperative day (POD) 1‑month (c) POD
3 months d) POD 10 months

also did not notice recurrence with the fibrin clot method in
15 and 25 eyes, respectively [Figure 2]. In the glue technique,
no recurrence was noted by Marticorena et al.[10] in 20 eyes
during a follow‑up of 26 weeks.
Graft retraction was noted in 4 patients (6.3%) in Group A
in our study. This is similar to 7.5% of 40 patients in the
Malik KPS et al. study.[11] In Group B, we didn’t notice graft
retraction. Similar results were noticed in Koranyi et al.[7]
study (no retraction) and retraction rates were as low as 2.7%
in 111 eyes in the Vincenzo et al. study.[12] Graft retraction
resolved during further follow‑up in group A with conservative
management.
Graft oedema was noted in 4 patients (6.3%) in
Group A [Figure 4], 5 patients (7.9%) in Group B in our study.
Similar findings were noted in other studies Koranyi et al.[7]
and Marticorena et al.[10] (15%) with fibrin glue technique and
Sharma et al.[9] (8%) in fibrin clot technique. Graft edema was
noticed in immediate postoperative visits, resolved with the
continuation of conservative treatment of antibiotic‑steroid
eye drop in further follow‑up.
Subconjunctival hemorrhage is a known complication in the
fibrin clot method as hemostasis is encouraged, the blood
clot gets absorbed and becomes cosmetically acceptable
within few days. The fibrin glue technique, on the other
side, requires a dry scleral surface before applying the
glue components and minimal cautery may be needed to
arrest the bleeders. Hence, postoperative subconjunctival
hemorrhage is less common with glue technique and
immediate postoperative cosmetic outcome is better with
glue than fibrin clot technique.
Other complications such as graft displacement due to reverse
placement of graft, granuloma, and graft dehiscence were not
noticed in our study because we were careful in the meticulous
dissection of graft from the sub Tenons and in maintaining the
graft orientation. Although the risk of transmission of prion
24

Figure 3: Resolution of graft oedema with fibrin clot (autologous
serum) technique over time (a) right nasal pterygium (b) graft oedema
postoperative day (POD) 1 (c) decrease in oedema by POD 15 (d)
complete resolution of oedema POD 1 month

Table 1: Age distribution of the patients
45
40
35
30
25
20
15
10
5
0

Age distribution n = 126
40 40

20

21

3
20-40 years

41-60 years
Group A

2

>60 years

Group B

Table 2: Demographics of the study population
Variable
Total number
Male
Female
Mean age (years)
20‑40
41‑60
>60
Population
Rural
Urban
Eye involved
Right eye
Left eye

Group A, n (%)

Group B, n (%)

63
31 (49.2)
32 (50.8)
46±20
20 (31.8)
40 (63.5)
3 (4.7)

63
33 (52.4)
30 (47.6)
45±22
21 (33.3)
40 (63.5)
2 (3.1)

54 (85.7)
9 (14.3)

58 (92)
5 (8)

33 (52.4)
30 (47.6)

34 (54)
29 (46)

infections and anaphylaxis was noted rarely with glue,[13] we
did not notice any in our patients with glue in Group B.
The average surgical time was 29.3 min in Group A and
19.6 min in Group B. The time is taken though similar

Journal of Ophthalmology Clinics and Research ¦ Volume 1 ¦ Issue 1 ¦ July-December 2021

Gonugunta, et al.: CLAG with fibrin clot and glue techniques for pterygium

a

c

b

Figure 4: No recurrence with glue technique (a) RE nasal pterygium (b) postoperative day (POD) 1-month c) POD 10 months
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Table 3: Details of pterygium
Variable

Value

Site of pterygium (number patients), n (%)
Nasal
Temporal
Size of the pterygium (mm)
Onto the cornea
Along the limbus
Average defect size (mm)
Average graft size (mm)
Mean follow‑up (months)
Average time taken for surgery (min)
Group A (fibrin clot)
Group B (glue)

122 (97)
4 (3)
2.7±1.0
4.9±1.1
4.9±1.1×3.9±0.8
5.9±1.1×4.9±0.8
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29.3
19.6
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Abstract
Aim of the Study: To determine the prevalence of ocular morbidity among government schoolchildren from Mohsin’s Schoolchildren Eye
Screening Program. Design: A school‑based, observational study design. Participants: Schoolchildren between 1st and 10th standards across
various government schools. Materials and Methods: Students of 429 government schools of Visakhapatnam were covered under this eye
screening program. It was a three‑staged program. In the first stage, 84,727 students were screened for visual impairment and the presence
of any abnormality by trained teachers or optometrists. In the second stage, those who were identified were subjected to a detailed ocular
examination and refraction in the school premises by trained optometrists. Glasses were dispensed for those who improved to normal visual
acuity and treatment was given for minor ailments by optometrists, residents and ophthalmologists requiring further evaluation were referred
to the base hospital for examination and appropriate management by an ophthalmologist in the third stage. Results: 84,727 children from
429 schools were screened. Ocular morbidity was 6.07%. Refractive error was the most common ocular disorder identified in 3.74% with
a significantly high rate among secondary schoolchildren (P < 0.001). Other common abnormalities found were color blindness (1.25%),
allergic conjunctivitis (0.12%), squint (0.08%), infective conjunctivitis (0.02%), amblyopia (0.02%), and lid and adnexal disorders (0.02%).
Conclusion: Ocular morbidity is a significant problem among schoolchildren. Visual impairment due to refractive errors is common and can
be corrected by prescribing glasses. School screening programs are effective and essential in identifying ocular morbidity in schoolchildren.
Keywords: Childhood visual impairment, ocular morbidity, refractive errors, school eye screening

Introduction
Good vision is essential for the psychosocial development
of children. [1] According to population‑based studies in
India, the prevalence of ocular morbidity in children ranged
between 1.3% and 6.54%. [2‑4] Data from school‑based
studies show a prevalence of 13%–45%. [5‑8] The World
Health Organization estimates that 13 million children aged
5–15 years worldwide are visually impaired from uncorrected
refractive error (URE).[9] In India, the prevalence of visual
impairment among children varied between 2.05 per thousand
and 13.6 per thousand.[4,10,11] Refractive error was the main
cause of moderate visual impairment in children and a public
health problem as seen in a study conducted in South India.[2]
Apart from refractive errors, various other ocular morbidities
such as squint, color blindness, and Vitamin A deficiency,
have been variably reported in schoolchildren across the
literature.[5,6,12,13] A wide range of abnormalities such as
Access this article online
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convergence insufficiency, allergic conjunctivitis, viral
conjunctivitis, whole globe abnormalities, corneal opacities,
ptosis, retinal, and neuro ophthalmological causes have been
reported by various studies.[6,13,14] Any such abnormality is
capable of causing visual impairment or discomfort, leading
to an interference with the learning as well as significant loss
of days of attendance from the school.
School‑based eye screening programs are more effective
than other primary eye care models in delivering eye care
to school‑going children.[15] There are established school
screening programs from the National Program for Control of
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Blindness and Visual Impairment to identify visual impairment
in children.[16] To supplement the above programs, many
Non‑Governmental Voluntary Organizations (NGO) conduct
schoolchildren eye screening programs.[17] The purpose of
this program was to screen children studying in Municipal
corporation schools for ocular morbidity. This study aimed
to determine the prevalence and causes of ocular morbidity
among children from Municipal Corporation Schools of
Visakhapatnam, based on data from school eye screening from
the above program. To the best of our knowledge, there is no
data on the prevalence and causes of ocular morbidity among
municipal schoolchildren in this region.

Materials and Methods
This study was based on the data obtained from the
school screening program described below. Mohsin’s
Schoolchildren Eye Screening Program was established
by two NGOs. Children aged 6–15 years, enrolled in the
municipal corporation schools of Visakhapatnam, from 1st to
10th standards were included. Institutional Ethics Committee
approval was obtained and the study was conducted in full
accord with the tenets of the Declaration of Helsinki. These
schools were chosen because the majority of the children
in them are from low‑income groups where awareness
is minimal and accessibility and affordability to eye care
are barriers.[18] After taking written permission from the
municipal authorities, the principals of the schools were
informed and appropriate permission was taken. The school
management informed the parents regarding the study and
informed consent was taken through school diaries. Then,
these children were screened through this program from
April 2019 to March 2020. The process was planned in
three stages. Before the first stage, volunteers who were
nonoptometrist staff from a tertiary eye care center and an
NGO and teachers were trained regarding the identification
of ocular disorders. They were provided with demonstrations
of vision screening using Snellen’s charts and gross ocular
examination to detect a deviated eye (squint), lusterless
eyes or Bitot’s spot, white opacity (corneal or lenticular),
and signs of ocular allergy, etc., using teaching modules. An
ophthalmologist undertook the training of the teachers and
volunteers using the modules. Following this, a screening
was by the optometrists, teachers, and volunteers, which
constituted the first stage of the program. For all the students,
vision screening was performed using Snellen’s charts at six
meters distance in outdoor illumination. Color vision was
examined using an Ishihara’s chart. Ocular examination was
performed using a torchlight.
In the second stage, students with a visual acuity of >6/12 or any
abnormal ocular findings were sent for a detailed examination
by the optometrists, residents, and ophthalmologists within
the school premises on the same day.[19] They carried out
ocular examination including fundus examination, cycloplegic
refraction with cyclopentolate 0. 5% eye drops in selected
cases, either in the mobile unit or in a makeshift room in the

school equipped with an auto refractometer, streak retinoscope,
a slit lamp, and ophthalmoscope.

Operational definitions

Ocular morbidity was defined as an abnormality in any of the
ocular structures, which may or may not be visually significant
and which may or may not require/improve with treatment.[20]
Myopia was diagnosed if spherical equivalent (SE) refraction
was<–0.50 diopter sphere (DS). Hyperopia was diagnosed
if SE was ≥±1.00 DS and astigmatism if cylindrical power
was ≥±0.75 diopter cylinder (DC) in either eye.[21] A child
was considered myopic or hyperopic if at least one eye was
defective. Other ocular conditions were diagnosed based on
standard diagnostic criteria. Children with refractive errors
were prescribed appropriate glasses and the spectacles were
dispensed in the schools. Those with ocular abnormalities
which could be managed at the field level were treated
with medication where possible. Other cases where the
further examination was necessary were referred to the base
hospital. In the third stage, children who reported to the base
hospital underwent an examination by an ophthalmologist
and appropriate management was advised. The children who
were diagnosed to have refractive errors and amblyopia were
prescribed glasses with amblyopia therapy in the form of
occlusion therapy. Those with allergic conjunctivitis were
prescribed antihistamine drops. Those with lid problems
such as hordeolum and blepharitis were prescribed topical
antibiotics. Those with cataracts and squints were advised
surgery where necessary. This was done by an ophthalmologist
at the base hospital.
Data were entered in preexisting formats in MS Excel and
analyzed in Statistical Product and Service Solutions, version,
24, IBM corporation, Armonk, New York, USA, 2016.
Descriptive statistics were represented with frequencies and
percentages. 95% confidence intervals (CI) were calculated.
A Chi‑square test was applied. P < 0.05 was considered
statistically significant. The children were divided into primary
school (1st–5th standards), upper primary school (6th and
7th standards), and secondary school (8th, 9th, and 10th) students
based on the class in which they studied.

