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The Medical Council of India has revised the MBBS 
curriculum. The curriculum describes the course 
content, lays down the minimum requirements of 
i nf rastructure and mandates di agnosti c and 
therapeutic procedures required for optimal training. 
The  national  ophthalmology undergraduate 
curriculum for India incorporates the required 
knowledge and skills for effective and safe practice 
and takes into account the specific needs of our  
country.The purpose is to standardize teaching at 
undergraduate  level throughout the country so that 
there is  benefit of  achieving uniformity in teaching 
.This would  result in creating competent doctors with 
appropriate expertise.
This curriculum and examination pattern will be 
applicable for MBBS course starting from academic 
year 2019-20 onwards. It has been published in The 
Gazette of India on 4th November, 2019 as follows:
No. MCI-34(41)/2019-Med./161726.— In exercise of 
the powers conferred by Section 33 of the Indian 
Medical Council Act, 1956 (102 of 1956), the Board 
of Governors in super-session of Medical Council of 
India with the previous sanction of the Central 
Government, hereby makes the f ol l owi ng 
Regulations to further amend the “Regulations on 
Graduate Medical Education , 1997”, which will now 
be cal led 'Regulations on Graduate Medical 
Education (Amendment), 2019.
The current undergraduate medical  education 
curriculum focuses on competencies and outcomes 
and gives emphasis to skill development in all phases. 
This competency based undergraduate medical 
education programme is designed with a goal to create 
an “Indian Medical Graduate” (IMG) possessing 
requisite knowledge, skills, attitudes, values and 
responsiveness, so that she or he may function 
appropriately and effectively as a physician of first 
contact of the community while being globally 
relevant. Competency based learning would include 

New MBBS curriculum- An overview

designing and implementing medical education 
curriculum that focuses on the desired and observable 
ability in real life situations. 
Broad Outline of training format
  There shall be a "Foundation Course" to orient l

medical learners to MBBS programme, and 
provide them with requisi te knowledge, 
communication (including electronic), 
technical and language skills.

  The curricular contents shall be vertically and l

horizontally aligned and integrated to the 
maximum extent possible in order to enhance 
learner's interest and eliminate redundancy 
and overlap.

  Teaching-learning methods shall be learner l

centric and shall predominantly include small 
group learning, interactive teaching methods 
and case based learning.

  Clinical training shall emphasize early clinical l

exposure, skill acquisition, certification in 
essenti al  ski l l s; communi ty/pri mary/   
secondary care-based learning experiences 
and emergencies.

  Training shall primarily focus on preventive l

and community based approaches to health 
and disease, with speci fic emphasis on 
national health priorities such as family 
w el f ar e,  communi cabl e and non-
communicable diseases including cancer, 
epidemics and disaster management.

  Acquisition and certification of skills shall be l

through experi ences i n pati ent care, 
diagnostic and skill laboratories.

  The development of ethical values and overall l

professional  growth as integral  part of 
curriculum shall be emphasized through a 
structured longi tudinal  and dedicated 
programme on professional development 
including attitude, ethics and communication.

Jyoti Deswal MS, 
Regional Institute of Ophthalmology, PGIMS, Rohtak
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l  Progress of the medical learner shall be 
documented through structured periodic 
assessment that includes formative and 
summative assessments. Logs of skill-based 
training shall be also maintained.

  A ppr opr i at e Facul t y  D evel opment l

Programmes shall be conducted regularly by 
institutions to facilitate medical teachers at all 
l evel s to cont i nuousl y  update thei r 
professional and teaching skills, and align 
their teaching skills to curricular objectives.

Training per iod and time distr ibution
  Every learner shal l undergo a period of l

certified study extending over 4 ½ academic 
years, divided into nine semesters from the 
date of commencement of course to the date of 
completion of examination which shall be 
followed by one year of compulsory rotating 
internship.

  Each academic year will have at least 240 l

teaching days with a minimum of eight hours 
of working on each day including one hour as 
lunch break.

  Teaching and learning shall be aligned and l

integrated across specialties both vertically 
and hor i zontal l y  f or  bet ter  l earner 
comprehension. Learner centered learning 
methods should include problem oriented 
learning, case studies, community oriented 
learning, sel f- directed and experiential 
learning.

  Didactic lectures shall not exceed one third of l

the schedule; two third of the schedule shall 
include interactive sessions, practicals, 
clinical or/and group discussions. 

  The period of 4 ½ years is divided as follows:l

  Pre-Cl i ni cal  Phase [ (Phase I ) - Fi rst l

Professional phase of 13 months preceded by 

Foundation Course of one month]: will consist 
of preclinical subjects – Human Anatomy, 
Physiology, Biochemistry, Introduction to 
Communi ty  M edi ci ne, Humani t i es, 
Professional development including Attitude, 
Ethi cs &  Communication (AETCOM) 
module and early clinical exposure, ensuring 
both horizontal and vertical integration.

  Para-cl inical phase [(Phase II) - Second l

Professional (12 months)]: will consist of 
Para-cl inical subjects namely Pathology, 
Pharmacology, Microbiology, Community 
Medicine, Forensic Medicine and Toxicology, 
Professional development including Attitude, 
Ethi cs &  Communication (AETCOM) 
module and introduction to clinical subjects 
ensuring both hori zontal  and verti cal 
integration.

  The clinical exposure to learners will be in the l

form of learner-doctor method of clinical 
training in all phases. The emphasis will be on 
primary, preventive and comprehensive health 
care. 

  Cl i ni cal  Phase – [ (Phase I I I )  Thi rd l

Professional (28 months)] 
 (a) Part I (13 months) - The clinical subjects 

include General Medicine, General Surgery, 
Obstetri cs &  Gynaecology, Pediatri cs, 
O r t h o p a e d i c s ,  D e r m a t o l o g y , 
Otorhinolaryngology, Ophthalmology, 
Community Medicine, Forensic Medicine and 
Toxi col ogy, Psychi at ry, Respi ratory 
Medicine, Radiodiagnosis & Radiotherapy 
and A naesthesi ol ogy &  Prof essi onal 
development including AETCOM module.

    (b) Electives (2 months) - To provide learners with 
opportunity for diverse learning experiences, 
to do research/community projects that will 
stimulate enquiry, self directed experimental 
learning and lateral thinking  

    (c) Part II (13 months) - Clinical subjects include: 
Medicine and all ied specialties (General 
M edi ci ne, Psychi at ry, Dermatol ogy 
Venereology and Leprosy (DVL), Respiratory 
Medicine including Tuberculosis),  Surgery 
and al l ied special ties (General Surgery, 
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Orthopedics [including trauma]), Dentistry, 
Physi cal  Medi ci ne and rehabi l i tati on, 
Anaesthesiology and Radiodiagnosis), 
Obstetrics and Gynecology (including Family 
Welfare), Pediatrics and AETCOM module.

 New teaching / learning elements

1. Foundation Course
Goal: The goal of the Foundation Course is to prepare 
a learner to study medicine effectively. 
Objectives: The objectives are to:
(a) Orient the learner to:
l  the medical profession and the physician's role in 
society.
l  alternate health systems in the country and history of 
medicine
l  medical ethics, attitudes and professionalism

 health care system and its deliveryl

l  national health programmes and policies
l  patient safety and biohazard safety
l  universal precautions and vaccinations
l  principles of primary care (general and 
community basedcare)

the academic ambiencel  

(b) Enable the learner to acquire enhanced skills in:
l  Language
l  Interpersonal relationships
l  Communication
l  Learning including self-directed learning
l  Time management
l  Stress management
l  Use of information technology
(c) In addition to the above, learners may be 
enrolled in one of the following programmes which 
will be run concurrently:
-Local language programme
- English language programme
-First-aid
-Basic life support
-Computer skills
(d) Sports, leisure and extracurricular activities are 
also integral part of foundation course.

2. Learner-doctor  method of clinical training 
(Clinical Clerkship)
  The Goals of the Learner Doctor program are l

to provide students experience with 

a) Longitudinal patient care 
b) Functioning as part of the Health Care team 
c) “Hands on” care of patients in the inpatient and 

outpatient setting 
  A designated faculty member will coordinate l

and facilitate the activity of the student
  The facul ty member i s (i deal l y) al so l

responsible for the care of and decisions for the 
patient.

  Student will be part of the admission team on l

the admission day.
  He/ she will remain with admission team until l

6PM on the admission day EXCEPT during 
designated class hours.

  Follow and document progress of assigned l

patient(s) during the course of hospitalization.
  Participate in procedures surgeries delivery etc l

of  the assigned patient (based on the 
responsibility).

  Document patient encounters and learnings l

appropriate for level of training in a portfolio 
or annexure to log book

  Obtain feedback from supervising physician l

and other members of the health care team.
3. DOA P (Demonst r at i on -Obser vat i on - 

Assistance - Per formance) Sessions:
  A practical session that allows the student to 

observe a demonstrati on, assi sts the                  
per f ormer,  per f orm i n a si mul ated 
environment, perform under supervision or 
perform independently.

Salient points per taining to Ophthalmology
The emphasis of the curriculum is on skill based 
learning. The teachers have been instructed to adopt 
the following methods for teaching the competencies 
which already have been specified by the MCI:
 1. Theory lectures – 30 hours.
 2. Clinical postings (DOAP i.e. Demonstrate-

Observe-Assist –Perform sessions)- 4 weeks ( 
5 days a week) in second prof  and 4 weeks (6 
days a week in 3rd prof part-1)

 3. Small group discussion (SGD)/ tutorials- 60 
hours

 4. Self directed learning (SDL)- 10 hours

Eligibility to appear for Professional examinations
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(a)Attendance
 1. Attendance requirements are 75% in theory 

and 80% in practical /clinical for eligibility to
appear for the examinations in that subject. In 
subjects that are taught in more than one
phase – the learner must have 75% attendance 
in theory and 80% in practical  in each
phase of instruction in that subject.

 2. If an examination comprises more than one 
subject (for e.g., General Surgery and allied
branches), the candidate must have 75% 
attendance in each subject and 80% attendance
in each clinical posting.

 3. Learners who do not have at least 75% 
attendance in the electives will not be eligible 
for the Third Professional - Part II examination.

(b) Internal Assessment
 1. Regular periodic examinations shal l  be 

conducted throughout the course. There shall 
be no less than three internal assessment 
examinations in each Preclinical / Para-clinical 
subject and no less than two examinations in 
each clinical subject in a professional year.

 2. An end of posting clinical assessment shall be 
conducted for each clinical posting in each 
professional year.

 3. Day to day records and log book (including 
required skill certifications) should be given 
importance in internal assessment. Internal 
assessment should be based on competencies 
and skills.

 4. Learners must secure at least 50% marks of the 
total marks (combined in theory and practical / 
clinical; not less than 40 % marks in theory and 
practical separately) assigned for internal 
assessment in a particular subject in order to be 
eligible for appearing at the final University 
exami nati on of  that subj ect. I nternal 
assessment marks will reflect as separate head 
of passing at the summative examination.

 5. Learners must have completed the required 
certifiable competencies for that phase of 
trai ni ng and compl eted the l og book 
appropriate for that phase of training to be 
eligible for appearing at the final university 
examination of that subject.

University Examinations
  Nature of questions will include different l

types such as structured essays (Long Answer 
Questions - LAQ), Short Answers Questions 
(SAQ) and objective type questions (e.g. 
Multiple Choice Questions - MCQ). Marks for 
each part should be indicated separately. 
MCQs shall be accorded a weightage of not 
more than 20% of the total theory marks.

  In subjects that have two papers, the learner l

must secure at least 40% marks in each of the 
papers with minimum 50% of marks in 
aggregate (both papers together) to pass.

  A candidate shall  obtain 50% marks in l

University conducted examination separately 
in Theory and Practical (practical includes: 
practical/ clinical and viva voce) in order to be 
declared as passed in that subject.

  There shall be one main examination in an l

academic year and a supplementary to be held 
not later than 90 days after the declaration of 
the results of the main examination.

  A learner shall not be entitled to graduate after l

10 years of his/her joining of the first part of 
the MBBS course.

Appointment of Examiners
 (a) Person appointed as an examiner in the 

particular subject must have at least four years 
of total teaching experience as assistant 
professor after obtaining postgraduate degree 
in the subject in a college affiliated to a 
recognized/approved/permi tted medical 
college.

 (b) For the Practical/ Clinical examinations, there 
shall be at least four examiners for 100 
learners,out of whom not less than 50% must 
be external examiners. Of the four examiners, 
the senior-most internal examiner will act as 
the Chairman and coordinator of the whole 
examination programme so that uniformity in 
the matter of assessment of candidates is 
maintained. Where candidates appearing are 
more than 100, two additional examiners (one 
external & one internal) for every additional 50 
or part there of candidates appearing, be 
appointed.
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 (c) In case of non-availability of medical teachers, 
approved teachers without a medical degree 
(engaged in the teaching of MBBS students as 
whole-time teachers in a recognized medical 
college), may be appointed examiners in their 
concerned subjects provided they possess 
requisite doctorate qualifications and four 
years teaching experience (as assistant 
professors) of MBBS students. Provided 
further that the 50% of the examiners (Internal 
& External) are from the medical qualification 
stream.

 (d) External examiners may not be from the same 
University.

 (e) The internal examiner in a subject shall not 
accept external examinership for a college 
from which external examiner is appointed in 
his/her subject.