Results
Under the municipal corporation of Visakhapatnam, there
were 429 government schools. A total of 98,623 children were
enrolled in these municipal corporation schools. 84,727 (85.9%)
of these were screened. The remaining numbers were lost to
screening due to their absence from their respective schools
during the time of the screening. The three‑tier system of
screening adopted and the numbers identified at each stage, in
brief, are shown below in Figure 1. The mean age of the students
was 10.5 years with a standard deviation of 2.32 years (range:
6–15 years, mean 10.5 ± 2.32). 43,206 (50.9%) of them were
female and 41,521 (49%) were male. A total of 6106 students
were identified with ocular abnormalities in the first stage.
Among these, the total number of ocular morbidities identified

Journal of Ophthalmology Clinics and Research ¦ Volume 1 ¦ Issue 1 ¦ July-December 2021

27

Syamala, et al.: School eye screening results

Figure 1: Flow chart showing the three‑staged screening procedure adopted and numbers identified at each stage

after the final optometrist evaluation (the second stage) in the
school premises was 5146 (6.07%). Refractive error was the
most common ocular disorder identified in 3165 (3.73%) cases. It
was more common in secondary schoolchildren (P < 0.001with
95% CI), but there was no association with gender. Among
these, 1064 students (1.25%) were already wearing glasses,
whereas 2101 (2.47%) of students were newly diagnosed
with refractive errors and were provided with spectacles. The
prevalence of refractive error in each school group was as
shown in the table below [Table 1]. The most common type of
refractive error was myopia (2.16%). Myopia also was more
common in secondary schoolchildren (P < 0.001 with 95%
CI) but there was no association with gender. The prevalence
of the other refractive errors was astigmatism – 1.43% and
hyperopia – 0.12%. The power‑wise distribution among each
school group is shown in Table 2. In the second stage, 113 cases
with other ocular morbidities were treated within the school
premises by the optometrists, residents, and ophthalmologists,
by administering necessary topical medications. They
included allergic conjunctivitis (87), infective bacterial/viral
conjunctivitis (21), hordeolum (3), and dry eyes (2).
1868 (2.2%) students were identified for base hospital
referral. Among these, only 1223 (65.4%) reported for further
examination. The spectrum of the total ocular morbidities,
i.e., those treated in the second stage (apart from refractive
errors) as well as those who reported to the base hospital
is shown below in Figure 2. The various ocular morbidities
diagnosed in stage three have been listed below in Table 3.
The number of false positives from the first stage was 960. The
false positivity rate for screening in the first stage was 1.19%.
28

Table 1: Distribution of refractive errors in each class
group
Class group
Primary school
Upper primary school
Secondary school

Number of cases/
number of students

Percentage

701/37,212
845/18,026
1619/29,489

1.88
4.68
5.49

Discussion
The prevalence of ocular morbidity diagnosed through this
school screening program in Visakhapatnam was 6.07%. This
prevalence rate is similar to the rate of ocular morbidity found
by Kemmanu et al. in the Pavagada Pediatric Eye Disease
Study 2.[14] This study also was conducted in the Southern part
of the country. The ocular morbidity reported from previous
studies was higher when compared to our study.[3,5,6,13]This
could probably be attributable to the racial and geographic
differences.[22] Refractive error was the most common cause
identified in 3.74%. This prevalence was significantly higher
in the secondary school group (P < 0.001). There was no
association with gender. The most common type of refractive
error was myopia (2.16%). Again, it was more common
in secondary schoolchildren (P < 0.001) but there was no
association with gender. Multiple other studies conducted in
our country stated similar results that the most common error
was myopia.[19,21,23‑26] However, in a study from Manipur, the
most common refractive error found was astigmatism.[3] This
again could be attributable to the racial differences.[27] There
was a statistically significant association with the high school
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Table 2: Distribution of refractive errors in each class group based on the magnitude of power and type of error
Refractive
error in
diopters

Total, n (%)

Primary school
1‑5th
701/37,212 (1.9%)

3165/84,727
(3.7%)
SM

SMACMA

Upper primary school
6th, 7th
845/18,026 (4.7%)
HM,
HMA

SM

SMA,
CMA

Secondary school
8th‑10th
1619/29,489 (5.5%)
P<0.001 with 95% CI

HM,
HMA

SM

SMA, CMA

HM,
HMA

Mild
0.75‑2.25
2436 (76.96)
342
182
33
370
248
31
746
454
30
Moderate
2.5‑4.50
656 (20.72)
70
29
33
112
59
18
172
155
8
4.75‑5.75
67 (2.11)
6
6
0
7
0
0
11
37
0
Severe
6.00‑6.75
6 (0.18)
0
0
0
0
0
0
0
6
0
Total
3165 (100)
418 (13.2) 217 (6.85) 66 (2.08) 489 (15.45) 307 (9.69) 49 (1.54)
929 (29.35)
652 (20.60) 38 (1.20)
SM: Simple Myopia, SMA: Simple Myopic astigmatism, CMA: Compound Myopic astigmatism, HM: Hypermetropia, HMA: Hypermetropic astigmatism

Table 3: Various ocular morbidities identified in Stage 3

1200

Ocular morbidity (%)

Associated morbidities

1000

Color blindness (1.25)

Color blindness alone
Color blindness refractive error
Color blindness, refractive error,
blepharitis
Simple allergic conjunctivitis
Vernal conjunctivitis
Vernal conjunctivitis and
keratoconus suspect
Esodeviations
Exodeviations
Anisometropia due to hyperopia
Anisometropia due to myopia
Isoametropia due to hyperopia
Strabismic amblyopia
Chalazion
Chalazion, refractive error
Blepharitis
Dermoid cyst
Papilloma
Hordeolum
Cataract
Cataract with nystagmus
Sensory nystagmus
Simple congenital ptosis
Simple ptosis with refractive error
Blepharophimosis syndrome
Coloboma
Anophthalmos

Lid and adnexal
disorders (0.02)

Cataracts (0.01)
Nystagmus (0.01)
Congenital
abnormalities (0.01)

group implying an association with higher ages. It is known
that this is due to the growth spurt that occurs at this age. This
is in accordance with previous literature.[2,6,13] However, we did
not find any association with gender. Bigyabati et al. found
a correlation between female gender and refractive error.[3]
Possible female preponderance in their study could be due to
the differences in the cultural and social behavioral patterns in
the rural areas. Our population was an urban population and
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1
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1
1
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(0.02)

Numbers

Number of students

Figure 2: Spectrum of ocular morbidity other than refractive errors

all cases belonged to a predominantly low‑income group. The
prevalence of URE in our study was 2.49%. This was much
lower than the rates found by Padhye et al. in a study conducted
by them in Maharashtra, where they reported a rate of 5.46%
in the urban population and 2.63% in the rural population.[28]
Our population could have possibly been an urban population
who migrated from rural areas. This could explain the lower
prevalence when compared to other studies stating higher
prevalence among urban populations. The number of students
with UREs of more than 2D magnitude was 359. Such a high
degree of refractive error indicates that this would have been
long‑standing and has been diagnosed only during a school
screening.[29] These could perhaps reflect poor awareness
among parents and hence the necessity for screening, especially
in government schools. These programs are particularly useful
in children who do not complain of defective vision or are
usually too young to notice any difference in their acuity.
They might compensate by squeezing their eyes, sitting
close to the blackboards or by noting down from a classmate.
Some might presume that others have the same visual acuity
as theirs. The rate of newly diagnosed refractive errors was
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much higher than the existing ones highlighting the need for
an effective screening strategy. The rates of myopia (2.16%),
astigmatism (1.43%), and hyperopia (0.12%) were similar to
a study conducted in Maharashtra by Padhye et al.[28] Agarwal
et al. found Vitamin A deficiency to be the most common cause
of morbidity in their study from Central India in contrast to the
present study where the refractive error was the most common
cause. However, they included the rural population as well.[13]
Among the other disorders, color blindness (1.2%), allergic
conjunctivitis (0.12%), and strabismus (0.08%) were the most
common. Similarly, Gupta et al. found squint (2.5%) and color
blindness (2.3%) to be more common after refractive errors.[5]
However, their rates were higher. Agarwal et al. reported
a prevalence of 0.2% in the urban population for squint.[13]
Bigyabati et al. reported 0.1% prevalence for squint.[3] Dandona
et al. found cataracts to be more common after refractive errors
with a prevalence rate of 2.16% and 3.65% in urban and rural
areas, respectively.[2] This was a population‑based study. We
found a prevalence rate of 0.009% for cataracts. Amblyopia
was seen in 0.02% of the cases and the most common cause
was anisometropic hyperopia. This is similar to the 0.08%
reported in the urban population by Dandona et al.[2] Higher
rates were reported by Agarwal et al.(0.4%) and Gonsalves
et al. (0.37%).[13,19] The prevalence of Vitamin A deficiency
in this program was only 0.002%; this was much lesser than
that found by previous studies. This could be because ours
was predominantly an urban population and this improves the
accessibility to programs with Vitamin A supplementation.
The prevalence of these ocular morbidities was not analyzed
according to the class group or gender because of the small
sample size in each group. We had analyzed only visual
impairment in this study but not blindness.
Among the 1868 cases referred, only 1223 (65.4%) came for
an examination in the hospital. This could be due to the low
awareness and the economic constraints among the parents
who usually belong to the low socioeconomic groups. There
is a necessity to implement appropriate strategies to improve
the reporting to the base hospitals. These could include the
prior spread of awareness regarding the importance of such
ocular ill health and the involvement of the teachers and the
principals of schools in seeing that the referred students reach
the base hospital by close follow‑up and repeated motivation.
The false positivity rate of screening in the first stage was
1.19%. The positive predictive value of school vision screening
by teachers, volunteers and optometrists in the first stage
was 81.30%. In a study by Gurvinder et al., the positive
predictive value was only 47.25%.[12] Shukla et al. reported a
positive predictive value of 68.9% in their study.[25] The high
value in our study could be due to the involvement of trained
optometrists along with teachers as compared to the above
studies where only teachers were involved. The false‑positive
rate could also signify that some students were unfamiliar
with the standard screening procedures and had not performed
correctly in the first stage. A repeat examination could have
30

made them more accustomed to the procedure and they
could have possibly performed better. A false‑positive rate
is always better than a false‑negative rate as it only increases
the chance of diagnosing a disorder by re‑examination by a
trained optometrist.
Furthermore, as many as 1061 cases with color blindness
were picked (1.25%). The prevalence of color blindness in
various other studies was 2.3% (Gupta et al. from Shimla),
3.3% (Agarwal et al. from Madhya Pradesh), 0.98% (Gonsalves
et al. from Karnataka), and 0.02% (Mallireddy et al. from
Andhra Pradesh).[5,13,19,30] Most people realize that this defect
only after a routine medical test is done before recruitment
into a service or a job. Diagnosing these disorders early
during childhood would help the children and the family plan
the professions accordingly. Hence, the authors recommend
that color vision screening also should be included in school
screening programs.
The strength of this study is its large sample size, high coverage
of the population of up to 86%, and the three‑tier system
of examination adopted. Free spectacles were provided in
the field which could provide further motivation for these
families to attend such programs in future. This system could
be a very efficient model in picking up ocular disorders given
the extensive coverage and the pick‑up rate, especially in a
scenario wherein trained manpower and the utility of health
infrastructure by the public are low. The limitations of this
study were that students who were absent during the screening
were missed. This could be addressed by planning a future
program to cover these students. The analysis of other ocular
morbidities based on the class group or gender was not made
due to the small sample size. Furthermore, more than 30%
of the patients referred to the base hospital did not turn up.
Hence, the cause of the morbidity could not be analyzed in
these cases. Negative screening done by the teachers in the
first stage was not confirmed by the optometrists. There could
have been a certain number of false negatives which could
have been missed.

Conclusion
To conclude, ocular morbidity is a significant problem among
schoolchildren. Refractive errors were the most common cause
identified and could easily be treated by dispensing glasses
by our NGO teams at the school premises. UREs can cause
amblyopia and permanent visual impairment. These errors
can be corrected if detected early. Such school screening
programs are indispensable for their detection as large
numbers of children can be screened easily with the help of
trained personnel, including teachers. These children probably
would not have been brought by their parents to the hospital
for an ocular examination by themselves. These would also
help policymakers to design such programs in the future so
that avoidable visual impairment in children is minimized.
Strategies to improve the rate of reporting to the base hospital
need to be implemented.
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Abstract
Corona virus (covid-19) pandemic has shaken the entire world, its wide spread transmission has restricted everybody’s day to day life,
ophthalmologists are no exception, but in greater danger, as most of ophthalmologic examinations include close contact between patient
and doctor, increasing the risk of transmission of deadly covid-19 virus. Adopting certain measures in ophthalmic practice reduces the
transmission risk. Various ophthalmic manifestations of covid 19 includes follicular conjunctivitis, viral keratoconjunctivitis, hemorrhagic and
pseudomembranous conjunctivitis, Central retinal vein occlusion (CRVO), Central retinal artery occlusion (CRAO) Cerebrovascular accident
(CVA) with vision loss, Mucormycosis etc. For this review, literature search was conducted in PubMed and Google Scholar databases by using
terms coronavirus, SARS-CoV-2, COVID-19, ophthalmology, ophthalmologist, telemedicine in ophthalmology and their combinations to gather
efficient information that can enhance the daily practice. Most important modifications include personal protective equipment, environmental
measures (air ventilation, instrument handling), administrative measures (physical distancing, triage setup). Vaccination plays a crucial role
in hampering the effect of covid crisis, it should be given significant importance and extensive awareness. Telemedicine can change the entire
scenario in doctor-patient relationship and everyone should have thorough knowledge about its guidelines. All these measures need gigantic
efforts in reducing the covid-19 effect, paving the path for the “NEW-NORMAL”.
Keywords: Covid-19, ophthalmic practice, preferred practice pattern

Introduction
Coronavirus disease‑2019 (COVID‑19) has been declared
as a public health emergency of international concern. It
is highly transmissible and has a significant fatality rate,
especially in the elderly and those with comorbidities such as
immunosuppression, respiratory disease, and diabetes mellitus
and obesity. It was concluded that severe acute respiratory
syndrome‑coronavirus‑2 (SARS‑CoV‑2), which causes
COVID‑19, spreads primarily through droplets of saliva or
discharge from the nose when an infected person talks, coughs,
or sneezes.[1] Currently, reverse transcriptase‑polymerase chain
reaction (RT‑PCR) detection of the viral genome in the upper
respiratory tract swabs is the most reliable diagnostic test.[2]
Every profession has been affected by COVID‑19 either directly
or indirectly, ophthalmic practice is not an exclusion. Following
certain guidelines at various levels will help reducing transmission
of COVID‑19 and getting adopted to “NEW‑NORMAL.”

Methods of Literature Search
A literature search was conducted in PubMed and Google

Ophthalmic manifestations of COVID‑19

Presentation of covid-19 virus disease occurs in wide
varied ways. Every ophthalmologist must have knowledge
about the ophthalmic manifestations, so that extra care and
multidisciplinary approach can be taken to treat the condition.
The various ophthalmic manifestations of covid 19 are listed
in Table 1 and Figure 1.[3]
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Figure 3 shows a broad timeline of the different ophthalmic
manifestations of COVID‑19. They can be divided into
those which present with ocular symptoms initially (before
COVID‑19), within the 1st week of infection (acute, day 0–day 7),
between the 2nd and 3rd week since the onset of COVID‑19
symptoms (Subacute, day 7–day 20) and those which present
as late sequelae of the infection (delayed, after 20 days).[9]

areas where necessary.[6] During the ophthalmic examination,
the face‑to‑face proximity of the slit‑lamp biomicroscopic
examination may place the ophthalmologist at a higher risk
of aerosolized particles from respiratory droplets and contact.
Installing large protective plastic shields on slit lamp minimizes
the risk of droplet contamination between the patient and the
ophthalmologist [Figure 2].[7]

General Considerations

The communicable diseases control recommendations for
disinfectants specific to COVID‑19 include:[8]
• Sodium hypochlorite 0.5%–1%– preferable freshly
prepared every day
• Alcohol solutions with at least 70% isopropyl alcohol.

Personal protective equipment

AAO[4] has published a report advising ophthalmologists
to wear masks and eye protection when caring for patients
potentially infected with COVID‑19. Anecdotal reports
suggested that, when no eye protection was worn, COVID‑19
could be transmitted by aerosol contact with the conjunctiva.
Personal protective equipment (PPE) are protective gears
designed to safeguard the health of workers by minimizing
exposure to a biological agent. Components of PPE are
goggles, face shield, mask, gloves, coverall/gowns (with or
without aprons), head cover, and shoe cover. PPE at various
departments of the hospital as given by the Ministry of Health
and Family Welfare is mentioned in Table 2.[5]

Environmental Measures
The objective of environmental control was to prevent the
spread and reduce the concentration of infectious droplets in
ambient air. Air ventilation at the waiting areas can be enhanced
through the opening of the fresh air dampers in the air handling
equipment. Mobile high‑efficiency particulate air (HEPA)
units addition augments the total air change rates in waiting

Disinfection of instruments including slit lamps, controls,
accompanying breath shields and tonometer tip, keyboards,
desks, door handles, and chairs after examination of each
patient must be performed.[6]

Administrative Measures
Physical distancing and triage systems are the most important
key factors in administrative measures. A proper protocol or
policy implementation at the administration level will reduce
the transmission of COVID‑19.
Physical distancing (maintaining at least 6 feet between
people) is an important strategy to prevent SARS‑CoV‑2
transmission.[9]
• Limiting visitors to the facility to those essential for the
patient (care partner and parent)
• Scheduling appointments to limit the number of patients
in waiting rooms or creating a process so that patients can

Figure 1: A broad timeline of the different ophthalmic manifestations of COVID‑19. They can be divided into those which present with ocular symptoms
initially (before COVID‑19), within the first week of infection (Acute, Day 0‑day 7), between the second and third week since the onset of COVID‑19
symptoms (Subacute, day 7‑day 20) and those which present as late sequelae of the infection (Delayed, after 20days)
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Table 1: Various ophthalmic manifestations of Coronavirus disease 2019
Anterior segment manifestations

Posterior segment manifestations

Neurophthalmic manifestations

Orbital manifestations

Follicular conjunctivitis
Viral keratoconjunctivitis
Hemorrhagic and
pseudomembranous conjunctivitis
Episcleritis

CRVO
Papillophlebitis
Dacryoadenitis
CRAO
Optic neuritis
Retroorbital pain
AMN
Adie’s tonic pupil
Orbital cellulitis and sinusitis
PAMM
MFS and cranial nerve palsy
Mucormycosis
Vitritis and outer retinal abnormalities
Neurogenic ptosis
Orbital histiocytic lesion
ARN
CVA with vision loss
Serpiginous choroiditis
CRVO: Central retinal vein occlusion, CRAO: Central retinal artery occlusion, AMN: Acute macular neuro retinopathy, PAMM: Paracentral acute middle
maculopathy, ARN: Acute retinal necrosis, MFS: Miller fisher syndrome, CVA: Cerebrovascular accident

•

wait outside or in their vehicle whereas waiting for their
appointment
Arranging to seat in waiting rooms so patients can sit at
least 6 feet apart [Figure 3].

A triage station setup is a must at the entrance of the eye clinic.
All patients and their accompanying persons must be screened
using infra‑red thermometers. Fever patients can be provided
with health advice pamphlets and should be advised to seek
medical attention and reschedule their eye clinic appointments
if their eye conditions are nonurgent. Those with urgent eye
conditions and fever are seen by the on‑call ophthalmologist
either at the Accident and Emergency Department, or separate
areas earmarked for the purpose.[6]
Usage and daily correspondence of health declaration form
by employee or health‑care worker and its surveillance help
in identifying the recent activities of employee which may
aid in the transmission of COVID‑19. The health declaration
form should include
a. Experience of any flu‑like symptoms (fever, cough,
breathlessness, and breathing difficulty) since yesterday
b. Experience of flu‑like symptoms by a family member or
roommate since yesterday
c. Whether employee attending any get‑together or present
in a crowded place or not, since yesterday
d. Whether employee/family member/roommate returned
from any intercity travel since yesterday
e. Whether employee/roommate/family member came in
contact with any COVID‑19 positive people since yesterday.

Guidelines for Cataract Surgery During Covid
Times
Preoperative cataract surgery assessment
a.

b.
c.
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Patient to be examined after screening for COVID‑19
by checking temperature, eliciting a history of fever,
cough, cold, and taking COVID‑19 consent in outpatient
department.
Patient vaccination status can be noted.
COVID‑19 suspects to be referred to the nearest COVID‑19
treatment center and surgery to be deferred until the
patient recovers with a negative RT‑PCR test.

Figure 2: Slit lamp microscope with protective shield to reduce the risk
of droplet contamination in between ophthalmologist and patient while
examination

Figure 3: Marking on the seating arrangements, so that physical
distancing can be maintained.

d.
e.
f.

Rapid test/RT‑PCR can be used to screen elective
surgery patients, but it has to be within 24–48 h before
surgery.
Better to do intraocular pressure measurement by iCare
tonometry or applanation tonometry
Regurgitation on pressure over the lacrimal sac area
should be used to rule out dacryocystitis or patency can
be evaluated by fluorescein dye disappearance test. If
necessary in suspected cases of dacryocystitis, lacrimal
syringing should be done with necessary PPE
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Table 2: Personal protective equipment for hospital staff at the various department
Setting

Activity

Risk

Recommended PPE

Remarks

Help desk/
registration counter

Provide information to patients

Mild risk

Physical distancing to be followed
at all times

Doctor
(ophthalmologist)
chamber

Clinical management

Moderate
risk

Preanesthetic
check‑up clinic

Preanesthetic check‑up

Moderate
risk

Pharmacy counter

Distribution of drugs

Mild risk

Operation theatre

Performing surgery, administering general
anesthesia

Moderate
risk

Triple‑layer medical mask
Latex examination gloves
N‑95 mask
Goggles
Latex examination gloves
Face shield
N‑95 mask
Goggles*
Latex examination gloves
Triple‑layer medical mask
Latex examination gloves
Triple layer medical mask
Face shield (wherever feasible)
Sterile latex gloves + goggles
N‑95 mask#

Sanitation

Cleaning frequently touched surfaces/
floor/changing linen

Low risk

Aerosol generating procedures
anticipated
Face shield
Only recommended when close
examination of oral cavity/
dentures is to be done*
Frequent use of hand sanitizer is
advised over gloves
Already OT staff shall be wearing
for personnel involved in aerosol
generating procedures
If the person being operated upon
is a resident of containment zone*

Triple Layer medical mask
Latex examination gloves
Routine laboratory
Sample collection and transportation and
Mild risk
Triple‑layer medical mask
testing of routine (nonrespiratory) samples
Latex examination gloves
PPE: Personal Protective Equipment; * Only Recommended when close examination of oral cavity/dentures is to be done. # If the person being operated
upon is a resident of containment zone

g.
h.

i.

Pulse oximetry is recommended for all patients and spo2
more than or equal to 96% is ideal for surgery
Biometry ideally to be recorded by an optical method. If
manual/immersion biometry is done, decontamination
of the probe must be done after every case as per the
disinfection protocol
While doing laboratory investigations, proper PPE should
be maintained.

At counseling station
•
•
•
•
•

Other than regular consent forms, specific COVID‑19
consent forms are to be signed by the patient attendant
and doctor
Reduce the chair time during counseling by showing videos
of different surgical and intraocular lenses (IOL) options
Inform that only one attendant to accompany the patient
on the day of daycare surgery.
Encourage cashless transactions
Advice to avoid social gatherings till the day of surgery
and also a minimum of 15 days after surgery.

At admission desk
•
•
•
•

Hand hygiene (sanitizer) and thermal screening of patient
and attendant before entry point into the hospital building
Check COVID‑19 test reports if advised as a screening.
Defer by 2 weeks at least if positive.
Make sure both patient and attendant are wearing 3‑ply
mask
Recommended investigations on the day of surgery to be
done before breakfast.

At daycare ward
•
•
•

Vital parameters to be checked and documented including
pulse oximeter
The patient is given a clean dress to wear
The eye to be operated is marked with a sticker.

At anesthesia (block) room
•
•
•
•

Case sheet and consumables (IOL and CTR) to be handled
only by OT staff
The patients are instructed to wear a clean OT gown over
the patient dress
All eye medications are to be instilled preferably by
no‑touch technique
Routine antiseptic protocol to be used whereas
administering peribulbar anesthesia.

At operation theater
•
•
•
•
•
•
•
•
•

Only one surgical patient is in an operating room at a time
Allow 3 min contact time of povidone‑iodine 5% for
conjunctival surface and 10% for periocular cleaning
Monitor SpO2 during surgery
Avoid spillage of body fluids
Phaco tubing to be cleaned after each surgery with
alcohol‑soaked pads
Operating table and surrounding surfaces to be disinfected
after each case
OT room to be cleaned as per the guidelines given by the
ministry of health
Adequate time should be given for air exchange
OT doors may be opened into the clean corridor to allow
for dilution
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•

Staff should wear necessary PPE according to the Hospital
and National Guidelines for Ophthalmic Surgery.

At day care room/discharge
•
•
•
•

On receiving the patient, monitor SpO2 again and
document
Patient counseled regarding postoperative regimen and
safety measures to be followed, preferably using a video
Appointment for postoperative follow‑up fixed according
to the hospital protocol, ensuring adequate time gap
between patient appointments
After 1 h of observation, the patient can be discharged.

Vaccination
COVID‑19 vaccines have proven to be safe, effective, and
lifesaving. Similarly, all vaccines, they do not fully protect
everyone who is vaccinated, and we do not yet know how well
they can prevent people from transmitting the virus to others.
Hence, as well as getting vaccinated, we must also continue
with other measures to fight the pandemic.[10]
We should encourage patients to get vaccinated as early as
possible. All the hospital health workers should get vaccinated
on a priority basis such as exposure, transmission risks are
more.
A gap of 2 weeks between ophthalmic surgical procedure and
vaccination is considered ideal for benefit of the patient.