 (f) A University having more than one college 
shall have separate sets of examiners for each 
college, with internal examiners from the 
concerned college.

 (g) External examiners shall rotate at an interval 
of 2 years.

 (h) There shall be a Chairman of the Board of 
paper-setters who shall be an internal examiner 
and shall moderate the questions.

 (i ) A l l  el i gible examiners wi th requisi te 
qualifications and experience can be appointed 
internal examiners by rotation in their subjects.

 (j) All theory paper assessment should be done as 
central  assessment program (CAP) of 
concerned university.

 (k) Internal examiners should be appointed from 
same institution for unitary examination in 
sameinstitution. For pooled examinations at 
one centre approved internal examiners from 
same university may be appointed.

 (l) The grace marks up to a maximum of five 
marks may be awarded at the discretion of the
Universi ty to a learner for clearing the 
examination as a whole but not for clearing a 
subject resulting in exemption.
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online classroom time is then used to deepen 
understanding through discussion with faculty and 
peers. This is a very effective way of encouraging 
skills such as problem-solving, critical thinking and 
sel f -di rected learning.E-seminars, case-based 
discussion, journal clubs, discussion on surgical 
techniques; clinico- epidemiological presentations 
can be very effectively conducted using these virtual 
classrooms.5

E-books
Even though paperback and hardbound books have 
their unquestioned place, the convenience and other 
advantages of e-books are suited for ophthalmology 
residents. e-book versions are available for almost all 
the major textbooks, and they are often stored in every 
ophthalmology resident's laptop or tablet computer 
for quick reference. They make it easier to carry 
around all the necessary books instead of lugging 
around heavy books. They help in easy searching for 
particular topics and quick preparation of student 
lectures. In addition to the standard textbooks which 
are available for purchase, there are several other 
books that have been made freely available online by 
their authors.6

Podcasts
A podcast is an online audio resource which is 
typically published as a series, and this medium is 
useful in certain scenarios when you want to make 
maximum use of time. It is particularly useful while 
driving or working out, when reading or watching 
videos is not possible, but you can still listen. There 
are several interesting ophthalmology podcasts, some 
of which are dedicated to teaching the subject, some 
catch up on ophthalmic news, while others interview 
leading ophthalmologists.7

Advantages of E-learning
Flexibility and ease of access: E-learning is not fixed 
or time bound to a particular schedule and is very 
easily accessible, so learners can choose a place and 
time of their own liking. Teachers can also update and 
edit the learning material at their own convenience. 
Time-saving: More number of students can be taken 
up at same time, thereby reducing the time needed for 
total lectures. The content once made is eternal, and 
can be revisited any number of times.

Uniformity: Since identical information is posted to 
all the participants, the curricula uniformity is 
maintained across the learners. The students posted in 
off-site campuses also receive identical inputs. This 
helps in the uni form attainment of  learning 
objectives.8-11

Hurdles in Usage of E-learning
Hardware and software issues: The technological 
infrastructure in the form of hardware and software is 
compulsory to run e-learning programmes. The 
issues related to the hardware are cost, shortage of 
units, and lack of technical knowledge to operate 
them.
Connectivity: The success of e-learning also depends 
upon the internet connectivity. Adequate bandwidth 
would be needed at various levels to ensure proper 
learning.
Lack of face-to-face interaction: The bulk of the early 
teaching is with traditional face-to-face interaction; 
its non-availability in e-learning is a well-recognized 
challenge.11

Conclusion 
Ophthalmologists have always been at the forefront 
in using the latest technology. Even in the e-learning 
space, there are a lot of valuable online resources that 
would be very useful for a fresh ophthalmology 
resident and practicing ophthalmologist as well. E-
learning is a significant advance with the potential to 
change the face of medical education in India in the 
coming years. For this to happen, Institutions and 
teachers need to be prepared to accept the change, and 
put-in the required resources —  whether manpower 
or time or money. For successful incorporation of e- 
learning in the existing set-up, the fol lowing 
attributes are essential : motivation and sel f -
discipline; ability to study independently or schedule 
study time; understanding the e–learning process; 
and adequate equipment and dedicated work support.
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Introduction
The development of surgical skills requires long hours 
of dedicated effort. You need to have a background 
theory knowledge, a mentor, and patients. Repetitions 
of the same procedure time and again open up new 
vistas and slowly you start developing an insight. 
There is always a definite learning curve. Today's era 
of speed learning requires that we make this learning 
curve short and less steep and also ensure safety of our 
patients. Simulation of the actual scenario by use of 
'Simulators' is very useful in quick and structured 
learning.
Various disciplines that require some motor skill 
proficiency have developed innovative models to 
impart practical training to trainees. Airline pilots 
spend a great deal of time using simulators to acquire 
robust and mature skills necessary to safely fly 
whereas, athletes and musicians spend a lot of time in 
practice and rehearsal before game day or recital. 
They all learn the finer points to be used for the final 
job using simulation models. Simulation is an 
educational  activi ty which is interactive and 
experiential and is designed to mimic a real-life 
activity as realistically as possible. Simulation in 
healthcare is used to develop necessary skills but 
avoiding exposing patients to undue risks.
Simulators and Ophthalmology
The downstream effects of  COVID -19 have 
influenced the educational experience of both trainees 
and practicing clinicians around the world. With less 
number of available patients and social distancing 
norms use of simulators is much more relevant in 
COVID era. The first known medical simulation 
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application was developed in 1963 by Entwislel. This 
application simulated patients with six unique 
diagnoses and provided medical students feedback on 
their diagnostic skills.  1

An eye simulator was developed in 1997 at UC Davis 
Medical  School , Cal i f ornia but onl y sl i ght 
improvements on this model have been carried out 
since then. These simulators are designed to 
demonstrate the effect of disability or malfunctioning 
of any of the ocular muscles and/or nerves controlling 
them; however, the representation of the eye and 
ocular region is very schematic and two dimensional.2

Current simulation systems are based on virtual 
reality and user feedback. Various simulators have 
been developed in the field of ophthalmology.
Holo Eye 
Holo Eye Anatomy application, developed by the L V 
Prasad Eye Institute, works with the Microsoft 
HoloLens headset. Based on the concept of 
augmented reality, the application allows users to 
interact with a virtual 3D model or hologram of the 
eye using hand gestures to pan, zoom, rotate, or slice 
the 3D model into component layers or to the level of 
individual cells such as the cornea. Learning and 
visualizing anatomy is key to a deeper understanding 
of the function and structure, along with pathological 
process in the visual  system. Mixed real i ty, 
combining virtual and augmented reality, provides a 
learning and teaching tool to project 3D eye models in 
space, allowing engaging and interactive learning 
from a new perspective. (Figure1)4
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Fig.1: Smart phone app based ocular anatomy 
simulator

Help e m  see
Help Me See was founded with the mission of   
establ ishing a simulation-based surgical ski l ls 
training program to teach Manual Small Incision 
Cataract Surgery (MSICS) HelpMeSee Eye Surgery 
Simulator is a highly realistic virtual reality trainer for 
Manual Small Incision Cataract Surgery (Figure  2 
and 3). The system provides a scalable approach for 
training cataract eye surgery special i sts and 
ophthalmologists.

 Fig.2: Real eye versus MSICS simulation software

Fig.3: Eye Surgery Simulator 

HelpMeSee Eye Surgery Simulator establishes a new 
standard in virtual reality surgical simulation with 
quality 3D visuals, an ability to provide haptic 
feedback for the very low forces experienced in 
ophthalmic microsurgery, and a feature-rich training 
system.
The Simulator replicates the mechanics of surgical 
interaction: angles, forces, f riction, f low and 
resistance with realistic cause and effect. High-
fidel i ty, virtual real i ty simulation with tacti le 
feedback elucidates the mechanics of ophthalmic 
surgery. Currently programmed with the tunnel 
incision step of the MSICS procedure, the Simulator's 
Simulation-Based Learning System (SBLS) creates 
an unparalleled learning experience.3

Phaco Vision and Eyesi 
There are two other commercial l y avai lable 
ophthalmic surgi cal  simulators. One i s the 
PhacoVision (Sweden) and the other the Eyesi 
(Germany). The first system focuses exclusively on 
the capsulorhexis and phacoemulsification aspects of 
cataract surgery. The second system was originally 
designed as a vitreo-retinal surgical training device, 
though an anterior segment module was subsequently 
developed. The Eyesi anterior and posterior segment 
platforms were obtained and implemented at various 
ophthalmology residency and retina fel lowship 
programs as part of organized surgical training 
curricula. Recent hardware and software advances 
have expanded the simulators to include anterior 
segment training modules also. These include  
capsulorhexis and phacoemulsification training 
modules.5

The Eyesi simulator consists of a mannequin head 
with a mechanical eye, various probes which mimic 
different intraocular instruments, a virtual operating 
microscope with functioning foot pedal, and a 
separate instrument foot pedal. The surgeon is shown 
stereoscopic images of the eye and instruments 
through the microscope while an observer is able to 
monitor from a separate viewing screen.6

The E microscope gives a stereoscopic view yesi 
identical to the real operation theatre microscope. The 
trainee is required to establish suitable visualization 
via the microscope's foot pedal's zoom, focus, and 
X/Y controls. BIOM/ SDI hardware is integrated into 
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the microscope setup.
Modules are available from E for vitreoretinal yesi 
training also (Figure 4). Training sessions include  
i nduci ng posteri or hyaloi d detachment and 
performing peripheral vitrectomies, peeling the 
internal limiting membrane (ILM) or the removal of 
epiretinal membranes.
To help trainees in refining  manual dexterity skills 
associated with vitreoretinal surgery provides a Eyesi 
virtual surgical instrument tray. In the course of 
performing virtual surgery a trainee will use an 
illumination probe in their non-dominant hand. As in 
real retinal surgery enables the surgeon's Eyesi 
dominant hand to alternate between instruments such 
as vitrector, endolaser, forceps, scissors etc

Fig.4: Vitreo retinal surgery simulator

Three-dimensional  (3D) technology helps to 
experience width, depth, and height to simulate real 
l ife. This includes VR, printing, and interactive 
mobile apps. A review study has assessed the recent 
literature pertaining to 3D simulated surgical training, 
which provides a rigorous analysis of the quality of 
assessment of these technologies.7

A recent review offers an example of 3D simulation in 
the printing of rigid gas permeable (RGP) lenses. 
These lenses are ideal for refractive error correction, 
treating keratoconus, and corneal transplant. RGP 
fitting is not easy on irregular corneas and repeated 
trying on of lenses is not only uncomfortable but also 

dangerous as it increases risk of corneal shedding or 
infection. A safer method of fitting RGP lenses uses 
corneal topography obtained through simulation of a 
fluorescence evaluation map based on the corneal 
anterior surface data and RGP lens design parameters. 
This simulation reduces the number of trial lenses 
required. Limitations of this technology, however, 
include the fact that positioning of the lens is 
influenced by the weight of the lens itself and by 
eyelid weight, which is even more influential with an 
irregular cornea.8

Conclusion
 Simulation in ophthalmology training is an emerging 
opportunity. Ophthalmologists can learn from those 
who have been developing robust methods to interpret 
evidence correctly and to assess val idi ty in  
comprehensive manner. With the many advantages of 
simulation for training of clinicians and assessment of 
patients in a cost- and resource-effective manner, we 
are poised to embrace the teachings of this powerful 
emerging field to deliver equitable and timely eye 
care.  

References
1. Entwisle G, Entwisle DR: The use of a digital  

computer as a teaching machine. J Med Educ 
1963; 38: 803-812

2. Eye Simulator/Virtual Patient Simulator. 
[Online]. Available: 
(http://cim.ucdavis.edu/EyeRelease/Interface/To
pFrame.htm)

3. HelpMeSee Eye Surgery Simulator . [Online]. 
Available: (https://training.helpmesee.org/eye-
surgery-simulator/)

4. Flanagan JL, De Souza N. Simulation in 
Ophthalmic Training. Asia Pac J Ophthalmol 
(Phila) 2018;7:427–435)

5. Mahr M, Hodge D. EYESI Ophthalmic Surgical  
Simulator anterior segment anti-tremor and 
forceps training module construct validity: 
attending versus resident performance. J Cataract 
Refract Surg. In press.

6. EYESi  Ophthalmosurgical  Simulator user  
guide.Mannheim, Germany: VRMagic; 2008.

Haryana Journal of Ophthalmology Volume XI I I  (No. 1) January, 2021

19

http://ci
https://trai


7. Kostusiak M, Hart M, Barone DG, et al .  
Methodological shortcomings in the literature 
evaluating the role and applications of 3D training 
f o r  su r g i cal  t r ai nees.  M ed  Teach . 
2017;39:1168–1173.

8. Zhao F, Zhao G, Weijie F, et al. Application of 3D  
printing technology in RGPCL simulation fitting. 
Med Hypotheses. 2018;113:74–76.

9. Singh A, Strauss GH. High-fidelity cataract  
surgery simulation and third world blindness.  
Surg Innov. 2015;22:189–193

Address for  Correspondence:
Dr. Manisha Nada
Professor,
RIO, PGIMS,
Rohtak-124001 (Haryana)
E-mail : manisha_nada@rediffmail.com
Mobile : 9896007158

Haryana Journal of Ophthalmology Volume XI I I  (No. 1) January, 2021

20



Introduction
Low vision is the term used to describe significant 
visual impairment that cannot be corrected fully with 
glasses, contact lenses, medication or eye surgery . It 1

includes loss of best- corrected visual acuity (BVCA) 
to worse than 20/70 in the better eye. The terms 
"partial sight" or "partial blindness" or even "poor 
vision" were used to describe low vision . However, a 1

proper definition of low vision, related to visual 
acui ty, wi l l  help the scienti f ic community to 
understand  low vision better. One accepted definition 
is “Low vision is a condition caused by eye disease, in 
which visual acuity is 20/70 or poorer in the better-
seeing eye and cannot be corrected or improved with 
regular eyeglasses. (Scheiman, Scheiman, and 
Whittaker)  Currently, India has around 12 million 2

blind people which makes India home to one-third of 
the world's blind population . With the increasing life 3

expectancy and thus increasing age related problems, 
the magnitude of visual impairment is expected to rise 
in coming years. With this emerging problem, it 
becomes important to find feasible and effective 
solutions to improve both visual acuity and quality of 
life of patients suffering  from low vision. While “best 
possible” correction is the first step towards this, 
“i mprovi ng si mpl e l i f e-sk i l l s” through a 
rehabilitative process is also as important.
Mater ial and Method
3070 patients with low vision were examined, 
investigated and treated at Mahavir Netralaya 
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Kankarbagh  in the period between May, 2020 to July, 
2020.
Following a systematic screening process including a 
structured history taking, clinical examination and 
relevant laboratory investigation, a more specific line 
of  investigation for low-vision patients were 
undertaken. This included assessing visual acuity 
through Snellen's chart for distance, near vision chart, 
assessing colour vision wi th ishihara charts, 
examination of ocular movements  and Schirmer's 
test. Newer instruments such as Mono-ocular and 
Binocular telescopes were used  to assess distance 
vision. L ikewise, for near vision- Hand held 
magnifiers, illuminated and non- illuminated, pocket 
magnifiers, dome magnifiers, half eye magnifiers, 
cutaways were all used. According to diagnosis and 
need, line of treatment included giving different kinds 
of magnifiers for visual correction and improvement. 
Special rehabilitation techniques were undertaken; 
this included M training for the patients with 
peripheral vision loss, Notex to recognize currency 
using  a variety of new instruments. Also detailed 
home based rehabilitation exercises and task were 
given to each patient which were customized 
according to their situation and needs.
Results
The findings of the study were classified according to 
socio-economic and clinical aspects.
 Socio-economic
Of the 3070 patients, 84% were males and 16% were 
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females. The age of the patients ranged from 11 years 
to 66 years. As the clinic is run by a charitable trust, it 
caters mostly to people of poorer socio-economic 
condition and this was reflected in the occupation of 
the primary earning member, which was 78% 
unskilled, 8% semi-skilled, 5% skilled and only 9% in 
service, professional or business.
Clinical findings
Visual Acuity
On testing for Visual Acuity, it was observed that a 
majority of the patients had acuity problems with only 
10 persons  having 6/6 vision. The majority  had 
visual acuity problems of which over 95% had vision 
poorer than 6/18 in left eye and 98% with vision 
poorer than 6/18 in right eye. The worst condition of 
eye-sight poorer than or equal to 6/42 were 43% in 
right eye and 55% in left eye.

Other i nvestigations: The f i ndings of  other 
investigations were as follows among the patients 
investigated; Rapid Afferent Pupillary Defect: 61% 
no defect, 39% defect. 3029 patients were examined 
for color vision of which 59% had normal and 41% 
had abnormal color vision. 3060 patients were 
examined for near vision of which 91% of patients had 
near vision of N10. 2553 patients were examined for 
Schirmer's test of which 57% had severe condition.

The diagnosis of the patients was as per the chart 
given below:

The diagnosis of the patients was as per the chart 
given below:

Management
A  var i ety  of  t reatment , management and 
rehabilitative processes were undertaken to improve 
the sight of the low vision patients. These included 
trying out a variety of tools, along with counselling, 
hand-holding and supporting them to do simple tasks 
and activities. Each patient was treated differently 
and rehabilitation plan was customized according to 
the patient's needs. A few patients were also referred 
for surgical procedures and tools and therapy given 
post-surgery.

On testing for visual acuity, it was observed that a 
majority of the patients had improvement in visual 
acuity .88% in right eye and 89% in left eye having 
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visual acuity equal to or better than 6/18. This was in 
marked contrast to 2% and 4% in right and left eyes 
prior to rehabilitation and management.
Results in terms of socials aspects, daily tasks and 
improvement in quality of life included the patients 
improved ability for the following tasks: reading 
newspaper, doing fine and gross work, marked 
improvement in undertaking household and outside 
activities and a remarkable regaining of overall 
personal independence and confidence.

Patients completing their rehabilitation were asked to 
rate their satisfaction with the outcome of the process, 
and an overwhelming 96% of them stated that they 
were very much satisfied.

Discussion
The findings of this study have a vital implication 
because the burden of low vision is gradually 
increasing; but despite this, there are path breaking 
and unique tools that can be used in rehabilitation and 
remarkable improvement of sight. This is not unlike 
the revolutions in eye-care management brought 
about by the humble spectacles and the phenomenal 
cataract surgeries and intraocular lens implantation.
Pal et al did a study on 703 children attending blind 
schools and ascertained the need for spectacles and 
Low vision devices (LVD) in children with useful 
residual vision4. They concluded that there is large 
potential for these “incurably blind children” to 
benefit by use of spectacles and Low vision aids and 

emphasized the need of visual rehabilitation in these 
children. Khan et al 5. analyzed the perceived barriers 
to provision of LVDs among ophthalmologists in 
India and concluded lack of training/knowledge, lack 
of awareness, and no availability of LVDs as the major 
barriers. They emphasized the importance of 
i ncreasi ng know l edge and awareness of 
ophthalmologists about the benefits of low vision 
rehabilitation.
The important finding in this study was that patients 
were from lower socio economic conditions, and from 
a wide range of ages making life overall limited and 
difficult for them, whether it was related to household 
wok, outside work, schooling or occupation. It was 
interesting to observe that a significant improvement 
also occurred in activities indoors and outdoors and a 
remarkable gain in confidence and satisfaction. This 
very important inference of the study underscores the 
need for timely and effective vision rehabilitation to 
help maximize the quality of life.
Low vision interferes not only with their routine and 
academic activities but it has also been now well-
establ ished that low vision has psychological 
consequences as well thus making patient feel 
inconfident and limited. Little things like going 
outside alone, handling money, reading boosts 
confidence and enable patients to progress further in 
life. The tools are also affordable and easy to use, 
making the case of visual rehabilitation in low vison 
patients even stronger.
Conclusion
For low vision patients a systematic approach to 
screening, diagnosis, and treatment is needed, but in 
addition, nuanced rehabilitation using tools, tasks and 
techniques both at the clinic and at home can help to 
bring improvement in  the quality of life.
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Introduction
Central  serous chorioretinopathy (CSCR) is 
characteri zed by serous detachment of  the 
neurosensory retina associated wi th focal  or 
multi focal areas of leakage at retinal pigment 
epithelium (RPE). As the name suggests the changes 
in inner choroid and retina represent the primary and 
secondary abnormality of this disorder respectively.1  
The increased hydrostatic pressure of choroid, causes 
detachment of the neurosensory layer from the 
pigment epithelial layer and accumulation of fluid 
between the two. Central vision is affected early due 
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Correlation of visual acuity with retinal thickness 
and submacular choroidal thickness in patients of 
central serous chorioretinopathy 

to macular involvement and is one of the prognostic 
factor for CSCR.  Although known to be idiopathic, 2

there are several risk factors associated with its 
causation which include  glucocorticoid use, 
smoking, type A personality, disorders associated 
with increased endogenous steroids l ike stress, 
emotional distress, pregnancy, Cushing's syndrome, 
sy st emi c hy per t ensi on,  sy st emi c l upus 
erythematosus, poor quality of life, psychological 
problems, and a history of psychiatric illness.
CSCR can occur in both acute and chronic forms; the 
former i s usual l y sel f -l imi ti ng wi th simple 
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observation being the standard management in most 
cases. The duration in the latter has varied in different 
studies from persistence of fluid for 3 months ,  to  at 
least 6 months.,  However, recurrences within 1 year 
are commonly seen in approximately 30%–50% of 
patients., 
The diagnosis of CSCR is confirmed by Fundus 
Fluorescein Angiography (FFA),  Although several 
studies have described the angiographic characteristics 
of acute CSCR in the Western population, data in 
Asians is limited .  Recently OCT has emerged as a 11

newer diagnostic tool for evaluating CSCR under the 
spectrum of Pachychoroid disorders. The altered 
morphology in the form of abnormally thickened 
choroid (>395µm) wi th vascular di l atati on  
(pachyvessels  in the Hallers and Sattlers layer), 
hyperpermeabi l i ty and al terati on of  chori o 
capillaries(inner choroidal layer)  can be assessed by  
the Enhanced Depth Imaging in OCT. OCT thus has 
become an important tool in assessing the choroidal 
thickness in CSCR both during diagnosis and 
subsequent follow up. As the disease is known to 
affect Type A personality people, OCT prognosticators 
could help in patient counseling to a great extent. 
There have been no studies evaluating the correlation 
between thickness of choroid and visual outcome in 
CSCR especially among Indian patients even though 
CSCR is known to resolve completely with a good 
visual outcome in the majority. However in some, 
sequelae are known to occur as a result of which visual 
gain may not be complete. With this background in 
mind, we measured the retinal  thickness and 
submacular choroidal thickness with help of OCT and 
correlated it with visual outcome in patients of CSCR.
Methods
A hospital based, prospective, observational study 
was carried out among outpatients  visiting the retina 
clinic of a teaching and referral tertiary centre. A total 
of 11 consecutive cases of CSCR were enrolled 
between March 2019 to August 2019. A written, 
informed consent was obtained prior to enrollment.
The diagnosis of CSCR was made if the patient 
showed a neurosensory detachment of retina on OCT 
which was further confirmed by FFA. In order to 
avoid confounding effects of  other causes of 

decreased vision, patients with advanced cataract, 
macular pathologies, history or evidence of any ocular 
disease such as uveitis, glaucoma, amblyopia, 
strabismus or retinopathies of  any type were 
excluded.
The study included 11 eyes of 10 patients (3 females, 
7 males) with the age ranging from 27–59 years(Mean 
38.6± 11.2SD)). A detailed history was taken from all 
patients especially for the use of steroids in any form. 
A trained blinded optometrist recorded logMAR 
visual acuity using Snellen acuity chart at a distance 
of 4 meters (S). All patients were subjected to a 
detailed slit lamp biomicroscopic examination. A 
thorough dilated fundus examination using slit-lamp 
biomicroscopy with +90 D lens was done by a trained 
Ophthalmologist (SN). All patients were subjected to 
color fundus photography (VisuCam 524), High-
Definition (HD) macular cube 512×128 scanning 
using Cirrus HD-OCT 500(Carl Zeiss Meditec, Inc., 
5160 Hacienda Drive, Dublin, CA 94568 USA) (RN) 
and EDI scan using Zeiss Cirrus HD-OCT 500. FFA 
was done in all the patients using 10% sodium 
fluorescein dye. The leakage points and types of 
leakage pattern seen on FFA were recorded in all. 
Measurement of SRF height (distance from RPE to 
photoreceptors) and sub-macular choroidal thickness 
(distance from inner scleral boundary to RPE) were 
performed for each patient using the caliper function. 
Data analysis was done using a two-tailed paired t test 
to calculate statistical significance of logMAR visual 
acuity, retinal thickness, choroidal thickness and 
serous thickness at first visit and 4 weeks. A P value of 
less than .05 was considered to be statistically 
significant.The correlation between visual acuity and 
retinal and choroidal thickness was studied using 
Pearson correlation coefficient.
Results
All patients were kept under observation and no 
treatment was given. The mean± SD age of the study 
subjects was 38.6±11.2 (Range, 27-59) years. There 
were 7 males (70%) and 3 females (30%).Of the 11 
eyes, at 4 weeks follow up, CSCR persisted in 2 
(18.2%), decreased by >10% of SRD in 6 (54.5%) and 
completely resolved in 3 eyes (27.3%). Bilateral 
CSCR was present in 1 patient and the rest had 
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unilateral disease.
The mean ± SD logMAR visual acuity at baseline was 
0.5 ± 0.5. The mean ± SD retinal thickness at initial 
visit was 388.7 ± 97.7µm and the height of serous 
retinal detachment was 173.0 ± 99.6 µm. The mean ± 
SD choroidal thickness during initial visit showed 
Haller's layer thickness of 479±101.4 (range 314-
580) and Sattler's layer thickness of 121.3 ± 33.6 
(range 54-170).
 The logMAR VA noted at 4 weeks of follow up 0.0-
1.04 (Mean 0.3 ± 0.3SD). It had improved in 8 eyes 
(72.7%), decreased in 1 eye (9.1%) and remained 
same in 2 eyes (18.2%). This di fference was 
statistically significant (p=0.05). The mean±SD 
retinal and SRD height at 4 weeks was 321.7±88.9 µ 
and 114.7±106.9 µ respectively. This too was 
statistically significant (P= 0.04). Both Haller's layer 
and Sattler's layer thickness had signi ficantly 
decreased to 384.5 ± 76.0 (Range 280-511) and 
104.36 ± 18.4(Range 60-119) respectively(P=0.05) . 
Although retinal and choroidal thickness decreased 
after 1 month, it did not reach normal levels.