Telemedicine
Telemedicine is defined as the use of information technologies
to support health care between participants who are
separated from each other.[11] It represents a combination of
expertise and technology that delivers medical services and
information over distance.[12] During the current COVID‑19
crisis, telemedicine has a huge impact on treating patients
who are suffering from illness and do not need an in‑person
consultation for treatment. Certain guidelines are issued by
the Ministry of Health and Family Welfare, Government of
INDIA for teleconsultation.[13]

The Principles of Telemedicine Include
•

•

•
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The professional judgment of a registered medical
practitioner (RMP) should be the guiding principle: An RMP
is well positioned to decide whether a technology‑based
consultation is sufficient, or an in‑person review is needed.
The practitioner shall exercise proper discretion and not
compromise on the quality of care
The RMP can choose not to proceed with the consultation
at any time. At any step, the RMP may refer or request
an in‑person consultation. If a case requires a video
consultation for examination, RMP should explicitly ask
for it
At any stage, the patient has the right to choose to
discontinue the teleconsultation.

The Following Are the Salient Features
1.

The RMP should exercise their professional judgment to
decide whether a telemedicine consultation is appropriate
in a given situation or an in‑person consultation is needed
in the interest of the patient
2. Telemedicine consultation should not be anonymous: Both
patient and the RMP need to know each other’s identity
3. MODE OF TELEMEDICINE: Multiple technologies can
be used to deliver telemedicine consultations.
a. VIDEO: Telemedicine facility, Apps, Video on chat
platforms, and Facetime
b. AUDIO: Phone, VOIP, and Apps
c. TEXT BASED: Specialized Chat‑based Telemedicine
Smartphone Apps, SMS, Websites, messaging
systems, for example, WhatsApp, Google Hangouts,
and FB Messenger
d. ASYNCHRONOUS US: e‑mail, Fax, recordings, etc
	All these technology systems have their respective
strengths, weaknesses, and contexts, in which they may
be appropriate or inadequate to deliver proper care.
4. Patient consent is necessary for any telemedicine
consultation, it can be implied or explicit
5. RMPs must make all efforts to gather sufficient medical
information about the patient’s condition before making
any professional judgment by exchange of information for
patient evaluation. RMP shall maintain all patient records
including case history, investigation reports, and images
as appropriate
6. An RMP may impart health promotion and disease
prevention messages and provide counseling related to
the specific clinical condition
7. Prescribing medications, through telemedicine
consultation, are at the professional discretion of the
RMP. It entails the same professional accountability as in
the traditional in‑person consult. Prescribing medicines
without an appropriate diagnosis/provisional diagnosis
will amount to professional misconduct, so RMP should
prescribe medicines ONLY when RMP is satisfied that he/
she has gathered adequate and relevant information about
the patient’s medical condition
8. If the RMP has prescribed medicines, he/she shall
issue a prescription as per the Indian Medical
Council (Professional Conduct, Etiquette, and Ethics)
Regulations and shall not contravene the provisions of
the Drugs and Cosmetics Act and Rules
• RMP shall provide the photo, scan, a digital copy of
a signed prescription, or e‑prescription to the patient
through e‑mail or any messaging platform
• In the case, the RMP is transmitting the prescription
directly to a pharmacy, he/she must ensure explicit
consent of the patient that entitles him/her to get the
medicines dispensed from any pharmacy of his/her
choice.
9. Principles of medical ethics including professional norms
for protecting patient privacy and confidentiality as per

Journal of Ophthalmology Clinics and Research ¦ Volume 1 ¦ Issue 1 ¦ July-December 2021

Potti and Sakare: Ophthalmic practice in current covid crisis

the IMC Act, shall be binding, and must be upheld and
practiced.
10. Patient records, reports, documents, images, diagnostics,
data etc. (digital or nondigital) utilized in the
telemedicine consultation should be retained by the
RMP.

3.
4.

5.

Conclusion
COVID‑19 has impacted everyone’s life professionally,
personally, and financially. Adopting the proper
guidelines given by certain bodies as mentioned above will
help to get to “NEW‑NORMAL,” preventing and protecting
from this dangerous virus. Telemedicine can be applied
by every practitioner to reduce the frequency of patient
visits to the hospital as well as to hamper the COVID‑19
transmission.
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Commissioned Article

Visual Fields in Glaucoma ‑ An Overview
Visual fields are the gold standard in the field of glaucoma which aids in the diagnosis and in setting the target intraocular
pressure (IOP) to arrest progression and onset of new field defects. Understanding of single‑field analysis printout is mandatory
for a systematic approach to interpreting visual field printout. It is divided into 11 zones. Broadly, these 11 zones can be classified
into two groups:
Group 1 consists of zones independent of normative data and
STATPAC analysis.
Zone 1 Patient data/test data
Zone 2 Reliability indices
Zone 3 Raw data
Zone 4 Gray scale
Zone 11 Gaze tracking.
Group 2 consists of zones dependent on normative data and
STATPAC analysis.
Zone 5 Total deviation numerical plot (TDNP)
Zone 6 Total deviation probability plot (TDPP)
Zone 7 Pattern deviation numerical plot (PDNP)
Zone 8 Pattern deviation probability plot (PDPP)
Zone 9 Global indices
Zone 10 Glaucoma hemi‑field test.

Zone 1
Patient data and test data should be exactly similar to that given in the order form for visual field testing, which is mandatory to
obtain an overview printout. The age of the patient should be entered accurately otherwise age‑matched data will be inaccurate.

Zone 2 and Zone 11: Reliability Indices and Gaze Tracking
Performance by the patient is gauged by the reliability indices and gaze tracking. The least false positives (FPs), false
negatives (FN), and fixation losses (FLs) indicate good reliability. The FP index is the most important and useful of the three
available reliability indices. FP exceeding 15% is strongly associated with compromised test results and the test should be repeated.
Try achieving reliability indices near to 100% perfection, especially in cases of glaucoma suspect. In gaze tracking, upward
deflections indicate gaze error. Downward deflections indicate absent pupil images or corneal reflexes (usually from blinks).

Zone 3: Raw Data
It is the measured retinal sensitivity in dB units at that particular point. The numerical value is directly proportional to the retinal
sensitivity. A < sign in front of 0 indicates an absolute scotoma. A < sign in front of a numerical value indicates the time to change the
bulb or need to calibrate the machine. Low retinal sensitivity in the central 16 points of 24‑2 (where higher sensitivity is anticipated)
is an indication to repeat the test with 10‑2 and assess if glaucoma is originating in the central 10° circle area.
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Zone 4: Gray Scale
Gray scale is the pictorial form of the raw data where different shades of gray are given for a different range of sensitivity.
Gray scale gives valuable information regarding the pattern of the field defect, the multicenter origin of glaucoma, depth of the
scotoma (increase in the dark shade), and horizontal and vertical progression on follow‑up tests. The main disadvantage of the
gray scale is that a mild‑to‑moderate loss of sensitivity in the central 10° area will not be appreciated at the earliest, owing to
its brighter shade.

Zone 5: Total Deviation Numerical Plot
TDNP is nothing but raw data expressed as deviation values from the normative data (deviation from the normal slope of the
hill of vision). The exact depth of the scotoma is known from TDNP.

Raw data are expressed as deviation values from the normative data (the deviations from the normal slope of the hill of vision)
in total deviation numerical value. The normative data at 1, 2, and 3 are 33, 30, and 30 dB, respectively (normative data − raw
data = TDNP).

							

Points above the normal slope of vision are better sensitivity points.

							

Points on the normal slope of vision are no loss of sensitivity points.

							

Points below the normal slope of vision are loss of sensitivity points.
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The numerical values of TDNP can be divided into three groups:
Group 1 ‑ The deviation values without any sign (yellow‑colored dots). These are points with sensitivity better than normal.
These points will be above the normal slope of the hill of vision.
Group 2‑0 deviation (green‑colored dots). These are the points with no loss of sensitivity. These points are positioned on the
normal slope of the hill of vision.
Group 3 ‑ The deviation values with −ve sign (red‑colored dots). These are the points with a loss of sensitivity. Higher the deviation
value deeper is the scotoma and vice versa. Superficial scotomas with lesser deviation will be close to the normal slope of the hill
of vision. Note that TDNP most of the time may not have Group 1 point. In an early localized scotoma, most of the points will
be either on or close to the normal slope of the hill.

Zone 6: Total Deviation Probability Plot

TDNP

TDPP gives the extent and pattern of the field defect but not its depth. STATPAC calculates
the P value of the points with a loss of sensitivity. Each deviation value of the TDNP is given
a symbol according to its P value and is plotted as a TDPP. The superficial scotomas will
be represented by P values ranging from <5% to 1%. The deep scotomas are represented
by P < 0.5% (black square). A black square represents a wide range of a loss of sensitivity
usually from 6 dB onward. Cataract patients will have a loss of sensitivity >6 dB at most of
the points. Probability plots in case of cataracts show uniform generalized depression with
black squares at most of the points. If this cataract patient develops a localized field defect
either due to glaucoma or any other cause, he/she will not be appreciated in TDPP as the
majority of points were already black squares. Hence, pattern deviation plots are created to
identify these localized field defects in generalized depression. This localized field defect
can be appreciated in the raw data, gray scale, total deviation numerical plot though masked
in the generalized depression of TDPP.

TDPP

P value

P < 5% indicates that this degree of loss of sensitivity at that point is seen in <5% of
normal population. The P < 5% is represented by:						

P < 5%

P < 2% indicates that this degree of loss of sensitivity at that point is seen in <2% of
normal population. The P < 2% is represented by:						

P < 2%

P < 1% indicates that this degree of loss of sensitivity at that point is seen in <1% of
normal population. The P < 1% is represented by:						

P < 1%

P < 0.5% indicates that this degree of loss of sensitivity at that point is seen in <5% of
normal population. The P < 0.5% is represented by:						

P < 0.5%

Zone 7 and Zone 8: Pattern Deviation Plots
The basic concept behind the creation of pattern plots is to remove generalized depression from total deviation plots till a
certain percentage of points are not represented by any P value in PDPP. The dB value that converts the 7th best deviation
point to normal sensitivity point or 0 deviation point is added to all points in TDNP to convert TDNP to PDNP. The 7th best
deviation point was preferred to any other point as about 15% of the points of TDPP will not be represented by any P value
symbol in PDPP. If a higher number is selected, the recent‑onset scotomas will not be represented by any P value symbol
and the direction of progression is likely to be missed.
Conversion of TDNP to PDNP can be explained in three steps.
Step 1: Identification of 7th best deviation point of TDNP
The most important key point for the conversion of the TDNP to PDNP is the identification of the 7th best deviation point of
40
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TDNP. Before identifying the 7th best deviation point of TDNP, the following points are to be noted.
1. In 30‑2 point pattern, only points of 24‑2 point pattern are considered
2. In 30‑2 and 24‑2 point patterns, the three points in the area of the blind spot are ignored
3. In a 10‑2 point pattern, all 68 points are considered (blind spot is present outside central 10° field).

All the points in this TDNP are with −ve sign in front of the deviation values. These points represent a loss of sensitivity. −4 dB
deviation is the best deviation point, and −23 dB deviation is the worst deviation point of this TDNP. There are no normal
sensitivity points or points whose sensitivity is better than normal in this TDNP. Now, the computer arranges the deviation points
of the TDNP in chronological order based on deviation values from the normative data. The first point is the best deviation
point and the last point being the worst deviation point. The computer selects the 7th best deviation point after ignoring the
above‑mentioned points, while arranging the deviation values in chronological order. All these calculations will be done by the
software in the field analyzer.