We found a  positive  but weak correlation between 
final visual acuity and retinal thickness, choroidal 
thickness and SRD at baseline.

*  P value < 0.05
OCT at first visit (Figure 1)  and 4 weeks (Figure 2) 
showing resolution of SRF and reduced retinal and 
choroidal thickness and subretinal detachment height. 

AT DIAGNOSIS

(MEAN ± SD)

AT 4 WEEKS

FOLLOW UP

(MEAN ± SD)

CORRELATION

COEFFICIENT(BASELINE

PARAMETERS WITH

FINAL VA)

Visual acuity (log

MAR) a

0.5 ± 0.5 0.3 ± 0.3*

Total Retinal

thickness b

388.7± 97.7 321.7 ± 88.9* a & b

0.17

Serous thickness c 173.0 ± 99.6 114.7 ± 106.9* a & c

0.10

Haller’s layer d 479± 101.4 384.5± 76.0* a & d

0.20

Sattler’s layer e 121.3±33.6 104.3±18.4* a & e

0.17

The visual acuity of the patient was 0.0 LogMAR.

Fig. 1 : SRF at presentation

Fig. 2 : Resolution of SRF after 4 weeks
Discussion
CSCR is a relatively common condition and usually 
affects healthy middle-aged males between 20 and 50 
years. Sex ratio (male: female) in our study was 8:3. 9 
out of 10 cases had unilateral disease (81.8%) .
In our prospective study we found that CSCR in most 
eyes was self limiting and  resolved at 4 weeks follow 
up. Our findings also revealed significantly decreased 
retinal and choroidal thickness in all the eyes from 
diagnosis to 4 weeks follow up. Furthermore, there 
was a commensurate and significant improvement in 
visual acuity in about three fourths of the eyes. 
The findings compare favorably with that reported in 
literature, where a large majority of patients with 
acute classic CSC resolve spontaneously and 
experience complete restoration of vision.  The 16

visual acuity in our patients had spontaneously 
improved in 72.7% within 4 weeks and was logMAR 
0.0 in 27% patients. This is much higher than 
previously reported wherein 40% of patients had 
improved to 6/6, 30% to 6/9 and 10% to 6/12.  17-19
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We observed a positive correlation between visual 
acuity and the serous detachment height and retinal 
thickness as measured by OCT. These findings imply 
that inflammation and fluid accumulation between 
neurosensory and retinal pigment epithelium layers in 
CSCR possibly decreases with time.    
However some patients may experience permanent 
visual deficits in the form of decreased visual acuity, 
contrast sensitivity or color vision or distortion of 
central vision in the affected eye.  Some of the 16

postulated reasons for failure to regain complete 
vision are photoreceptor damage due to neurosensory 
detachment, atrophy, RPE pigmentary abnormalities 
or subretinal fibrosis. CSCR induced retinal serous 
detachment, central  scotoma, metamorphopsia, 
dyschromatopsia, and decreased visual size and 
visual contrast sensitivity are well reported visual 
abnormalities.  The follow up period over which 20

these visual abnormalities were reported ranged from 
3 months to 14 years. In our study, one patient with 
bilateral disease showed a deterioration in logMAR 
visual acuity over 4 weeks due to increase in height of 
SRD. History of steroid intake or any other medical 
event was unremarkable.
Similarly Loo et al had shown that serous retinal and 
RPE detachment correlated with a final visual acuity 
of  0.5 or less.  at a follow up period of 8 years. On the 21

contrary in the current study we found a positive 
correlation of VA with SRD but not with RPE 
detachment. This could be explained by the shorter 
follow up period and fewer patients with RPE 
detachment in our study as compared to Loo et al21

In a retrospective study of 32 eyes; 12 acute non 
treated and 20 ranibizumab treated chronic CSCR , 
choroidal thickness(CT) changes as measured by 
OCT at the following points- subfoveal, nasal and 
temporal 500µm and 1500 µm  were compared. At a 
mean ± SD follow up of 21.6 ± 8 months they found 
that CT had decreased significantly at nasal 1500 µm 
(N1500) in acute group and all except T500 point in 
chronic group. Their objective was to study the 
anatomical and functional difference in CT at 
diagnosis and after resolution of fluid in both acute 
and chronic CSCR.  However, the authors had not 22

correlated the change in CT with visual acuity as was 
done by us.

In another study evaluating the role of eplerenone in 
chronic CSCR and subretinal fluid, 14 eyes were 
monitored for a period of 3 months wherein visual 
acuity and choroidal thickness were measured. The 
findings of this study at 1 month follow up showed 
concordance with our OCT findings;  10 eyes had 
decreased subfoveal fluid height as measured on 
OCT, 2 eyes showed complete resolution of subretinal 
fluid with mean CT reduced(p=0.07).   However the 23

finding of a corresponding improvement in mean VA 
was di fferent f rom ours. More eyes showed 
improvement at 3 months follow up: 13 eyes had 
reduced subfoveal fluid height and 9 eyes showed 
complete resolution with improvement in mean VA 
suggesting that with longer time the sub-retinal fluid 
gets further resorbed.
OCT plays an important role in the diagnosis and 
monitoring the evolution of CSCR. It not only helps 
in observing the retinal  neuroepi thel ial  layer 
morphology and the changes of RPE, but also in 
tracking the subretinal fluid changes . Most studies 24

on CSCR have used OCT.
Conclusion
Most eyes with CSCR resolve without treatment at 4 
weeks as evident by the significantly decreased retinal 
and choroidal thickness. The visual acuity had also 
improved significantly in nearly three fourths of the 
eyes. There was a positive correlation between visual 
acuity and the serous detachment height and  retinal 
thickness. The study however failed to show any 
strong correlation of choroidal thickness with visual 
acuity and a definite correlation of retinal thickness 
and visual acuity at 1 month. 
The strength of our study is that it is one of its kind 
from Asian region where there is paucity of literature 
on CSCR. A short follow up period of 4 weeks seems 
to be the major limitation of our study. A longer follow 
up duration would have thrown more light on the 
evolution of morphological and functional changes 
and its correlation with visual acuity. This study paves 
the way for a larger study with more sample size and a 
longer follow up period to map out the chronic 
persistent changes in CSCR. This wil l help in 
planning definitive targeted therapy for persistent 
changes. 
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Introduction
Coronavi ruses are posi tive-strand enveloped 
nucleocapsid RNA viruses. They are divided into 4 
genera: alpha, beta, gamma and delta based on 
genomics and serology. 10% to 30% of all upper 
respiratory tract infections in adults are linked to 
coronaviruses.  Four human coronaviruses (HCoVs) 
namely HCoV 229E, NL63, OC43, and HKU1 have 
become endemic globally.  From the turn of the 1

millennium major epidemics by zoonotic HCoVs 
have been reported which manifested as Severe Acute 
Respiratory Syndrome(SARS) in 2002-3 and the 
Middle-East-Respiratory-Syndrome (MERS) in 
2012. Humans are competing with wild animals 
invading their shrinking wild habitats and therefore 
the zoonotic infections are an inevitable result. The 
2020 pandemic due to novel coronavirus 2019 (nCoV 
2019) was reported from a cohort of patients with 
pneumonia traced to Huanan Seafood Market at 
Wuhan the capital of Hubei Province in China.  Novel 
coronavirus 2019 or Covid-19 infections were mostly 
mildly symptomatic and self-l imiting but acute 
respiratory distress syndrome (ARDS) requiring 
ventilation was reported in 5 to 10% of individuals. 

Jatinder Bali  Ojasvini Bali  1 2MS, 
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Why is negative pressure operation 
theatre in ophthalmology not a good idea?

Mortality and complications were higher in advanced 
ages. The reports of  a bi lateral  ground glass 
appearance in lower lungs on computed tomography 
and a cytokine storm was also reported by some 
authors. Multiorgan dysfunction syndrome and 
myocarditis have also been reported in recent 
studies.1,2

The Premise
The current pandemic resulted in over half of the 
world being locked down. Different countries tried 
different approaches to battle the virus with varying 
results. Now the world looks to l i fe after the 
pandemic. The economies are under threat of 
recession and even deflation. The healthcare sector is 
also looking to resume its elective or need based 
services. The clarion cal l  has come from the 
Ophthalmology chains which are faced with the threat 
of liquidity. Heightened risks during surgery were 
reported in the literature and apprehensions were 
expressed by the experts in the past.  Covid-19 is 3

transmitted through particles or droplets in the air. 
The anesthetists, ophthalmologists, dentists and 
otorhinolaryngologists were reported to be at higher 
risk of contracting the disease especially so when they 
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carried out procedures that generated aerosols. There 
were reports of otorhinolaryngologists on ventilators 
in Britain suspected of contracting the virus through 
contact with asymptomatic Covid-19 patients.  4

The patient, surgical team and surgeon wear a sterile 
clothing along with the usual scrubs and thus would 
be deemed to be protected. But the problem is 
something different. The air conditioning in these 
theatres classically uses 80 percent recirculated air to 
cut on costs. The temperature and relative humidity 
are kept at 210 C ± 30C and 20 to 60 percent relative 
humidity.  Aerosols can leave the virus almost 5

everywhere, and they can persist on plastic, metal and 
cardboard for varying durations. The virus can be 
present for up to several days on some surfaces. 
Classically the fumigation procedures would be 
carried out at the end of the week or end of day in 
some cases with medical ultraviolet light irradiation. 
It is not possible to clean the air or surfaces between 
surgeries. 
Discussion
Operating rooms are sterile environments. But that is 
at the start of the work day. Once aerosols are 
generated by the dri l ls of  the orthopedists or 
handpieces of the ophthalmologists and the air is 
affected then we need to consider the air conditioning 
where the fan that sucks in and circulates the air in the 
operating theater. The current recommendation of 
using one hundred percent fresh air thus will have 
some impact and has some merit. However, Dr Alister 
Hart, a Bri ton operating at Bri tain's largest 
orthopaedic hospital, contends that if a patient 
happens to be infected with Covid-19, even if he is 
asymptomatic then the combination of power tools, 
high-velocity splatter and ventilation systems can 
produce a viral wind tunnel. “If the theater has had 
anyone with the virus in it during the previous 72 
hours the airborne aerosol could have landed on some 
surface,” including the ceiling. Even with most 
stringent cleaning  protocols it is impossible to 
prevent this. According to him the implication is that 
“very soon all our operating theaters will be covered 
in Covid-19. And then you switch on the ventilation 
and you blow it all over the place” and operating 
rooms will become “viral labs in a wind tunnel” 
unless we address these concerns.  So it appears that 6

soon the “new normal” will have to take this into 
account.
The ai r  condi t i oni ng team responded by 
recommending 25 air changes per hour and a negative 
pressure inside the operation theatre. They added 
some extra ones like using 40-60 percent humidity 
and setting the temperature at 24-30 degrees 
centigrade. This response was typical of an industry 
trying to apply quick fix solutions without actually 
engagi ng w i t h t he st akehol der s.  These 
recommendations found their way into the guidelines 
of some professional bodies also. What no one 
realized was that negative pressure operation theatres 
were prescribed for infected cases and have been there 
since ages. In ophthalmology, it opened a Pandora's 
box. Now the negative pressure means that air from 
the surroundings will find its way into the operation 
theatre though the air curtains and this is definitely 
more contaminated than the treated air from the air 
handling unit over the operating table. The wind 
tunnel now has another source of adding contagion. 
One solution to the problem is using close to zero 
pressure ventilation systems. This means that the split 
air conditioners and window units are now useful 
again if we can ensure disinfection, which we cannot. 
The second, a little less elegant solution is the use of a 
venting mechanism with a containment just next to 
the operation theatre. It is a satisfactory solution if the 
vented air is treated and vented out at least three feet 
or more above the inlet. That has still not addressed 
the question that the paper had raised. One solution is 
negative pressure hood over the aerosol generating 
area.
Covid-19 can be transmitted even by those without 
symptoms which makes this pandemic different from 
the previous coronavirus infections. Face masks 
cannot provide sufficient protection. One patient 
undergoing surgery in Wuhan infected 14 health care 
workers before a fever was even registered . No 7

uni f i ed hospi tal  protocol  f or managing the 
coronavirus wi thin surgical  settings has been 
validated and most of the talks are in the realms of 
conjecture. 
The world is trying to grapple with the definition of 
full PPE in this pandemic. A full-body, light plastic 
protection with goggles and face shields is the 
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Chinese version of full PPE. It leaves very little 
surface area of the body exposed to receive aerosol 
droplets. This is clearly very uncomfortable over any 
extended period of time.  
Asymptomatic transmission and virus survival on 
surfaces makes this dangerous for the health 
professionals. The “viral load” in these settings in 
surgeons tends to be greater than those who pick the 
virus up in the community from touching an infected 
surface and then touching their faces. Whether a 
higher dose is linked to cytokine storms, in which the 
body's own defenses overreact, cause inflammation 
and wreak havoc in the lungs is still unknown.8