TDNP
The 7th best deviation value points (−5 dB) are represented by green dots. Better sensitivity points than the 7th best deviation
value (<−5 dB) are represented by yellow dots, and loss of sensitivity points more than the 7th best deviation value (>−5 dB) are
represented red dots. 7th best deviation point is −5 dB.
Step 2: Converting the 7th best deviation point to zero (0) deviation point or in other words bringing the 7th best deviation point
to the normal contour of the hill of vision. Since the 7th best deviation point is −5 dB, we have to add +5 dB to make the 7th best
deviation point to zero (0) deviation point or in other words to bring the 7th best deviation point to the normal contour of the
hill of vision.
Step 3: The dB value (+5 dB) that makes the 7th best deviation point to zero (0) deviation is added to all points of TDNP to
convert it to PDNP.
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TDNP

TDPP

The yellow points (deviation values better than 7th best deviation value) of TDNP will become points without sign in PDNP.
The green points (7th best deviation value points) of TDNP will become 0 deviation points in PDNP, and the red dots (deviation
values worse than 7th best deviation value) in TDNP are shown as violet dots (superficial scotomas) and red dots (deep scotomas)
in PDNP.
By elevating the sensitivity of each point by 5 dB value, the 7th best deviation point becomes normal (0 deviation point) and the
first six best points of TDNP become 1, 1, 1, 0, 0, 0 deviations, respectively, in PDNP in this printout. From this, it is very clear
that the PDPP will never show generalized depression and always will have at least seven points, without any significant P value
symbol in the PDPP. The pattern and extent of the field defect will be appreciated in any situation in PDPP. By identifying the
superficial scotomas (points with P value symbols except for P < 0.5%), in PDPP, the direction of progression of the field defect
will be known.
Conversion of Total deviation plot to Pattern deviation plot
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If the 7th best deviation point is taken into consideration to convert TDNP to PDNP, a minimum of 15% of the points of TDNP
will not be represented by any significant P value symbol in PDPP. Hence, PDPP is always a localized scotoma plot and a
minimum of 15% points of PDPP are without a significant P value symbol. These 15% points without a significant P value
symbol in PDPP are enough to highlight the pattern, and the direction of progression of the field defect presents as a generalized
depression of TDPP.
If the 10th best deviation point is taken into consideration to convert TDNP to PDNP instead of the 7th best deviation point for
conversion of TDNP to PDNP, the 10th best deviation point becomes 0 deviation point in PDNP and it will be on the normal
slope of the hill of vision. There will be a minimum of 10 points (around 20% of the points) in the PDPP of 24‑2 point pattern
will not be represented by any significant P value symbol.
If the 25th best deviation point is into consideration to convert TDNP to PDNP, 25th best deviation becomes the 0 deviation point
in PDNP and it will be on the normal slope of the hill of vision. There will be a minimum of 25 points (around 50% of the points)
in the PDPP of 24‑2 point pattern will not be represented by any significant P value symbols. If we select the deviation points
more toward the right in the chronologically arranged deviation values of TDNP to convert TDNP to PDNP, the superficial
scotomas of TDPP (recent‑onset scotomas) may become nonsignificant in PDPP, and hence, the direction of progression may
not be appreciated. That is the reason why the 7th best deviation point was selected to convert TDNP to PDNP.
Irregular generalized field defect shows generalized depression in TDPP with a localized Field defect in PDPP.
Conversion of Total deviation plot to Pattern deviation plot Example-2

PDNP
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Uniform generalized field defects show generalized depression in TDPP with a normal PDPP.
Conversion of Total deviation plot to Pattern deviation plot Example-3

The TDPP with generalized depression and a normal PDPP indicates that it is a case of uniform generalized field defect. In such
a situation, always think of the conditions such as cataracts and media opacities, and check if the fields were done with proper
refractive error correction or not. Apart from glaucoma, some neurological conditions such as AION and occipital lobe infarcts
can be diagnosed based on the pattern of the field defect. When these conditions are suspected in the presence of cataracts,
the PDPP plays a major role in picking up these diseases. If the PDPP does not show any field defect (uniform generalized
field defect) as in this case, we can eliminate the above‑said conditions. If the PDPP shows a localized field defect (irregular
generalized field defect), the diagnosis can be made depending on the pattern of the field defect.
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Both probability plots ( TDPP & PDPP ) look similar in localized field defects
Conversion of Total deviation plot to Pattern deviation plot

In this case, the deviation values of TDNP vary from 3 dB to −33 dB. The 7th best deviation value in TDNP is (0), the 15th best
deviation value is −1 dB, and the 25th best deviation value is −2 dB. In localized scotoma, the deviation values of most of the
points will be minimal, and hence, there are close to the normal contour of the hill of vision. In this case, the 7th best deviation
point is already (0) dB, and is on the normal contour of the hill of vision. No dB value is added to TDNP during the conversion
of TDNP to PDNP, Hence, both numerical plots look similar and hence both the probability plots look similar.
In localized field defects, both probability plots (TDPP and PDPP) look similar as the 7th best deviation point of TDNP is either (0) or minimal
deviation value. A lesser dB value is added to convert TDNP to PDNP. Hence, TDNP and PDNP are identical and so are the TDPP and PDPP.
Uniform generalized field defects show generalized depression in TDPP with a normal PDPP. In uniform generalized depression,
the loss of retinal sensitivity is almost similar at all points, the dB value that brings the 7th best deviation point to the normal slope
of the hill of vision will also bring all the remaining points either to the normal slope of the hill of vision or close to it and hence
are not represented any significant P value symbol in the PDPP.
Irregular generalized field defect shows generalized depression in TDPP with a localized field defect in PDPP. Here, the dB value
that brings the 7th best deviation point to the normal slope of the hill of vision, can only bring the recent onset. Scotomas nearer
to the normal slope of the hill of vision and cannot change the P values of deeper scotomas and will be highlighted in PDPP.
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45

Reddy: Visual Fields in Glaucoma

High false-positive errors will have more scotomas in the pattern deviation probability plot than in the total deviation probability plot.-Why?

If the sensitivity of the 7th best deviation point of TDNP is better than normative data, it will be above the normal contour
of the hill of vision. To bring the point to the normal contour of the hill of vision, we have to decrease the sensitivity of the
points of TDNP. Normally, during the conversion of TDNP to PDNP, the sensitivity of the points of TDNP will be elevated.
However, in this example, since the 7th best deviation point of TDNP is +18 dB (better than normative data), the sensitivity
of each point in TDNP is decreased by 18 dB, or in other words, a generalized depression worth of −18 dB is added to all
the points of TDNP during its conversion to PDNP. As there is a decrease in sensitivity at all the points in PDNP, we see
more black squares in the PDPP than the TDPP. If the 7th best deviation point of TDNP is better than normative data, we
see more black squares in the PDPP than the TDPP.
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Zone 9: Global Indices

(1) Localized field defect

(2) Irregular generalized field defect

(3) Uniform generalized field defect

The MD index is the average of all the deviation
values of the TDNP except the deviation values
of the two points in the area of the blind spot. It
is an index developed to express the depth of the
field defect, and its value is directly proportional
to the depth of the field defect. Note that that the
value of the MD index is always lesser than the
exact depth of localized field defects. Even a
small increase in MD on follow‑up tests should
arise suspicion regarding the progression of the
localized field defect. In uniform generalized
field defect, the MD index is the true index to
express the depth of the field defect, and to some
extent, it gives true value in irregular generalized
field defect.
PSD is an index developed from TDNP to
express the contour of the hill of vision
whether it is smooth or irregular. In uniform
generalized depression (e.g., cataract), there is
uniform loss of sensitivity affecting the height
of the hill of vision but not the contour of the
hill of vision (smooth contour is maintained).
PSD will be nonsignificant. The contour of the
hill of vision will be affected when there is a
localized or irregular generalized field defect
and PSD will be significant. PSD is not related
to the depth of field defect but only signifies the
contour of the hill of vision whether it is smooth
or irregular.
In early and established cases of glaucoma, PSD
will be high or significant and is represented by
P value. As the disease progresses, the sensitivity
at all points will be nearing 0 dB and the PSD will
be low and with a nonsignificant P value. The
important points to note regarding PSD are: (1)
it does not carry any sign in front of it; (2) it
is not the index to tell the depth or severity of
glaucoma; (3) it is an index developed to pick up
early localized field defects.

VFI is an index developed from PDNP and hence is not affected by cataracts. It transposes deviations from the normative
data into a percentage scale. 100% means the quality of life is not affected. VFI reflects the quality of life. A certain level of
defect has to be reached to deviate the VFI from 100%. VFI is defined as a deviation below the 5% probability level on the
pattern deviation plot. The center of the visual field has more weight than the periphery while calculating the VFI and the
index switches to the use of a total deviation plot if the MD shows severe global visual field deviations. VFI is absent in 10‑2
printouts. The VFI (glaucoma progression index) is a new perimetric index designed for two purposes: (1) for calculating the
rate of glaucomatous progression (glaucoma progression analysis), this is the reason why the index is also named as glaucoma
progression index; (2) to reflect the quality of life, hence, doctors may use this for educational purposes since patients can
quickly perceive it with minimal explanation.
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CALCULATE THE DEVIATION FROM THE LOCAL COMPONENT AND THE 5% PROBABILITY
OF THE PATTERN DEVIATION

VFI is expressed in percentage where 100% represents a normal visual field and 0% represents a perimetrically blind field.
VFI‑100% means that the quality of life is not affected. The VFI cannot go beyond 100%.

Zone 10: Glaucoma Hemifield Test
This is an index to pick up early field defects due to
glaucoma. Five groups of points on either side of the
horizontal raphe where the glaucoma defects usually
arise are designed. A score is assigned to each zone
based on the location of the zones and their deviation
values in the PDNP. A comparison of each upper
zone is made with the corresponding lower zone, and
the difference in scores between the upper and lower
zones is calculated. The difference is compared with
significant limits taken from a database of normal
subjects, and the results are given as borderline,
outside normal limits, low sensitivity, abnormally
high sensitivity, and within normal limits. Glaucoma
hemifield test (GHT) is absent in 10‑2 printout. With
the above information, one can diagnose glaucoma
suspect at an early stage using Anderson’s criteria.

Anderson’s criteria

Any localized scotoma should fulfill Anderson’s criteria to be labeled as a glaucomatous field defect. In localized field defect,
concentrate TDPP, and in irregular generalized field defect, concentrate PDPP.
The localized field defect should have a minimum of three nonedge cluster points of 30-2 point pattern either in TDPP (localized
field defect) or in PDPP (in an irregular generalized field defect) with 2 points have P < 5% and (1) P < 1%. (2) PSD: P < 5%.
(3) GHT - Outside normal limits.
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Understanding of 0 in raw data, 0 in total deviation numerical plot & 0 in pattern deviation numerical plot

30‑2 point pattern: 76 points is distributed in a 30° circle area with fovea as the center. There are no points either on the horizontal
or vertical axis. The distance between point to point is 6° and point to the axis is 3°. There are no points at the center 3° circle
which is called a bare area.
24‑2 point pattern is nothing but a subset of 30‑2 point pattern. The outer set of points except for the two nasal points on either
side of the horizontal axis is eliminated from the 30‑2 point pattern to form a 24‑2 point pattern. Hence, the total points of the
24‑2 point pattern (76 – 22 = 54) will be 54 points.
24‑2C new point pattern is introduced to reduce the extent of the bare area present between the 3° circle points and 9° circle
points. The bare area present between 3° circle points and 9° circle points in 24‑2 point pattern is filled with 10 additional points
in 24‑2C new point pattern.

10‑2 point pattern: 68 points is distributed in a 10° circle area with fovea as the center. There are no points either on the horizontal
or vertical axis. The distance from point to point is 2° and there are no points at the center 1° circle. Hence, we are testing almost
up to fixation in the 10‑2 point pattern program. We should not comment on foveal status till we do the test with a 10‑2 point
pattern.
Macular program is nothing but a subset of 10‑2 point pattern. The outer 3 sets of points of the 10‑2 point pattern are eliminated
to form the macular program. So the macular program has 16 central points of 10‑2 which are present within the 3° radius circle
from the fixation point. In advance cases of glaucoma to assess the foveal status and to comment on the macular split, a macular
program with stimulus size III or V can be asked.
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Selection of the point patterns
Glaucoma suspect

Clinically established glaucoma

SFA print out--point pattern- 30-2, 24-2, or 24-2C and test
Strategy - SITA Standard, SITA Fast, or SITA Faster
No evidence of glaucoma

Under observation

No loss of sensitivity
at any of the 16 points
in 10° circle area

POAG only outside 10° circle
area
Field defect dominant
outside 10° circle area and
extended into 10° circle
area

Evidence of glaucoma (+)

Probability plots - A black square in the 10° circle area.
Gray scale - Dark shade in any quadrant of 10° circle
area. Raw data and TDNP - Significant loss of sensitivity
at any of the 16 points in 10° circle area (+)
The direction of RNFL defect toward macula in the
Fundus and thinning of RNFL between 6 and 8 clock
hours (right eye) or 4 and 6 clock hours (left eye) in
OCT are indications to repeat the test with a
10-2 point pattern
Repeat the test with
10-2 point pattern

Field defects dominant
in 10° circle area

Field defect dominant
in and outside 10°
circle area

All the 3 types of glaucomas clinically can present either as glaucoma
suspect or as established glaucoma.