The mounting evidence seems to suggest that doctors 
are being exposed to a high-risk environment without 
proper protection. And no it is not about shortages. 
They add another dimension to the problem but it has 
largely been addressed on the scientific forums at 
least. We are some distance from clarity on what 
constitutes correct procedure for respirator reuse as 
the world has acknowledged that we need to find ways 
to make it last longer or find some more permanent 
methods.
Universal precautions are the best way forward. All 
patients, unless proven otherwise, are assumed to 
have the disease and surgeons take the appropriate 
precautions.  The only problem here is that how do we 
test the surgeon and his team every time before he 
enters the operating room.
It does appear that the days of mindless factory style 
conveyor belt surgery with seventy cases scheduled 
for a single day may actually not be coming back for 
several years to come most probably. The results of 
the drum experiment that demonstrated the 
persistence for three hours may not be applicable to 
real life situations, nor would the knowledge of 
minimum infective dose really be forthcoming for 
sometime at least. Therefore, it is safe to presume that 
need based surgery would be a paradigm coming up as 
even the elective surgery would have to be triaged. 
Urgently answering the questions l i ke, “are 
phacoemulsification and vitrectomy surgeries to be 
considered aerosol generating on the basis of 
simulation studies” and “is business process redesign 
to address the air inside the operation theatre relevant 
to practice of today” is of prime importance with at 

least some strong evidence. The economic impact of 
the lockdown is being felt by practices which used 
debt to grow and the aftershocks of the debt to growth 
models leveraged very well by the ophthalmic support 
and logistics microenvironment are being felt by the 
manufacturers and practitioners alike. However, there 
is a word of caution as we move towards reopening 
our practices. The lawsuits can be far more damaging 
and expensive than the losses incurred by the 
lockdown. 
Conclusion
A cautious and calibrated response based on evidence 
is the need of the hour. Any clairvoyant guidelines or 
position statements can at best be deprecated and at 
worst be detrimental  to the interests of  the 
ophthalmologists at large. The discussions should 
involve the stakeholders and scientific evidence 
should be evaluated dispassionately before any major 
changes are envisaged.
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Introduction
Keratoconus is a clinical term used to describe a 
condition in which the cornea assumes a conical 
shape because of thinning and protrusion. The 
process is non-inflammatory. Cellular infiltration and 
vascularization do not occur. It is usually bilateral 
although only one eye may be affected initially. It 
involves the central two thirds of cornea and is usually 
centered just below visual axis. The corneal thinning 
induces irregular astigmatism, myopia and protrusion 
leading to mild to marked impairment in the quality of 
vision. Keratoconus, classically has its onset at 
puberty and progresses until the third to fourth decade 
of life, when it usually arrests. It may, however, 
commence later in life and progress or arrest at any 
age. Rarely, it may be congenital.      
Classification
On the basis of Keratometry
  l Mild:  <48D
  l Moderate : 48-54D
  l Severe:  >54D
On the basis of Morphology 
  l Nipple cones:  5mm steep curvature may be   
  located apically, centrally or para-centrally
  l Oval cones: larger globus, 5-6mm, displaced 
infero-temporally
  l Globus cones: largest>6mm
Presentation of a case of keratoconus
Chief complaints
Symptoms are highly variable and, in part, depend on 
stage of progression of the disorder. Early in the 
disease there may be no symptoms and keratoconus 
may be noted by the ophthalmologist simply because 
the patient cannot be refracted to a clear 6/6 vision. In 

Keratoconus: Presentation and management

Vandana Sharma , Apoorva Goel MS MS, 
R S Chauhan MS
Regional Institute of Ophthalmology, PGIMS, Rohtak

advanced disease there is significant distortion of 
vision accompanied by profound visual loss. Patients 
with keratoconus fortunately never become totally 
blind. 
Past History
Patient may complain of symptoms suggestive of 
allergic conjunctivitis and excessive rubbing of eyes. 
Patient may also give a history of episodes of severe 
pain, photophobia and watering along wi th 
diminution of vision fol lowed by spontaneous 
recovery indicating previous episode of acute 
hydrops.
Personal history is usually not significant.
Family history is usually not significant.
Treatment history: Patient may give a history of long-
term contact lens usage, rigid gas permeable lens 
usage or having undergone some corneal procedure.
General physical examination:
GPE may reveal features suggestive of genetic 
disorders such as Down's syndrome, Ehlers Danlos 
Syndrome, Osteogenesis Imperfecta, or Lebers 
Congenital amaurosis.
Features of atopic dermatitis may also be seen.
Ocular examination:
Clinical signs also differ depending on  the stage of 
disease.
External Signs
Munson's Sign- V shaped conformation of the lower 
lid produced by the ectatic cornea in downgaze. 
(Figure 1)
Rizzuti's Sign- Sharply focused beam of light near the 
nasal limbus, produced by lateral illumination of the 
cornea in patients with advanced keratoconus. 
(Figure 2)
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Fig. 1: Munson's sign

Fig. 2: Rizutti's sign
Slit- Lamp Findings
  l Stromal thinning [central or para-centrally, 

most commonly i nferi orl y or i nf ero-
temporally.

  l Conical protrusion of cornea.
  l Fleischer ring –An iron line partially or 

completely surrounding the cone.
  l Vogt`s striae –Fine vertical lines in deep 

stroma and Descemet's membrane that are 
parallel to the axis of the cone. These lines 
disappear transiently on gentle digi tal 
pressure on the globe.

  l Epithelial nebulae.
  l Anterior stromal scars.
  l Enlarged corneal nerves.
  l Subepithelial fibrillary lines.
Retroilumination Signs
  l Scissoring reflex on retinoscopy.
  l Oil droplet sign CHARLEUX SIGN. 
  (Figure 3)

Fig. 3: Oil droplet sign

Photokeratoscopy Sign 
  l Compression of mires infero-temporally [egg 

shaped mires].
  l Compression of mires inferiorly or centrally.
Videokeratography Signs
  l Localized increased surface power.
  l Inferior superior dioptric asymmetry.
  l Relative skewing of the steepest radial axes 

above and below the horizontal meridian.
Corneal Scheimpflug Imaging (pentacam)
  l Steepening of cornea mostly in paracentral 

area.
  l Thinning of cornea with apex mostly in 

infero-nasal quadrant.
  l Belin- Ambrosio enhanced ectasia maps 

reveal minute corneal curvatural anomalies.
  l Corneal  thi ckness spatial  prof i l e and 

percentage corneal increase show increased 
progression of corneal thinning. (Figure 4 and 5)

Fig. 4 and 5:  PENTACAM of a patient of 
keratoconus.
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Differential Diagnosis
1. Pellucid marginal degeneration
  l Usually detected between the second and fifth 

decade.
  l Characterized by thinning of inferior cornea 

from the 4 to 8 'o' clock position.
  l 1-2 mm uninvolved area between the thinning 

and the limbus.
  l Corneal protrusion is more marked above the 

area of thinning.
  l Thickness of central cornea is usually normal.
  l Topography has a classical butterfly or crab 

claw appearance, demonstrating large 
amounts of against the rule astigmatism.

2. Terrien's Marginal Degeneration
  l Affect both the superior and inferior cornea.
  l Accompanied by l ipid deposi tion and 

vascular invasion.
3. Keratoglobus
  l Rare disorder in which the entire cornea is 

thinned most markedly near the corneal 
limbus.

  l Cornea may be thinned to as little as 20% of 
normal thickness and it assume a globular 
shape.

  l Topography reveals simple against the rule 
astigmatism.

  l The condition is bilateral, but usually is 
present from birth and tends to be progressive.

  l Cornea in keratoglobus prone to corneal 
rupture from even minimal trauma, thus hard 
contact lenses are contraindicated.

  l In advanced keratoconus, the entire cornea 
can also be thinned and globular, however 
there may be a small area of uninvolved 
cornea superiorly that approaches normal 
corneal thickness.

Management of keratoconus
1. Contact lenses
  l Mainstay of therapy in this disorder and 

represent the treatment of choice in 90% of 
patients. The type of contact lens used varies 
depending on the stage of keratoconus.

  l Four types of contact lenses are used:
  (1) Large diameter rigid gas permeable: useful in 

early to moderate keratoconus with inferiorly 
displaced concentration. Belin recommended 

an initial trial fit with a lens with central 
posterior curve equal to or 0.5 mm flatter than 
flat keratometry of the patient.

  (b) Post sphere lens: useful for moderate nipple 
cone and for inferior displaced cornea.

  (c) Nipple cone lens: better suited for nipple 
keratoconus.

  (d) Sopar or Meguine lens: used for more ectatic 
cornea.

  The challenge is to keep the patient contact 
lens tolerant with good visual acuity in a 
cornea that may be changing in shape over 
time.

2. Corneal collagen crosslinking
  l Utilizes riboflavin and ultraviolet-A (UV-A) 

to increase the biomechanical strength of the 
cornea by photochemical cross-linking of 
individual collagen fibers of the anterior 
stroma.

  l Halts the progression of keratoconus.
  l Earl y detect i on and management of 

keratoconus with C3R ensures a cone with 
minimal steepening and a better contact lens 
fitting.

3. Penetrating keratoplasty
  l Indicated when the patient becomes unable to 

tolerate contact lenses or when the vision 
obtained is not satisfactory.

  l Progression of cone size towards limbus, 
necessitating a larger desirable graft.

  l Some studies suggest that patients whose best 
corrected spectacle visual acuity is 6/12 or 
worse should be offered cornea transplant.

  l Technically a penetrating keratoplasty is 
simi lar to other graf ts done for non-
vascularized corneal disease .

  l Select the smal lest trephine that wi l l 
encompass the entire cone and still allow an 
adequate optical zone free from suture, 
usually between 8.0 mm and 8.5 mm.

  l It is desirable to leave a small amount of with 
the rule astigmatism, as patients can tolerate 
this better and it allows for easier contact lens 
fitting than against-the-rule astigmatism.

4. Lamellar keratoplasty (L.K)
  l Alternative to penetrating keratoplasty for the 

treatment of advanced keratoconus.
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  Criteria for L.K include a healthy host ocular l

surface, optimal endothelial function, a 
corneal opacity that spares the Descemet`s 
membrane or a grossly distorted corneal 
surface that precludes a contact lens fitting.

5. Epikeratoplasty
  l A form of onlay L.K.
  l Treatment modal i ty i n pati ents wi th 

keratoconus who demonstrate good visual 
acuity with a diagnostic contact lens but who 
cannot tolerate contact lenses because of 
severe corneal distortion.

  l Central epithelium is removed from the 
recipient cornea and a small peripheral 
keratectomy and keratotomy are created in 
the anterior stroma.

6. Corneal intacs
  l Two PMMA segments 0.45 mm thickness are 

implanted in corneal tunnel to achieve 
maximal flattening of the cornea.
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Introduction
India is a densely populated country with various 
economic and social disparities and thus, possesses 
great chal lenge in this era of the COVID-19 
pandemic. In order to confine the spread of this 
infection and to reduce the pressure on healthcare 
systems, India went into a lockdown on 25th March 
2020. Accordingly, people were confined to their 
homes with limited access to many services, which 
are temporari ly closed, thus producing huge 
complications.
The COVID-19 has sent humanity indoors, thus 
replacing human contact wi th an electronic 
connection such as mobile phones, tablets, laptops, 
televi sion, etc. According to the UNESCO, 
approximately 1.37 billion students (80% of the 
world's student population) from >130 countries 
globally are affected by these lockdown measures, 
with digital or e-learning approaches replacing face to 
face, classroom-based learning. One of the major 
health concerns of the increased use of electronic 
devices (e-devices) is Digital eye syndrome (DES) or 
Computer Vi si on Syndrome. Based on the 
pathophysiology and symptoms, DES can be 
categorized into two types: Internal and External 
DES. Internal DES mainly affects the user's visual 
system of  accommodation, convergence and 
refraction. Users of e-devices will complain of 
blurring of distance and/or near vision, difficulty in 
re-focusing and headaches. External DES manifests 
with users complaining of tired red eyes, sensitivity to 
light and general ocular discomfort due to extended 
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screen time. These symptoms are attributable to 
drying of the anterior surface of the eye, especially the 
cornea, due to a reduced blink rate. 
Another major concern is global rise in the number of 
children becoming myopic. The combination of more 
screen time and less outdoor time actually harms 
children's vision and puts them at a higher risk of 
developing myopia, that can lead to serious eye 
problems in the future. The prevalence of myopia 
among children ages 6-10 years is estimated at round 
40% in Europe, North America and even higher in 
Asia. The Generation R study which involved 5074 
children in Rotterdam found an association between 
increased computer use and myopia at 9 years of age. 
The combined effect of near work including computer 
use, reading time and reading distance, increased the 
odds of myopia.  McCrann et al, also found that 
device recorded smartphone data usage, an objective 
surrogate for time spent using the smartphone, was 
independently associated with myopia in a study of 
418 students. There is a possibility that a prolonged 
battle against the COVID-19 virus may lead to an 
increase in the incidence of myopia by causing long 
term behavioral changes favorable for the onset and 
progression of myopia.
Not only eyes are affected by increased exposure to 
screen but behavioural changes also may arise in 
children such as lack of sleep, anxiety, stress, anger, 
loss of social skills, etc. Although school closures may 
be short-lived, increased access and adoption of such 
platforms may accelerate the widespread acceptance 
of digital tools in the longer term. Behavioural 
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changes that arise from the growing dependence on 
digital devices may persist even after the COVID-19 
pandemic, and it is a possibility that cannot be 
under-estimated. 
Preventive Measures
Though we cannot totally avoid screen exposure as 
online mode of teaching and working from home has 
become the 'new normal' in this COVID era, but we 
can definitely ensure ourselves and our children to 
adopt some safe screen practices and preventive 
measures.
  l Frequent breaks: Follow the simple 20-20-20 

rule which means taking a 20-second screen 
break every 20 minutes to look at objects 20 
feet away from you.

  l Frequent blinking: Staring at a screen makes 
us blink less often, which dries out the eyes. 
Blinking moistens the eyes, reducing dryness 
and irritation.

  l Increasing the font size: This will help in 
maintaining a proper distance, and also avoid 
squinting the eyes while reading long reports.

  l Screen etiquette: Learning the basic screen 
etiquette like adjusting brightness, resolution, 
and contrast for better clarity and comfort. 
Avoid using devices in bright sunlight. Also 
wipe your screen at least once every day to 
improve visibility.

  l Regularly checking device settings: In order 
to minimize glare as much as possible. 
Aligning your monitor to the eye level and 
working in ergonomic settings wil l also 
reduce the amount the eyes have to strain 
while focusing.

  l Screen distancing: The distance between the 
eyes and screen should not be less than 50cm.

  l Cutting reflection: Keep monitors away from 
windows – and never face a window when 
using a computer or a laptop. Anti-reflection 
lenses with blue coating are also helpful.

  l A healthy diet: To curb the effects of digital 
eye strain, keep the eyes healthy by eating 
foods rich in vitamins and minerals, stay well-
hydrated and get plenty of sleep each night. 
Leafy vegetables, carrots, papaya, dates are a 

great source of vitamin A.
 Hydrating the eyes: Omega 3 oils naturally l  

lubricate the eyes and are found in flaxseed oil 
and some fish like salmon and sardines.  
Supplements are also available in the form of 
capsules. In symptomatic patients, lubricating 
eye drops may be advised.

Conclusion
This global pandemic has pushed the world to 
embrace digital technology at an unprecedented pace 
and scale. While digital technology comes with its 
benefits in a time like this, it is also important to 
acknowledge the long-term impact it can have in the 
form of various health problems. Healthy device 
habits must be encouraged and more awareness 
should be created about the effects of prolonged 
screen exposure among parents and schools. Thus, 
preventive measures must be followed as the issue of 
prolonged screen time is here to stay.
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Introduction
Retinopathy of Prematuri ty (ROP) is a vision 
threatening disease of preterm babies which was first 
described in 1942.  It was defined as a complex 1

disease of retina involving abnormal proliferation of 
retinal blood vessels in premature infants. Once 
considered to be a virtually untreatable condition, this 
condition can be tackled at the earliest stage with 
proper management guidelines. Neonatal care and 
socioeconomic status of the country play important 
role in deciding the visual outcome in babies suffering 
from this disease. As India is seeing a great deal of 
preterm births and their increased survival rates 
immense increase in the ROP burden is expected in 
near future.
Epidemiology
There have been three distinct periods of “ROP 
epidemics”.  First epidemic was in the early 1950s.  2

Second epidemic occurred in the late 1960s. The third 
epidemic involved middle to low-income countries 
and was first recorded in the 1990s and is still on 
going. India is presently facing the third epidemic of 
ROP. The phenotype of ROP in Asian countries 
affects higher birthweight and higher gestational age 
premature babies. It is estimated that around 14.5 
million children are born premature out of which 
1,84,700 children develop any stage of ROP out of 
which 20,000 suffers blindness or severe visual 
impairment worldwide.  It was reported that around 4

60-65% of premature babies are born in South Asia 
and Africa.  India accounts for 3.5 million preterm 4

births worldwide. According to the United Nations 
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Children's Fund (UNICEF) survey, it was estimated 
that around 21 million newborns were having low 
birth weight (LBW). India is contributing around 1.7 
million cases (weight=<2500 g) and 0.4 million 
(weight=<1500 g), which is third highest incidence 
rate for LBW.5

In high-income countries where most of the babies 
have an access to neonatal care, ROP-associated 
blindness is uncommon. But middle-low income 
countries l ike India, where there is a lack of 
infrastructure and capacity ROP related blindness 
becomes as high as 40% among total cases of 
childhood blindness, and incidence of ROP may vary 
between 38%-51.9%. In India, about 2,00,000 are at 
risk to develop ROP every year considering an 
incidence of preterm births out of which if about 10% 
develops treatable ROP, numbers of newborns 
requiring treatment will be 20,000 every year creating 
India to be among the worst affected countries with 
this disease.6

Pathogenesis
The ROP pathogenesis is multi factorial  where 
developmental, genetic, and environmental factors 
come into play. Vascular development in the 
pathogenesis of ROP is vital. Recently, Flynn et al. 
divided the retinal vascular development into two 
phases.7

Vascul ogenesi s The f i rst  phase of  ret i nal 
development begins around gestational age of 14 
weeks to 21 weeks. Vascular Precursor Cells (VPCs 
from mesenchyme) exit the optic nerve and form the 
four major vessel arcades of the posterior retina 

42



during this phase.
Angiogenesis The second phase involves the 
endothelial cells proliferation and capillary formation 
from the existing blood vessels of first phase.
Usually, by 8 months of gestation, the nasal retina gets 
vascularized and the temporal retina is usually formed 
by around gestational age of 40 weeks. Thus, at birth 
preterm babies have a variable extent of incompletely 
vascularized peripheral retina. After birth, the 
physiological hypoxia present in-utero is decreased, 
and after birth the infant is exposed to hyperoxia. The 
effect of oxygen on the retina on the immature 
vasculature has been described in two stages-
(1) Primary stage- This is vasoconstrictive stage 
occuring due to hyperoxia contributing to delayed 
ret i nal  vascul ari zati on and there i s ref l ex 
vasoconstriction of the capillaries and finally vaso-
obliteration. This in turn leads to the suppression of 
VEGF.
(2) Secondary stage - This is vasoproliferative stage 
which starts with the shifting of the baby from oxygen 
to room air. The avascular retina and the developing 
retinal neurons suffer injury due to hypoxia leading to 
a sudden surge of VEGF into the vitreous cavity. At 
this time, there is rise in  IGF1 levels which facilitates 
the effect of VEGF on the retinal angiogenesis 
resulting in abnormal proliferation of new vessels into 
the vitreous and tortuosity with dilatation of the 
retinal vessels with neovascularisation.
Other than VEGF, the role of Cytokines like tumor 
necrosis factor (TNF- ), interleukin-1  (IL-1 ), and α β β
IL-6 acting as primary initiators of inflammation 
following infection or tissue damage were also 
documented but poorly investigated.8

Many house-keeping genes also contribute to the 
development of the retina and it is suspected that 
genetic predisposition leads to an increased risk of 
devel opment of  ROP. These genes i ncl ude 
angiotensin-converting enzyme (ACE), vascular 
endothelial growth factor (VEGF),  tumor necrosis 
factor (TNF),  endothelial nitric oxide synthase 
(eNOS), familial exudative vitreoretinopathy (FEVR) 
causing genes- FZD4, LRP5, TSPAN12, and NDP 
and variants in complement genes - CFH, CFB, 
FBLN5, CETP and CXCR4.9

Risk Factors
ROP is a multifactorial disease where the prematurity 
itself is the most consistent and major contributing 
risk factor for ROP. 
One of the largest multicentric trial  on ROP, 
Cryotherapy for Retinopathy of  Prematuri ty 
Cooperative Group (CRYO-ROP), reported that for 
every 100 gms increase in birth weight, there is a 27 % 
decrease in the percentage of threshold ROP and also 
gave incidence among different gestation period (28-
29 weeks= 83%; 30-31weeks=60%; 32-33 
weeks=50%).  Various other postnatal factors like 10

use of supplemental oxygen, multiplicity, sepsis, 
apnoea, surfactant therapy, mechanical ventilation, 
neonatal  hyperbi l i rubinemia, patent ductus 
arteriosus, intraventricular hemorrhage, double 
volume exchange transfusion, administration of 
blood products, thrombocytopenia contribute towards 
ROP.1  The weight gain in post-natal life could be a 1-15

predictor for ROP. WINROP (weight, insulin-like 
growth factor, neonatal ROP) study revealed that 
weight gain less than 50% of the birth weight by 6 
weeks of life predicts the development of ROP with 
100% sensitivity and IGF-1 levels at birth had 90% 
sensitivity for ROP prediction.  The use of oxygen, 16

especially in bigger Asian babies has been reported as 
a risk factor for developing Aggressive Posterior ROP 
(APROP) in India. 
The Suppl emental  Therapeuti c Oxygen f or 
Prethreshold Retinopathy of Prematurity (STOP-
ROP) trial 11 has suggested that there was no 
difference in ROP among two groups who were given 
different concentration of oxygen (96%-99% SaO2 vs 
89%-94% SaO2) while the Surfactant, Positive 
Airway Pressure, Pulse Oximetry Randomized Trial 
(SUPPORT) and Benefits of Oxygen Saturation 
Targeting Study II (BOOST II) study reported less 
ROP in 85%-89% SaO2 group as compared to 91%-
95% SaO2 group but with increased mortality rates 
and greater survival rates in 91%-95% SaO2 group.17 

In general consensus is to target oxygen levels greater 
than 90% saturation in order to reduce morbidity rate. 
Combination of one or more of the above reported 
factors maybe be important which requires further 
studies. 
Maternal risk factors - Pre-eclampsia, maternal 
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essential hypertension, diabetes, and antihistaminics 
drug use. All these factors require further studies.   18

In a recent meta-analysis any amount of human milk 
feeding was significantly associated with lower 
incidence of ROP.19

Screening of ROP
ROP screening guidelines has aided in detecting 
newborns who are at risk of developing ROP and 
hel ped i n cl osel y moni tor i ng thei r ret i nal 
development. These guidelines have helped to 
identify the severe form of disease requiring treatment 
and saving children's eyes from the unfavorable 
outcome which may lead to childhood blindness due 
to ROP. The screening guidelines are different in 
di f ferent countries depending upon the ROP 
phenotype. 26,27

In India, it has been observed that approximately 
13.3 % - 22.6% of ROP babies can be missed using the 
American and British screening guidelines.  Hungi 28,29

et al has reported ROP incidence in India up to 57.6% 
in older  and heavier babies than the American 
guidelines for ROP screening.29 

National Neonatology Forum of India gave ROP 
screening guidelines  that are being followed since 30

2010:
a)  Infants born < 34 weeks of gestation and/or 
weighing <1750 g or
b) Heavier (1750-2000 g birth weight) or older babies 
(34– 36week gestation) if they have attending risk 
factors like mechanical ventilation, prolonged oxygen 
therapy, hemodynamic instabi l i ty, or adverse 
respiratory or cardiac disease profile.
Rashtriya Bal  Swasthya Karyakram (RBSK) 
formulated by the Ministry of Health and Family 
Welfare launched in June 2013 is a government 
initiative which has included ROP screening. In order 
to ensure screening of all eligible neonates, emphasis 
is laid on the first screening of ROP by day 30 of life 
irrespective of the gestational age or initial 3- 4 weeks 
after birth. Infants < 28 weeks or < 1200g should be 
screened earlier than this, at 2–3 weeks of age to 
enable early identification and treatment of ROP.
Screening of ROP has to be done by a trained 
ophthalmologist in the presence of peadiatrician 
under pupillary dilatation. The pupils are dilated 

usi ng two drops of  Phenl epher i ne 2.5%, 
Cyclopentolate 0.5% at 20 minutes interval. One must 
not forget to wipe the access drops as these could be 
life threatening to small babies due to absorption by 
the skin. Eye speculum with wire Vectis for globe 
rotation can be used by a beginner. These are also 
required for p[roper documentation of the disease. can 
be used 
Telescreening in  ROP
RetCam –based screening 
Although, in ROP screening indirect ophthalmoscopy 
remains the gold standard, image-based examination 
and screeni ng are gai ni ng popul ari ty. The 
introduction of digital widefield imaging systems has 
made it possible to perform fundus imaging using 
RetCam. This technique gives the dynamic image of 
the retina of the child and facilitates data transfer 
among ophthalmologists and from technicians to 
ophthalmologists for early referral. A set of five 
images of central, extreme nasal, temporal, superior 
and inferior field to visualize as much retina as 
possible is sufficient for telescreening. The use of 130 ْ
field of view lens usually suffices. 
In the Karnataka Internet Assisted Diagnosis of 
Retinopathy of Prematurity (KIDROP) programme 
(www.kidrop.org) i n India, the Neo camera 
(developed in India) was used to train doctors, 
ophthalmic imagers, optometrists, nurses, and 
paramedics, who were appointed not only to image 
but also to analyze the images at the first point of 
contact and it was seen decision making regarding 
treatment and referral had 93% specificity and 96% 
sensitivity. Positive predictive value (PPV) was 
81.5% as compared to ROP experts. SUNDROP 
model reported 93.8% PPV.31 Thus, this recent 
advancement has provided a distinguished gateway 
for mass-telescreening in remote locations.
Classification of ROP
ROP was first classified in 1987 by The International 
Classi f ication of  Retinopathy Of prematuri ty 
(ICROP) to give one common language to the disease. 
The location of the disease was described on the basis 
of the three zones (anteroposterior location) all of 
which were centered around the disc and stages 
(severi ty) dependi ng upon the presence of 
arteriovenous shunt vessels and neovascularisation.  20
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In 2004, The Early Treatment for Retinopathy of 
Prematurity (ETROP) study grouped ROP into Type 1 
and Type 2 ROP.  The study concluded that a wait and 21 

watch approach with weekly or even twice weekly, 
follow-up of Type 2 ROP eyes. These presently 
qualify as referral warranted eyes needing close 
observation. These eyes should be considered for 
treatment on progression to Type 1 ROP which at 
present are also called treatment requiring eyes.    In 22

2005 ICROP study was revised and included the 
aggressive posterior ROP (APROP) to the earlier 
classification.  ROP is divided into zones depending 23

on the location and stage depending on the clinical 
appearance of the disease.24

Zone I - Circle centered on the disc with a radius twice 
the distance from disc to the center of macula. 
Clinically it is recoganized by using +28 Dioptre lens. 
If the rim of the field of view  by +28 D lens touches 
the nasal rim of the optic disc you are visualizing zone 
I of the retina.
Zone II- A doughnut-shaped area extending from the 
nasal edge of zone I to ora serrata nasally and up to the 
anatomic equator temporally. 
Zone III - The outermost residual temporal crescent of 
retina anterior to zone II. To be sure of zone III, one 
must visualize the vessels reaching the nasal ora 
serrata for atleast two clock hours 
The stages of ROP define the clinical appearance of 
the retina at the junction of the vascularized retina and 
the avascular area. There are 5 stages of ROP –
Stage 1- A demarcation line is seen between the 
vascular and avascular retina. It is a thin
structure that lies in the plane of the retina. The vessels 
are dilated and tortuous (Figure1a&b).