From Flowchart 1, it is very clear the visual field testing starts with a 30‑2 or 24 ‑2 point pattern in the case of glaucoma. If there
is an indication for a 10‑2 printout, repeat the test with a 10‑2 point pattern.

Interpretation of Visual Field Defects
Make sure that the test is done with the correct point pattern. In a case of glaucoma either suspect or established, initially, the
test should be done with a 30‑2, 24‑2, or 24‑2C point pattern. The indications to repeat the test with a 10‑2 point pattern are (1)
probability plots ‑ a black square in the 10° circle area; (2) gray scale ‑ dark shade in any quadrant of 10° circle area; (3) raw
data and TDNP: significant loss of sensitivity at any of the 16 points in 10° circle area (+); (4) fundus ‑ direction of RNFL defect
toward macula; (5) OCT‑ thinning of RNFL between 6 and 8 clock hours (right eye) or 4 and 6 clock hours (left eye).
Make sure the patient data and the test data are properly fed to the field analyzer by the technician as per the order form. Always
put foveal threshold “ON” which correlates with visual acuity. Good foveal sensitivity should have good visual acuity and vice
versa. If not correlating check if the refraction for near is accurate or if the patient has understood the method to perform the test.
Never interpret visual fields in isolation. It should always be correlated with fundus. Meticulous fundus examination is a must
to identify nonglaucomatous field defects.
Pick‑up findings such as disc pallor exceeding the cup, optic disc pit, tilted disc, and proper evaluation of myopic disc help
identify nonglaucomatous field defects.
Identification of the artifacts due to small pupil (<3 mm), improper refractive error correction, FLs, FP errors, FN errors, dim bulb,
rim artifacts is the most important step in the interpretation of SFA print out, especially in a suspected case of glaucoma.
Always look for indications to repeat the test with a 10‑2 point pattern.
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Visual Field‑Dependent Factors to Set Lower Target Intraocular Pressure
1.
2.
3.

Location and extent of the field defect: If the glaucomatous field defect is either originating outside 24° and extended into
10° circle area or starting within 10° circle
Direction of the field defect: Direction of progression toward fixation
Depth of the field defect: The presence of absolute scotoma (nonedge point).

MD index represents the depth of the field defect. Do not grade glaucoma on the MD index. The presence of a field defect
within a 10° circle area and direction of progression toward fixation even with low MD index needs low target IOP. One need
not aim at lower target IOP even with higher MD in the absence of field defect in 10° circle or progressing away from fixation.
The novel concept in the classification of open‑angle glaucomas, based on the location of the field defect will help us in locating
the site of origin of glaucoma. Perimetry helps classify open‑angle glaucomas into three types.

This classification helps in a rational approach not only in the interpretation of visual fields but also in the management of
glaucoma. During interpretation of probability plots, always see both the probability plots as a single unit. This is one of the
most important concepts in the interpretation of visual fields.

Location, extent, and direction of progression of the field defect

Glaucoma originating as a localized field defect in the upper nasal quadrant with most of the points represented by P < 0.5% (black
square). When all points in the field defect in both the probability plots are represented by black squares, it is difficult to tell the
direction of progression from the probability plots. TDNP gives a clue to assess the direction of progression. From the TDNP, it
is very clear that the field defect started outside the 10° circle and is progressing toward fixation because the loss of sensitivity
at the points outside the 10° circle is around 30 dB and the loss of sensitivity at 3° upper nasal point is 12 dB. Hence, we have to
correlate both the probability plots and TDNP to know the direction of progression of the field defect. The direction of progression
of the field defect toward fixation is not a good sign. We have to aim for low target IOP.
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Depth of the scotoma

Loss of sensitivity at most of the points of the scotoma is around
30 dB. Here, MD index is −4.97 dB, P < 0.5%. In localized
scotomas, MD index is not a true index to represent the depth
of the scotoma.

Foveal sensitivity and raw data

Foveal sensitivity is 35 dB and the field defect is showing few
absolute scotomas. There is one absolute scotoma among the 16
points in the 10° circle. Repeat the test with a 10‑2 point pattern
to know the sensitivity of the points in the macular area. In this
case, though the 24‑2 MD index is −4.97 dB, P < 0.5%, the
current IOP is causing absolute scotomas and the field defect is
progressing toward fixation. With the above features of the field
defect and keeping the age of the patient (52 years) in mind, we
should aim for a low target IOP.
Note that field defect in 10‑2 – the minimal loss of sensitivity
within the 10° circle area will be better appreciated in probability
plots than gray scale.

The most important point, in this case, is to identify the location of origin of glaucoma. Identification of absolute scotomas within
the 100 circles and one among the three is on the 30 circle point. It indicates glaucoma started close to fixation and progressing
outward. To know the exact extent and depth of the field defect, repeat the test with a 10‑2 point pattern. The 24‑2 VFI misguides
the treatment approach in Type 2 glaucoma.
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In Type 2 glaucoma, 10‑2 MD index (−9.85 dB) will be always more than 24‑2 MD index (−8.18 dB) The 24‑2 VFI 79%
misguides the treatment approach in Type 2 glaucoma as VFI is not calculated in 10‑2 SFA printouts. Low‑target IOP must be
aimed, and if needed, early surgical approach may be indicated in Type 2 and Type 3 glaucoma.

The Raw Data
The black square in the upper nasal quadrant in 100 circle area is an absolute scotoma and is an indication to repeat the test
with a 10‑2 point pattern. The lower nasal quadrant outside the 100 circle area is almost an absolute field defect. 24‑2 MD
index is − 13.37 dB and 24‑2 VFI is 69% VFI is not calculated in 10‑2 program. Remember that the progression of glaucoma
starting in 100 circles cannot be analyzed based on the change in VFI. Progression analysis for glaucoma starting in 100
circles will be calculated based on the change in the MD index. In this case, glaucoma started in and outside the central 100
circles (Type 3 POAG-Primary open Angle Glaucoma).
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Note that the extent of the 3 black squares in the 10° circle area in the 24‑2 program will be better appreciated in the 10‑2
program. The progression of the field defect into the lower nasal quadrant in the central 10° area is better appreciated in the
probability plots than in the gray scale. Concentrate on the 16 points in the 10° circle area in a 24‑2 point pattern to know
whether the test should be repeated with a 10‑2 point pattern or not. Concentrate on the 16 points in the 3° circle area in a
10‑2 point pattern to assess foveal status. In this case, the field defect extended into a 3° circle. Maintain very low‑target
IOP till surgery is planned.
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Conjunctival Tuberculosis: A Report of Two Cases
Ramya Seetam Raju, C. V. Gopal Raju, C. Rupali
Department of Cornea, Cataract, Refractive Surgery, Visakha Eye Hospital, Visakhapatnam, Andhra Pradesh, India

Abstract
India has the highest burden of tuberculosis (TB) in the world. In the last few years, there has been a re‑emergence of the disease. Ocular TB
is a form of extrapulmonary TB. Conjunctival TB is a relatively rare presentation of ocular TB. This report describes two such cases of TB of
conjunctiva. One case presented with redness and pain in the right eye of 1‑month duration. Examination revealed a conjunctival nodule. The
other case presented with a mass in the left eye which showed a pink nodule. The presence of a conjunctival nodule with unresponsiveness to
topical steroids and antibiotics was the common feature in both cases. Histopathology showed tuberculous inflammation and antituberculous
therapy helped in the resolution of the lesions. Thus, in cases of conjunctival nodules unresponsive to steroids, TB should be suspected and a
timely biopsy should be done, especially in a country like ours, which is endemic for TB.
Keywords: Antituberculous therapy, conjunctival nodules, conjunctival tuberculosis, tuberculosis

Introduction
There has been tremendous development in the management
of tuberculosis (TB) disease over the last few decades. Yet,
Mycobacteriae continue to intrigue the physician with their
persistence and myriad clinical presentations. India has an
estimated incidence of 26.9 lakh cases in 2019 (WHO).[1]
Ocular TB is a type of extrapulmonary TB. The most common
presentation is tuberculous uveitis.[2] While conjunctival
involvement is more common with systemic disease, isolated
conjunctivitis has been reported.[3] Two cases of conjunctival
TB are described. These reports add to existing ones, increasing
the awareness about the disease and highlighting the need for
a high index of suspicion.

Case 2

Case Reports
Case 1

A 12‑year‑old boy presented with redness and pain in the
right eye of 1‑month duration. He was on topical antibiotics
and steroids but without improvement. There was no history
of systemic abnormality or infective or immunological disease
in the family. A single, spherical pinkish white nodule of size
4 mm × 4 mm was seen on the superior bulbar conjunctiva,
adjacent to the limbus at 11–12 O’ clock position in the right
eye [Figure 1]. It was surrounded by dilated episcleral vessels.
Fundus was normal. Visual acuity was 6/6. Other eye was within
Access this article online
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normal limits. It was diagnosed as phlyctenular conjunctivitis and
treated with topical steroids but was unresponsive. A pediatric
consultation did not pick up any systemic abnormality. Complete
blood picture (CBP), erythrocyte sedimentation rate (ESR) at
1 hour and peripheral blood smear were all within normal limits.
Mantoux test was negative and X‑ray chest was normal. Excision
biopsy and histopathology showed multiple epitheloid cell
granulomas with Langhans giant cells suggesting tuberculous
inflammation. As there was no evidence of systemic infection, a
diagnosis of primary conjunctival TB was made. The patient was
started on antituberculous therapy (ATT) based on the advice
given by the pediatrician. After 3 months of treatment, there was
a complete resolution [Figure 2]. The patient was followed up
for 2 years without any evidence of recurrence.
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A 29‑year‑old woman presented with a painless reddish mass
in her left eye of 1‑month duration. She was on topical steroids
and antibiotics without any alleviation of her symptoms. There
was no history of systemic disease or significant family history.
On examination, there was a single spherical pink nodule of
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size 3 mm × 3 mm in the inferotemporal quadrant of the bulbar
conjunctiva [Figure 3]. Fundus was normal and visual acuity
was 6/6. Other eye was normal. CBP, ESR, and peripheral blood
smear were normal. X‑ray chest did not reveal any pulmonary
or mediastinal focus and Mantoux test was negative. Following
an excision biopsy [Figure 4], histopathology showed
epitheloid cell granulomas with multinucleate giant cells
suggesting tuberculous inflammation as shown in Figure 5.
Chest physician consultation revealed left‑sided cervical
lymphadenopathy. Fine needle aspiration cytology showed
caseating, epitheloid cell granulomas indicating tuberculous
etiology. Thus, conjunctival TB secondary to tuberculous
cervical lymphadenitis was diagnosed. ATT was started based
on the advice of the chest physician. The remnant nodule
and lymphadenopathy resolved. There was no recurrence at
6 months.

Discussion
TB is still a major cause of ill health and the leading cause
of death from a single infectious agent (ranking above
human immunodeficiency virus acquired immunodeficiency

Figure 1: Pinkish white nodule on superior bulbar conjunctiva in Case 1

Figure 3: Pink conjunctival nodule in inferotemporal bulbar conjunctiva
of Case 2
56

syndrome).[4] India is one of the 8 countries which account for
two‑thirds of its global burden.[4] Ocular TB usually occurs
because of spread from pulmonary or extrapulmonary TB.
The route can be (a) hematogenous – the most common, (b)
primary exogenous infection, (c) secondary infection from
contiguous area or patient’s sputum, and (d) as a result
of hypersensitivity as in phlyctenular conjunctivitis or
Eale’s disease.[5,6] Primary conjunctival TB is an infrequent
presentation. Here, bacilli enters through the conjunctiva.[7]
Mode of infection is by exogenous infection, direct inoculation
from infected individuals, articles, contaminated fingers, or
milk.[7] Secondary tuberculous conjunctivitis occurs as a
result of spread of infection from a contiguous focus or
from the patient’s sputum. Such an infection can occur
on the lids, cornea, sclera, or the lacrimal sac.[5,6] TB may
also masquerade as conjunctivitis.[3,8] Diagnosis requires
identification of the organism with acid‑fast bacillus stains
or culture but is difficult in ocular TB due to the low yield
and small size. [2] Polymerase chain reaction (PCR) can
detect Mycobacterium tuberculosis on either a conjunctival
smear or a biopsy sample in cases where the bacillary load
is less.[8] Chaurasia et al. described criteria for definitive
diagnosis of tuberculous conjunctivitis in patients with

Figure 2: Resolution of nodule following antituberculous therapy in Case 1

Figure 4: Appearance following biopsy in Case 2
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of lesion with ATT and the lack of recurrence proved the
etiology without doubt.