Fig.1 : Stage1 ROP 
   (a) Fundus picture     (b) Fluorescein 
      angiography picture

Stage 2 - The demarcation line grows to occupy a 
volume and has a height and width to form

a ridge above the plane of the retina. Arterio-venous 
shunts are seen on FFA.

Fig.2 : Stage 2 ROP 
 (a)  Fundus picture    (b) Fluorescein 
      angiography picture
Stage 3 - Ridge with extraretinal fibrovascular 
proliferation into the vitreous. It may be
continuous or non-continuous and is posterior to the 
ridge. Extraretinal proliferation can be seen as 
fibrovascular tufts on the ridge or as haemorrhagic 
spots on the ridge (Figure 3)

Fig.3 : Stage 3 ROP Fundus picture
Stage 4 – Subtotal retinal detachment (RD)
Subtotal retinal detachment may or may not involve 
fovea and is classified accordingly as shown in Figure 
4 (a) and 4 (b).

Fig. 4 (a) :RD not involving the fovea   
Fig. 4 (b) :RD involving the fovea

Stage 5 - Total retinal detachment which could be of 4 
types: open funnel, closed funnel, closed anterior 
funnel with open posterior funnel or open funnel 
anteriorly and closed funnel posteriorly. 
ETROP  study classified ROP into 22

Type I ROP: Also called high-risk pre-threshold 
disease (Treatment requiring)
a) Zone I, stage 1, 2, or 3 with plus disease
b) Zone I, stage 3 with or without plus disease
c) Zone II, stage 2 or 3 with plus disease
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d) APROP in any Zone
Type II ROP: Known as low-risk pre-threshold 
disease (Referral warranted)
a) Zone I stage 1 or 2 without plus disease
b) Zone II stage 3 without plus disease
Depending upon the vascularity ROP can be divided 
into:27

Pre Plus disease - Posterior pole vascular dilation and 
tortuosity which is more than normal but less than 
plus disease.
Plus disease – Dilatation of posterior veins and 
tortuosity of arterioles in at least two quadrants. The 
arteries show totuousity in the posterior pole however 
in the periphery both arteries and veins show 
tortuosi ty. There i s growing interest i n the 
quantification of the plus disease using Retcam 
images and artificial intelligence.
Aggressive posterior ROP (APROP) - Rapidly 
progressive form of ROP with posterior location, 
severe-pl us di sease, and f l at  i nt raret i nal 
neovascularization. This may progress directly to 
stage 5 ROP if not adequately treated in time as shown 
in Figure 5 (a) & (b).

Fig. 5 (a) : Fundus picture of APROP   
Fig. 5 (b) : FFA in APROP

Threshold ROP was used for treatment in CRYO-ROP 
study. It is defined as zone I or II Stage 3 ROP, having 
five contiguous or eight cumulative clock hours with 
plus disease.
Pre-threshold ROP includes Type 1 ROP (high-risk 
pre-threshold) and Type 2 ROP (low-risk pre-
threshold)
Spontaneously regressed ROP It is defined as 
“ variable changes seen in spontaneously involuted 
ROP depending on the severity of initial disease”.  24

Changes like abnormally branching or telangiectatic 
retinal vessels, pigmentary changes, lattice-l ike 
degeneration, vi treous membranes, local ized 
tractional detachments, and even retinal breaks may 
be present. The posterior pole may show tortuous 

vessels, narrow temporal arcade, disk drag, macular 
heterotropia, and falciform folds.
Atypical and hybrid forms of ROP: These are not 
uncommon in the Indian scenario. Eyes with ROP 
may demonstrate both the flat neovascularization 
seen in APROP as well as the ridge of staged ROP.25 

The presence of plus disease helps in guiding timely 
treatment in these eyes. In some cases, only a few 
vessels arise from the optic disc which does not extend 
beyond the fovea. This form of severe ROP with poor 
vascular development is called posterior zone 1 ROP 
or half zone ROP as shown in Figure 6 (a) & (b).

Fig. 6 (a): Fundus picture in half zone ROP   
Fig. 6 (b) : FFA in half zone ROP 

• Each preterm baby requires repeated visits before 
reaching the stage warranting treatment. Each 
avascular retina needs to be followed up till mature 
retinal vessels are formed ti ll ora serrata, ROP 
develops and regresses or ROP develops and is 
lasered. Only 10% of  screened babies  require 
treatment
Fundus fluorescein angiography  and ROP 
The gold standard of treating and diagnosing ROP 
continues to be indirect ophthalmoscopy. Fundus 
fluorescein angiography helps us in understanding the 
pathogenesis and the course of the disease. Klufas et 
al in his study concluded that the addition of FFA 
images to color fundus photographs resulted in 
significant increase in sensitivity for the diagnosis of 
ROP.32

Lepore et al published an atlas of ?uorescein 
angiographic ?ndings in ROP. FFA was seen to clearly 
de?ne the zone I junction between vascularised and 
non-vascularised retina. The authors also noted the 
different pattern of vessel branching at the junction 
between the vascular and avascular retina (AV 
junction) showing hyperfluorescent cotton wool-like 
or popcorn-like lesions, focally dilated capillaries, 
capillary tuft formation, and rosary bead-like lesion 
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inside vessels of ROP babies.33

Azad et al have demonstrated the safety of RetCam 
assisted FFA in babies with ROP in India. They 
concluded that in addition to being safe intravenous 
FFA can help in early diagnosis, prompt management 
and documentation of complete regression of ROP.  34

Treatment of ROP 
Two large multicentre trials have been the backbone in 
the treatment of ROP which includes the CRYO-ROP  
and ETROP study.22, 24

In CRYO–ROP study, Cryotherapy was used for 
freezing the full thickness of the avascular retina from 
the external ocular surface, done in patients with 
threshold ROP. This trial reported that cryotherapy 
can decrease the unfavorable outcome to 21.8% 
compared to 43% in eyes who are left untreated. With 
the introduction of laser treatment in ROP, both 
cryotherapy and CRYO-ROP guidelines are no longer 
used. Cryotherapy was to be done under general 
anaesthesia and lead to a lot of adnexal reaction.
Laser therapy: Confluent laser spots of the avascular 
retina in ROP is gold standard treatment for ROP. The 
National Eye Institute in 1999 funded the ETROP trial 
where the Laser treatment was given to babies with 
ROP. This proved to be a major help in the treatment of 
zone 1 ROP. According to the ETROP study, ROP 
babies fall ing into High-risk ROP as described 
following were given treatment:
1) Zone 1, Stage  to  ROP with plus disease І Ш
2) Zone 1, Stage III ROP without plus disease 
3) Zone II, Stage I to III ROP with plus disease І
4) Aggressive posterior ROP 
Follow up visits till spontaneous regression of ROP 
required falling under low risk :
1) Zone 1, Stage  to II ROP without plus disease І
2) Zone 1I, Stage I to  III ROP without plus disease 
3) Peripheral avascular retina without any stage of 
ROP
In India, laser therapy of the avascular retina is usually 
done under topical anaesthesia and a sugar pellet may 
be used to facilitate the laser treatment. Follow ups are 
done at least once weekly for zone 1 ROP and one to 
two weeks for Zone II ROP till ROP regresses or 
progresses to treatable ROP.
The study concluded that laser therapy in Type 1 ROP 
could reduce the unfavorable from 15.6% to 9.1%. 

Various studies have reported overall favorable 
outcome in 86-93% for threshold disease and 100% in 
pre-threshold disease treated with diode laser
Anti–VEGF therapy - Introduction of anti-VEGF 
treatment has shifted the trend of treatment for ROP 
towards pharmacotherapy. Giving Intravi treal 
bevacizumab as an initial monotherapy can cause 
regression in 88% cases of type 1 ROP with only 9% 
requiring additional laser treatment and 1% requiring 
additional injection.  Another randomized clinical 35

trial, Bevacizumab Eliminates the Angiogenic Threat 
of ROP (BEAT-ROP) results were compared between 
the anti-VEGF ( bevacizumab- 0.625 mg in 0.025 ml 
used ) group and conventional laser group for treating 
stage 3 + ROP having zone I or  II posterior disease 
and has shown the superiority of anti-VEGF treatment 
over conventional laser therapy for infants for zone I 
but not in zone II disease. The rate of recurrence was 
26% vs 6% between laser and anti-VEGF groups.36 

The role of more and more anti-VEGF agents are 
being investigated as an adjunctive or alternate 
therapy. Ranibizumab 0.2mg was found to be superior 
than laser therapy with fewer unfavorable  ocular 
outcomes in multicentric RAINBOW study.  In one 37

comparative study, the efficacy of intravi treal 
pegaptanib and l aser photocoagulati on was 
investigated and it was seen that 89.7 % of injection 
treated eyes had favorable anatomic outcomes with 
stable regression of ROP as compared to only 60.8 % 
of laser-treated eyes . Recently, one-year outcomes 38

of intravitreal aflibercept injection were evaluated in 
one of prospective nonrandomized interventional 
case series study in 26 eyes with type 1 pre threshold 
ROP and it found that favorable anatomical and visual 
outcome were present in 96% and 80% of eyes 
respectively.  Ranibizumab and bevacizumab have 39

been compared and similar efficacy was found in 
causing regression of ROP.
But numerous studies in the literature have reported 
late recurrence even after pharmacotherapy as anti-
VEGF effects remain for 6 weeks post intravitreal 
injection. Reactivation has been reported even after 3 
years of treatment. It has been now used as primary 
therapy for APROP, Agressive anterior ROP, or poor 
media clarity due to posterior disease to improve 
visual ization for laser treatment or persistent 
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neovascularization, tractional  elements, and 
tractional retinal detachment before surgery which 
occurs following failed laser treatment. 
Surgery - Surgical modalities including scleral 
buckling, lens-sparing vitrectomy, and lensectomy 
with vitrectomy are indicated for Stage 4A, Stage 4 B, 
and Stage 5 ROP depending upon stage, extent, and 
location of the traction. Lens sparing vitrectomy 
(LSV) is the most commonly performed and preferred 
surgery for Stage 4 ROP giving gratifying results.   
Lensectomy with vitrectomy is the surgery for stage 5 
ROP. Best anatomical and functional outcome seen in 
stage 5 ROP are in open funnel configuration. The 
visual outcome for stage 5 is very poor and can lead to 
permanent visual impairment. Various studies in the 
literature have reported anatomical success ranging 
from 84 – 100% after LSV for Stage 4A ROP and 
14.3% - 45.5% in Stage 5 ROP.40

Follow-up - The therapy for ROP goes much beyond 
the management in infancy. Once the baby develops 
ROP, a long term follow-up is required in these babies 
to give them useful vision. These babies have high 
incidence of sequelae like refractive error, strabismus, 
anisometropia, amblyopia, glaucoma, cataract, disc 
and macular drag, retinal breaks, retinal detachment 
etc.
Conclusion 
Retinopathy of prematurity has become a modern 
epidemic that recently emerged as a worldwide health 
problem. Since improvements in neonatal care in 
recent decades, the rise in ROP has been noted 
recently. New operational guidelines have provided a 
more comprehensive approach to managing the 
disease. But still, there is more research is required in 
the field of ROP to decrease the overall financial 
burden on the country.  
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Figure1: Algorithmfor the follow-upandmanagementofretinopathyof prematurity.(Reproducedwith
permissionfrom“Projectoperational guidelines.Preventionof BlindnessfromRetinopathyofPrematurityin
NeonatalCareUnits,https://phfi.org/wp-content/uploads/2019/05/2018-ROP-operational-guidelines.pdf”)

Figure 2: Retinopathyof prematurity screening guidelines. (Reproduced with permission from “Project
operational guidelines. Prevention of Blindness from Retinopathyof Prematurity in Neonatal Care
Units, https://phfi.org/wp-content/uploads/2019/05/2018-ROP-operational-guidelines.pdf”)

Haryana Journal of Ophthalmology Volume XI I I  (No. 1) January, 2021

50

https://phfi.org/wp-content/uploads/2019/05/2018-ROP-operational-guidelines.pdf
https://phfi.org/wp-content/uploads/2019/05/2018-ROP-operational-guidelines.pdf