Conclusion
In an area endemic for TB like India, for any limbal nodule, TB
should be considered apart from the usual phlycten, especially
if unresponsive to steroids. The clinician ought to have a high
index of suspicion and should not hesitate to go about with
biopsy, histopathology, and systemic workup for TB.

Declaration of patient consent

Figure 5: Hematoxylin and eosin staining of the conjunctival specimen
at ×400 magnification showing granulomas with epithelioid cells (arrows)
with multinucleate giant cells (circles)

recurrent conjunctivitis – (i) microbiological criteria: positive
smear or culture or positive PCR for M. tuberculosis; (ii)
histopathological criteria: caseating granulomas or epithelioid
giant cells in conjunctival biopsy samples with or without
isolation of acid‑fast bacilli; (iii) clinical criteria: presence
of systemic signs of TB and/or positive response to anti‑TB
therapy. [8] The first case was primary conjunctival TB.
The second case, we presume, could have been due to
hematogenous spread from underlying extrapulmonary TB,
i.e., cervical lymphadenitis, as it is the most common route.
Both cases responded to ATT. This consisted of 2 months
of isoniazid, rifampicin, ethambutol, and pyrazinamide and
4 months of rifampicin and isoniazid. The dose was adjusted
according to the weight in the first case. Thus, TB could be
the etiology underlying symptoms such as redness, pain, or
nodules. A high index of suspicion and an early diagnostic
procedure may minimize the ocular morbidity. Furthermore,
underlying systemic disease may be revealed.
The limitation of this report is that acid‑fast bacilli were not
demonstrated. This was because the index of suspicion for
conjunctival TB was not high. However, histopathology had
proven tuberculous inflammation. The remarkable resolution
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Diagnostic Pearls in Ophthalmology

Featureless Retina in Diabetic Retinopathy
Aditya Kapoor
Department of Vitreo‑retinal Services, L V Prasad Eye Institute, Vijayawada Andhra Pradesh, India

Abstract
Featureless retina is usually seen in patients with type one diabetes mellitus and is frequently misdiagnosed as asymmetric diabetic
retinopathy (DR). It is characterized by retinal neovascularization with the absence of retinal lesions such as retinal hemorrhages, cotton
wool spots, and intraretinal microvascular abnormalities, features which are typical of proliferative DR. Fundus fluorescein angiography
is particularly helpful in these cases as it reveals extensive areas of capillary dropout and neovascularization. It is of utmost importance to
anticipate its presence and manage these patients appropriately to prevent blinding consequences. This article offers some clinical insights for
better diagnosing and managing such patients.
Keywords: Diabetic retinopathy, featureless retina, proliferative diabetic retinopathy

Case Summary
A 68‑year‑old gentleman with type one diabetes mellitus
presented with diminution of vision in the left eye (LE) for
3 days. On examination, his best‑corrected visual acuity in
the right eye (RE) was 20/40 N10 and in LE was 20/160 N36.
On anterior segment examination, there was nuclear sclerosis
grade three cataract in both eyes (BE). Fundus examination
of RE revealed featureless retina [Figure 1a], in LE, posterior
pole view was obscured due to vitreous hemorrhage (VH).
Since the patient was a diabetic, considering the differentials
of asymmetric and featureless diabetic retinopathy (DR),
we ordered fluorescein angiography of RE, which revealed
extensive areas of capillary drop out and neovascularization in
RE [Figure 1b]. A diagnosis of proliferative DR in BE with VH
in LE was established and panretinal photocoagulation (PRP)
was done for RE and laser to accessible areas was undertaken
for LE.

Discussion
The pandemic of diabetes is on the rise in our country resulting
in an increasing incidence of DR. Assessment of the severity
of DR and risks of progression is largely based on modified
Airlie House Classification which was further modified based
on results of Early Treatment DR Study.[1]

Important differential which should be considered while
suspecting featureless retina is asymmetric DR (ADR). ADR is
defined as PDR in one eye and NPDR in fellow eye, persisting
for more than two years.[3] Factors implicated to cause ADR
include ocular ischemic syndrome for which carrying out a
carotid doppler is a must, cataract surgery and retinal vein
occlusion which can themselves cause DR progression.
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Featureless retina is characterized by extensive areas of
capillary dropout, no overlying retinal hemorrhages, cotton
wool spots, or intraretinal microvascular abnormalities or
other findings which are otherwise pathognomonic for DR.[2]
Its presence is an indicator of extensive peripheral capillary
nonperfusion (CNP). It is important to recognize and treat the
entity as its presence increases the risk of neovascularization.
Such patients should be examined carefully and suspicious
patients should be subjected to fluorescein angiography to
establish the diagnosis by quantifying the areas of CNP,
presence of NVE, and even rule out macular ischemia, where
vision loss cannot be explained based on fundus findings. It is
treated by PRP to prevent blinding complications of advanced
diabetic eye disease.
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Figure 1: (a) Fundus montage of the right eye showing tessellated fundus with the absence of path gnomic signs seen in diabetic retinopathy. (b) Late phase
of fundus fluorescein angiogram of right eye showing multiple microaneurysms and leaking NVE’s in all quadrants. Areas of capillary non perfusion
can be appreciated in periphery

On other hand in patients with myopia and glaucoma, diabetic
retinopathy manifestations are less pronounced due to decreased
ocular blood flow and thinning of retina which increases oxygen
diffusion in myopic patients. In glaucoma, the loss of metabolic
activity with decreasing numbers of viable ganglion cells and
reduced vascular perfusion due to an elevated intraocular
pressure contributes to the paucity of clinical signs.
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A Case Report of Conjunctival Ophthalmomyiasis by Oestrus
ovis with Insights into its Morphology, Life Cycle, and Clinical
Presentation
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Abstract
Conjunctival ophthalmomyiasis is an infestation of larvae on the conjunctiva. The larvae of sheep botfly (Oestrus ovis) can be the cause of
ocular irritation in occupationally predisposed individuals like shepherds. External (conjunctival) ophthalmomyiasis can progress to severe
form of internal ophthalmomyiasis. We report the presence of live motile larvae of sheep botfly on the conjunctiva of a patient, shepherd by
occupation presenting with irritation in the eye. Diffuse ocular examination was normal until everted lid examination revealed two white
larvae with black dots at their head end crawling fast on the tarsal conjunctiva. Removal of the larvae is the only treatment, and treatment of
the cattle as well, is essential to prevent recurrence and also to increase the cattle yield.
Keywords: Conjunctiva, larvae, Oestrus ovis, ophthalmomyiasis, sheep botfly

Introduction
Conjunctival ophthalmomyiasis is an infestation of larvae on
the conjunctiva. The larvae of sheep botfly (Oestrus ovis) can be
a common cause of ocular irritation in predisposed individuals
like shepherds. External (conjunctival) ophthalmomyiasis can
be the cause of ocular irritation in such individuals. We report
such a case here.

Case Report
A 32‑year‑old female patient, who rears sheep and goat
by occupation, presented to our outpatient department in
September 2020 with complaints of irritation in her left eye.
Two white larvae measuring 1–2 mm in length were seen
crawling fast – one on the upper tarsal conjunctiva seen after
everting the upper lid and one in the lower fornix [Figure 1].
The eye was immediately anesthetized with 0.5% proparacaine
and forceps was used to remove the larva on the conjunctiva
and placed on a wet mount for light microscopy and it was then
identified as the larva of sheep botfly (Oestrus ovis) from its
characteristic appearance [Figure 2]. The patient’s symptoms
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improved following its removal. Gatifloxacin (0.3%)–
loteprednol (0.5%) combination eye drop was advised four
times a day for 1 week. There was no recurrence in the
follow‑up period.

Discussion
Most of the treating ophthalmologists do not necessitate
the understanding of the source of the larva, mode of its
transmission, and the life cycle of the adult fly, as it does not
alter the treatment to the patient. However, the concern arises,
when the same patient or others from the same community
are repeatedly infected. Thus, knowledge of the life cycle of
the sheep botfly is required to address the infestation source
in the cattle.
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Figure 1: Live larvae of the sheep botfly causing conjunctival
inflammation – (a) on the upper tarsal conjunctiva (white arrow). (b) Near
the lower lid margin (black arrow). Transparent‑to‑white body with black
dots corresponding to oral hooks is seen at the headend of the larvae

The sheep botfly needs the sheep nasal passages and sinuses to
complete its life cycle. Affected sheep can be identified with
having nasal discharge, frequent sneezing due to irritation
caused by the crawling larvae within their nasal cavities, and
decrease in their yield.[1]
Female sheep botflies are known to larviposit. This means
the eggs are hatched while still remained inside the female
fly, and she will deposit a droplet containing approximately
500 live first instar larvae, L1 stage, into the nose of sheep.
The larvae transform into L2 instar in the nasal cavities of
sheep and then into L3 instar in the sinuses of sheep, when
they are expelled out by the sheep by sneezing and reach the
soil. In the soil, the larva transforms into pupa stage within
24 h and finally becomes the adult botfly by 1 month.[1,2]
The larvae in the first instar stage, L1, may be deposited
into the human eyes directly by the sheep botfly or by direct
contact with the sheep.[1,2] The first instar stage larva which
gets deposited on the human ocular surface, cannot grow into
the next instars, and moves erratically on the ocular surface.
The larva has a small white body tapered at its head and tail
ends and measures 1–2 mm with two black oral hooks at
its headend.[1] The hooks help them in acquiring food and
moving on the surface, especially useful in the nasal cavity
of sheep. It has 11 segments on the body and 4 rows of black
spines on the posterior surface of its body. The larva crawls
with significant speed on the ocular surface, where in a
second, they may creep and hide into the fornices as they are
photophobic.[1] Complete mechanical removal of the larvae
is the only treatment, and a combination of antibiotic‑mild
steroid drops can be advised after removal to promote faster
recovery. If untreated, progression to serious complications
like internal ophthalmomyiasis, where the larvae penetrate
the globe through the sclera, can occur.[3]

Figure 2: Microscopic appearance (×40) of the first instar stage larva
L1 demonstrating the 11 body segments, well‑defined black oral hooks
at its headend (left side of the image). Contents of the body are partially
leaked out due to the trauma inflicted with forceps while holding it

Conclusion
An everted lid examination is a must in patients with complaints of
irritation. Mechanical removal of the larvae is the only treatment.
Light microscopy of the larvae can easily be done and helps in
identifying the larva, thus its source. Cattle of the patient should
be treated by a veterinary doctor to improve their symptoms,
yield, and to prevent further infection to humans and community.
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Anterior Chamber Angle Foreign Body Masquerading as
Corneal Edema
Pandiri Venkatagiri Syamala, Ramya Seetam Raju, C. V. Gopal Raju
Cornea and Anterior Segment, Visakha Eye Hospital, Visakhapatnam, Andhra Pradesh, India

Abstract
Open globe injuries (OGIs) with intraocular foreign bodies are a common presentation in ophthalmic practice. Foreign bodies in the angle of
the anterior chamber have been described earlier. In this report, two such cases of foreign bodies in the angle, identified on gonioscopy, are
described. One case presented with pain and redness of 6‑month duration with trauma 3 years ago. Examination revealed corneal edema and
a foreign body in the angle. In the other case, early gonioscopy was performed and an angle foreign body was identified. In both cases, the
foreign bodies were removed with good visual results. An OGI with a foreign body embedded in the angle was the common feature in both
cases which presented as late corneal edema in the first one. Thus, in cases of any OGIs, gonioscopy should be performed as early as possible,
so that complications leading to visual loss can be prevented.
Keywords: Corneal edema, foreign body in angle, gonioscopy, intraocular foreign body, open globe injury

Introduction
Penetrating trauma constitutes a significant cause of ocular
morbidity. Intraocular foreign bodies (IOFBs) can be detected
in 18%–41% of these injuries.[1] In 60%–80% of cases, the
entry wound is located at the cornea or corneoscleral junction.[2]
IOFBs are localized in the posterior segment in 58%–88% of
trauma.[2] Anterior chamber foreign bodies account for only up
to 15% of all IOFBs.[3] The course of the disease depends on
the size, location, composition, and nature of the foreign body
and the host tissue reaction. Although there have been reports
of foreign bodies in the angle of the anterior chamber earlier,
such late presentations with corneal edema are rare. This report
adds to the few existing cases in the literature wherein an
angle foreign body masqueraded as late unexplained corneal
edema and underscores the importance of a timely gonioscopy
in such cases.

Case Reports
Case‑1

A 48‑year‑old male soda maker presented with blurred vision,
watering, and photophobia of 6‑month duration in the left
eye. He was treated with topical antivirals and antibiotics,
previously. There was a history of soda bottle injury 3 years
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ago with redness and pain which responded to treatment in a
week. The best‑corrected vision was 20/20 and N6 OD, and
20/60 and N18 OS. Intraocular pressures (IOP) were normal.
While the right eye was normal in all respects, his left eye
showed mild circumcorneal congestion, Descemet’s folds,
and increased thickness with edema in the inferior half of the
cornea in a triangular fashion extending up to the pupillary
area [Figure 1]. A full‑thickness scar in the superior and outer
quadrant of the cornea was seen [Figure 1]. The rest of the
cornea was clear with normal‑looking endothelium. Lens was
clear. Gonioscopy showed a glass foreign body in the inferior
angle at 6 o’clock on the iris [Figure 2]. The rest of the iris
was normal. There was moderate pigment dispersion in the
angle. X‑ray of the left orbit did not show any pathology. The
posterior segment was normal. The foreign body was removed
under local anesthesia by a temporal limbal approach. At
1 month, he was asymptomatic with a significant reduction of
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corneal edema [Figure 3]. His best‑corrected vision improved
to 20/40 and N6 in OS.

Case‑2

A 24‑year‑old mechanic presented to us with redness and
blurring of vision in the left eye for 1 week. He was injured with
a gas cylinder gauge glass piece 1 week ago. His visual acuity
was 20/30 and N6 unaided in the injured eye. On examination,
there was circumcorneal congestion and a full‑thickness sealed
corneal tear in the temporal mid periphery of about 3 mm in
size [Figure 4]. The anterior chamber was well formed with
1+ cells. The pupil was round and briskly reacting to light.
Iris was normal and the lens was clear. Fundus examination
and IOP were normal. Seidel test was negative and the wound
was stable. A gonioscopy was performed to check the angle, as
the injury was of high velocity and there was a full‑thickness
scar which led to the suspicion of a possible foreign body. It
revealed a glass foreign body on the iris surface in the inferior
angle with moderate pigment dispersion [Figures 5 and 6]. It
was removed through a limbal approach, after which the patient
was asymptomatic. The right eye was normal.

Discussion
IOFBs may result in a wide range of intraocular pathology
and outcomes based on the mechanism of injury, type of
foreign body, and subsequent complications. Anterior chamber
foreign bodies in penetrating trauma are often overlooked,
especially if they are lodged in the angle. The IOFB location
depends on several factors. Sharp‑edged fragments with high
speed usually enter the eye easily.[4] Entrance wounds should
be identified if possible, using a Seidel test in all cases of
penetrating trauma.[4] In the first case, the patient had corneal
edema, was misdiagnosed as microbial keratitis, and was
treated with antivirals. This was similar to previous reports
wherein there was late unexplained corneal edema following
penetrating trauma and misdiagnosis as viral keratitis.[5‑7] Dong
et al. reported bullous keratopathy in spite of the removal of
the angle foreign body in one of their cases.[8] Due to the inert
nature of glass, and relative immobility of the foreign body in
the angle, anterior chamber reaction could have been minimal.
Furthermore, due to the endothelium’s ability to compensate,
the presentation might have been delayed. This case showed
that localized corneal edema or endothelial dysfunction can be

Figure 1: Corneal edema inferiorly and a scar due to an old trauma
superotemporally

Figure 2: Gonioscopy showing a glass foreign body in the inferior angle

Figure 3: Resolution of edema following foreign body removal

Figure 4: Inferotemporal full-thickness sealed corneal tear
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Figure 5: Low magnification view of angle Foreign body on gonioscopy

Figure 6: High magnification view of foreign body

caused by an intraocular foreign body, even when the trauma
occurred much earlier. It is believed to be due to the mechanical
irritation of the endothelium by the foreign body leading to
corneal decompensation and edema.[9] Meticulous history
taking and examination would have led to an early diagnosis.
An ultrasound biomicroscopy can help in the detection of
foreign bodies when their visualization is obscured as in the
cases of hyphema.[10]
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In the second case, an early gonioscopy was performed as we
had significant learning from the first one. This was possible
as the entry wound had been sealed at the time of presentation.
Immediate identification of the foreign body and its removal
was done. Thus, we must have possibly prevented a late corneal
decompensation and visual impairment.
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Bietti’s Crystalline Dystrophy
Adline Harris, C. S. Sandhya
Department of Ophthalmology, S.V Medical College, Tirupathi, Andhra Pradesh, India

Abstract
Bietti’s crystalline dystrophy (BCD) is a relatively rare tapetoretinal degeneration with marginal corneal dystrophy characterized by
subepithelial corneal crystals at the limbus and intraretinal crystals in the posterior pole with atrophy of the retinal pigment epithelium and
choroidal sclerosis caused by a mutation in the CYP4V2 gene. In this article, we present a case of a middle‑aged female with a history of
gradual, progressive, painless diminution of vision in both eyes showing multiple diffuse yellowish crystalline structures in the fundus with
atrophy of underlying structures. Spectral domain‑ocular coherence tomography of macula revealed bilateral multiple hyperreflective dots with
outer retinal tubulations. Electroretinogram showed subnormal scotopic and photopic responses. Although very few cases of BCD have been
reported, a wide knowledge about the disease is necessary to diagnose early and hence to uplift the quality of life to the patient by providing
low visual aids and visual rehabilitation.
Keywords: Bietti’s, Bietti’s dystrophy, corneal dystrophy, crystalline retinopathy, nyctalopia, tapetoretinal degeneration

Introduction
Professor Gian Battista Bietti first reported Bietti’s crystalline
dystrophy (BCD) as tapetoretinal degeneration with
subepithelial corneal deposits in the limbus and small
crystalline spots in the posterior pole of the retina.[1] BCD
is an autosomal recessive inherited disease caused by
mutations in CYP4V2[2] presenting between the second and
fourth decades of their life with complaints of diminution of
vision, progressive night blindness, defective color vision,
constriction of visual fields,[3] or maybe an incidental finding
during ophthalmic evaluation. Here, we report a case of BCD
in a patient who attended a tertiary health‑care center in South
India.

Case Report
A 35‑year‑old female, a known hypertensive individual, came
to the ophthalmology department with complaints of gradual,
progressive, painless diminution of vision for 3 years with a
history of night blindness for 2 years. There was no history of
consanguinity in her parents or history of similar complaints
in any of her family members (parents, siblings, offspring).
There was no history of any other drug usage except for
antihypertensives.
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The best‑corrected visual acuity was 6/12 in the right eye and
6/18 in the left eye and her near vision was N6 in both eyes.
On slit‑lamp examination, anterior segment examination was
normal in both eyes. Fundus examination showed a normal
optic disc with bilateral multiple refringent dot‑like structures
with atrophy of underlying structures. Features suggestive of
underlying retinitis pigmentosa were noted with arteriolar
attenuation and scattered bony spicules [Figures 1‑3]. Color
vision was normal in both eyes.
Spectral domain‑ocular coherence tomography (SD‑OCT) of
the macula of both eyes revealed multiple hyperreflective dots
in inner layers of the retina, retinal pigment epithelium‑Bruch’s
membrane complex, and choroid with outer retinal
tubulations [Figure 4]. Electroretinogram (ERG) showed
reduced scotopic and photopic responses in both eyes
[Figures 5 and 6]. The patient was given low visual aids and
was asked to follow up every 6 months to look for progression
and to detect complications such as cystoid macular edema,
choroidal neovascular membrane (CNVM), and macular hole
formation at the earliest.
Address for correspondence: Dr. Adline Harris,
Department of Ophthalmology, S.V Medical College, Tirupati,
Andhra Pradesh - 517507, India.
E‑mail: adlineharris@gmail.com
This is an open access journal, and articles are distributed under the terms of the Creative
Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows others to remix,
tweak, and build upon the work non‑commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.
For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

How to cite this article: Harris A, Sandhya CS. Bietti's crystalline
dystrophy. J Ophthalmol Clin Res 2021;1:65-8.
Submitted: 16‑Jul‑2021; Revised: 10-Aug-2021; Accepted: 15‑Aug‑2021; Published: 01-Nov-2021.

© 2021 Journal of Ophthalmology Clinics and Research | Published by Wolters Kluwer - Medknow

65

Harris and Sandhya: Bietti’s crystalline dystrophy

Figure 1: Fundus photograph showing normal optic disc with bilateral
multiple diffuse yellowish crystalline dot‑like structures (marked with
arrows) with atrophy of underlying structures. Arteriolar attenuation
was present with few bony spicules (marked with a star) indicating the
presence of retinitis pigmentosa

Figure 2: Relative sparing of the peripheral region
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d

Figure 3: Red free photograph of both fundus

Discussion
BCD is a relatively uncommon disease characterized by
tapetoretinal degeneration with marginal corneal dystrophy.
BCD is reported to have a higher prevalence in the East Asian
population, especially in Chinese and Japanese people. [4]
The prevalence is about 10% in autosomal recessive RP
patients and 3% in nonsyndromic RP patients.[5] BCD is
characterized by outer corneal crystals at the limbus and
intraretinal crystals in the posterior pole.[6] The mutated gene
in BCD, CYP4V2 which is a member of the cytochrome
p‑450 family is responsible for the defective omega oxidation
of ocular fatty acids.[2] However, the exact mechanism by
which there occurs crystalline deposition on the retina,
cornea, circulating lymphocytes, and skin fibroblasts remains
unclear.
BCD is a progressive disease presenting with nyctalopia,
diminution of vision, and visual field defects in the second
to the fourth decade of life. They may progress and end in
blindness in the fifth or sixth decade of life.
The crystalline deposits in the cornea first appear in the inferior
or superior limbus, which later spreads to 360° of the limbus.
The corneal crystalline deposits may in due course of the
disease disappear or may progress to corneal degeneration,
keratopathy, or scar formation.[7]
66

Figure 4: Spectral domain‑ocular coherence tomography of the macula
of both eyes (a and b –right eye, c and d – left eye) showing multiple
hyperreflective dots in the inner layers, retinal pigment epithelium–Bruch’s
membrane complex, and choroid with irregularity of inner layers and outer
retinal tubulations (marked with arrows) in a and b

The classical fundus picture of BCD consists of multiple
crystalline deposits in the posterior pole with degeneration of
the retina and choroidal sclerosis. This may later disappear or
progresses to chorioretinal atrophy with hyperpigmentation.
In due course, it may resemble retinitis pigmentosa with
attenuation of retinal vessels.
Visual field changes such as paracentral scotomas and
peripheral field loss depending upon the severity of the disease
may occur. SD‑OCT may show crystals in different layers of
the retina as tiny hyperreflective lesions. Studies have shown
various spherical, tube formation, or rosette formation of these
hyperreflective lesions in patients with BCD.[8] SD‑OCT is also
helpful in the diagnosis of cystoid macular edema, CNVM,[9]
and macular hole formation in due course which are the
potential complications of BCD.
The ERG finding in patients with BCD may vary from
patients with normal ERG amplitude and latency having
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Figure 5: Electroretinogram of the patient showing the reduced amplitude of b wave (rod response) in scotopic 0.01 and reduced amplitude of a and
b wave (combined response) in scotopic 3.0 and 10.0 with decreased amplitude of oscillatory potentials – indicating reduced scotopic responses
in both eyes

Figure 6: Electroretinogram of the patient showing decreased amplitudes of the cone a‑wave and 30 Hz flicker responses depicting reduced photopic
responses in both eyes

diminution of vision and nyctalopia [10] to generalized
rod‑cone dysfunction. In general, ERG is subnormal with
reduced amplitude in scotopic, photopic, and 30 Hz flicker
responses. SD‑OCT and ERG hence play a vital role in
differentiating various crystalline retinopathies and aiding
in the diagnosis of BCD.
Even though much has been studied about the presentation,
the role of CYP4V2 in the pathogenesis, and diagnosis of this
uncommon inherited disease, a promising treatment for this

condition is yet to be achieved. Low visual aids, management
of complications, and genetic counseling are practiced and
gene therapy has a future role in the management of this
disease.
Although very few cases of BCD have been reported in
Indian literature, a wide knowledge about the disease is
necessary to diagnose early so that the quality of life and
vision can be improved by providing low vision aids and
visual rehabilitation.
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