Figure 3: Retinopathy of prematurity treatment guidelines. (Reproduced with permission from “Project
operational guidelines. Prevention of Blindness from Retinopathy of Prematurity in Neonatal Care
Units, https://phfi.org/wp-content/uploads/2019/05/2018-ROP-operational-guidelines.pdf”)

Figure 4: Ophthalmic evaluation guidelines for preterm infants. (Reproduced with permission from “Project
operational guidelines. Prevention of Blindness from Retinopathy of Prematurity in Neonatal Care
Units, https://phfi.org/wp-content/uploads/2019/05/2018-ROP-operational-guidelines.pdf”)

Figure 5: Ocular and cortical morbidity in preterm infants – follow-up evaluation guidelines. (Reproduced with
permission from “Project operational guidelines. Prevention of Blindness from Retinopathy of Prematurity in
Neonatal Care Units, https://phfi.org/wp-content/uploads/2019/05/2018-ROP-operational-guidelines.pdf”)
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Introduction
Exfoliation syndrome (XFS), previously known as 
pseudoexfol iation syndrome, is an age-related 
disease characterized by the production and 
progressive accumulation of a fibrillar extracellular 
material in ocular tissues throughout the anterior 
segment l ike lens, ci l iary body, zonules, i ris, 
trabecular meshwork, corneal  endothel i um, 
conjunctiva and orbital structures. It is now known to 
be a systemic disease  related in part to genetic and 1,2

environmental factors with close associations with 
systemic pathology, including cardiovascular and 
cerebrovascular diseases . 3

Pathophysiology
Exfoliation syndrome an ocular manifestation of a 
systemic disease. Defects in elastin metabolism has 
been proposed to be responsible for the synthesis of 
exfoliative material since association with specific 
mutations of the lysyl oxidase-like protein 1(LOXL1) 
gene, which is important in elastin metabolism, is 
strongly associated with XFS and exfol iation 
glaucoma(XFG). Histochemical ly, exfol iative 
material is made of glycoconjugates surrounding a 
protein core. The origin of exfoliative material is 
unclear; however, evidence suggests emergence from 
intraocular cells (trabecular and corneal endothelium, 
ciliary and lens epithelium and iris) and extraocular 
cells (fibrocytes, vascular and muscle)                                                                                                                             4.

Ocular pathology associated with XFS includes 
peripupi l lary i ri s depigmentation, trabecular 
meshwork hyperpigmentation (an early feature), 

Exfoliation syndrome

secondary open-angle and/or angle-cl osure 
glaucoma, cataract, lens subluxation, corneal 
endothelial compromise and central retinal vein 
occlusion . 5

Clinical Features
XFS is three times more common in females than 
males . This condition rarely occurs before 50 years of 6

age and the incidence increases steadily with age. 
XFS typically presents unilaterally. The fellow eye 
develops signs of exfoliation in more than 40% of 
cases, but exfoliation material can almost always be 
demonstrated in fellow eyes on electron microscopy 
and conjunctival biopsy .7

Lens The most commonly recognized feature is the 3-
ring sign on the anterior lens capsule, formed by a 
central disc, a peripheral ring, and a clear zone, in 
between(Figure 1). 

Fig. 1 : Image of exfoliation material on the lens capsule, 
demonstrating classic findings of central disc, lucid 

interval (arrowhead) and peripheral band.

The clear zone varies in diameter and may exhibit 
curled edges. The central disc measures 1-2.5 mm in 
diameter and has well-demarcated borders. The 
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peripheral ring typically is seen after pupillary 
dilation. Its size is variable, and its inner border has 
many radial striations. The translucent zone most 
likely is created by the physiologic rubbing of the 
posterior surface of the iris against the lens. 
I r is Fine flaky white material can be seen on the 
pupillary border of the iris without dilation(Figure 2).

Fig. 2 : XFM on pupillary border. Photograph courtesy 
of Dr Robert Ritch, MD. XFS, exfoliation syndrome.

Physiological rubbing of iris against the lens scrapes 
the pseudo exfoliative material from the surface of the 
lens. This scraping results in a secondary pigmentary 
dispersion syndrome, with a loss of melanin from the 
iris pigment epithelium at the pupillary margin 
adopting a sawtooth-like morphology. Peripupillary 
iris atrophy is a common and distinctive finding. It is 
best visualized using infrared transillum ination-  
(Figure 3). 

Fig. 3 : Typical diffuse iris sphincter region 
transillumination.  Photograph courtesy of Dr Robert 

Ritch, MD. XFS, exfoliation syndrome.

Pupil Eyes with XFS often dilate poorly . Eyes with 8

XFS may also constrict less well to topical 4% 
pilocarpine . Even without mydriatics, the pupil in the 9

involved eye may be smaller . Pigment dispersion in 10

the anterior chamber is common after pupillary 
dilation and may be profuse causing marked IOP 
elevation .11

Cor nea Scattered f lakes of  pseudoexfol iative 
material may be observed on the endothelial surface 

of the cornea. A greater than normal frequency of 
cornea guttata in eyes with XFS has been suggested .12

Z onu l es and  C i l i ar y  Body  Ex f ol i at i on 
material(XFM) may be detected earliest on the ciliary 
processes and zonules and this creates a tendency to 
spontaneous subluxation or dislocation of the 
crystalline lens in advanced cases.
Anter ior  Chamber  Angle Gonioscopy shows a 
discontinuous pigmentation of  the trabecular 
meshwork, pigment characteristically is deposited on 
the Schwalbe line or anterior to the Schwalbe line (the 
Sampaolesi line)(Figure 4). 

Fig. 4 : Goniophotograph of an angle of an eye 
with XFS demonstrating variegated (irregular) 

pigment. There is also a meandering line anterior 
to the meshwork in the peripheral cornea termed 
'Sampaolesi's line'. This feature is also commonly 

seen in XFS, particularly in the inferior angle; 
however, it is non-specific for the condition. 

Photograph courtesy of Dr Robert Ritch, 
MD. XFS, exfoliation syndrome.

A high incidence of narrow or occludable angles in 
eyes with pseudoexfol iation has been reported, 
sometimes with peripheral anterior synechiae. 
Vitreous After cataract extraction, XFM may be 
found on the vitreous face or on vitreous strands when 
the face is ruptured, on the posterior capsule and on 
IOLs indicating that the presence of the lens is 
unnecessary for its continued formation.
Glaucoma in Exfoliation Syndrome
Glaucoma is a secondary event. Exfoliation syndrome 
itself does not cause optic nerve damage. Glaucoma 
occurs more commonly in eyes with XFS than in 
those without it, about six times more . Glaucoma in 13

XFS has a more serious clinical course and worse 
prognosis than POAG. There is a significantly higher 
frequency and severity of optic nerve damage at the 
time of diagnosis, worse visual field damage, higher 
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baseline IOP, greater diurnal fluctuation of IOP, 
poorer response to medications, more severe clinical 
course, more rapid progression, and more frequent 
necessity for surgical intervention . Exfol iative 7

glaucoma undergoes periods of exacerbations and 
remissions and appropriate management. 
Mechanism of Open Angle Glaucoma
Blockage of the trabecular spaces by XFM promotes 
accumulation of pigment and cellular debris in the 
juxtacanalicular tissue, which causes obstruction of 
the aqueous channels and l imits access to the 
Schlemm canal that leads to narrowing of the canal 
lumen, col lapse of i ts walls, disruption of i ts 
endothelium, and partial obliteration. 
Mechanism of Angle Closure Glaucoma
Zonular laxity allows forward movement of the lens, 
causing decreased anterior chamber depth and 
pupillary or angle closure glaucoma. 
Nuclear cataract is often more frequently found in 
eyes with XFS than in eyes without it . Patients with 14  
XFS are much more prone to having complications at 
the time of cataract extraction . Pupillary diameter 7

and zonular fragility (and/or phacodonesis) have been 
suggested as the most important risk factors for 
capsular rupture, zonular dehiscence and vitreous 
loss(5-10 times more common)  and should serve as 15,16

a warning sign to the surgeon.
Posterior capsular opacification is more in eyes with 
XFS compared to those wi thout XFS . Late 17

postoperative decentration of IOLs and capsular bags 
was reported to be significantly higher in eyes with 
XFS and was also related to zonular weakness . 18

Capsule contraction syndrome is particularly 
common in eyes with XFS, particularly i f the 
capsulorrhexis is smal l , and can lead to IOL 
displacement .19

Work Up
History- Patients may be asymptomatic, or they may 
complain of decreased visual acuity secondary to 
cataract or glaucomatous visual field changes.
Slit lamp examination- Pseudo exfoliation syndrome 
is diagnosed clinically by slit lamp examination with 
an 85% sensitivity rate and a 100% specificity rate . 20

In an undilated eye, pupillary border may show XFM 
with peripupillary iris transillumination defects. On 
dilated examination, characteristic 3 ring sign on the 
anterior lens capsule may be seen. Presence of 

glaucomatous disc damage wi l l  indicate XFL 
glaucoma.
Gonioscopy shows a discontinuous pigmentation 
characteristically on the schwalbe's line or anterior to 
it (sampaolesi line).
Investigations- Preoperative assessment prior to 
cataract  ex t ract i on i ncl udes U l t rasound 
Biomicroscopy to diagnose any zonular laxity or lens 
subluxation. Specular microscopy can be done to 
ascertain reduced endothel ial  cel l  densi ty or 
morphologic changes in size and shape of the 
endothelial cells .21

In pseudoexfoliative glaucoma, Visual Fields are 
confirmatory of any glaucomatous disc damage. The 
glaucomatous disc changes and visual fields defect 
pattern is the same as in POAG. Various imaging 
technologies like Optical coherence tomography 
(OCT) and confocal scanning laser ophthalmoscope 
(Heidelberg retina tomograph [HRT]) are also being 
used to document and monitor changes due to 
glaucomatous damage in the optic disc and the retinal 
nerve fiber layer. These imaging techniques are 
similar to that in POAG. Anterior Segment OCT can 
suggest presence of any synecial angle closure or 
reduced depth of the anterior chamber.
Differential Diagnosis
Pigmentary glaucoma: characteristic signs are 
K rukenberg spi ndl e, mi d per i pheral  i r i s 
transillumination defects and homogenously darkly 
pigmented trabecular meshwork/sampolesi line. It is 
common in young males with myopia.
Uveitis: Photophobia is a common symptom. In both 
exfoliative and uveitic glaucomas, corneal endothelial 
deposits are common. The raggered peripheral 
anterior synechiae of some inflammatory glaucomas 
in not seen in exfoliative glaucoma however angle 
closure due to narrow angles in not very uncommon in 
exfoliative glaucoma.
Capsular delamination/True exfoliation: Trauma, 
exposure to intense heat(glass blowers), or severe 
uveitis can cause peeling off of a thin membrane of 
anterior lens capsule.
Pr imary amyloidosis
l  Primary open angle glaucoma
l  Fuchs heterochromic uveitis
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Treatment of Exfoliative Glaucoma
Medical Management
Glaucoma associated with XFS tends to respond less 
well to medical therapy than does POAG .22

Prostaglandins are effective in XFL glaucoma 
because they facilitate trabecular outflow directly and 
also by having an inhibitory action on matrix 
metalloproteinases and reducing the formation of 
exfoliative fibrils .23  Latanoprost is associated with a 
narrower range of diurnal IOP fluctuation .27

XFG was reported to respond less favorably to timolol 
therapy than eyes with COAG , but some studies 24

suggest an equal or greater  ocular hypotensive 25 26

response.
Dorzolamide is almost as effective as timolol and also 
is additive with it . 28

Cholinergic agents are effective and probably have a 
greater additive effect with beta-blockers in XFS than 
COAG . 29

Aqueous suppressants by decreasing aqueous 
secretion, result in decreased aqueous flow through 
the trabecular meshwork. Reduced perfusion results 
in failure of the meshwork to survive . Continued 30

administration of oral acetazolamide produces a 
reduction in outflow facility and an elevation of IOP to 
greater than baseline after discontinuation .31

Theoretically, miotics should be the first line of 
treatment. However, frequent presence of nuclear 
sclerosis in such patients, chance of development of 
posterior synechiae and tendency to cause pigment 
release with miotics make them less popular .32

Lasers
Laser trabeculoplasty is particularly effective in XFL 
glaucoma owing to the relatively pigmented angles 
however the amount of IOP reduction is modest and 
long-term success drops to approximately 35–55% at 
3–6 years lso, eyes with XFS may have a greater 33-36. A
post-laser inflammatory reaction than eyes without . 37

 Selective laser trabeculoplasty (SLT) has been shown 
to be equivalent to Argon laser trabeculoplasty in 
terms of lowering IOP . The theoretical advantage 38,39

of SLT is that SLT is a repeatable procedure because it 
does not produce thermal damage to the trabecular 
meshwork. 
Laser iridotomy is the procedure of choice for angle-
closure glaucoma. Angle-closure glaucoma caused by 

anterior lens movement or subluxation may also 
requi re argon laser peripheral  i ridoplasty to 
mechanically pull the iris away from the trabecular 
meshwork .40

Surgery
If IOP remains uncontrolled following medical and/or 
laser treatment, surgical management is warranted. 
Trabeculectomy has similar efficacy and safety 
outcomes in XFG as in POAG .41

Glaucoma drainage device implantation is also an 
option, especially in eyes with previous conjunctival 
manipulation .42,43

Trabeculotomy as well as trabecular aspiration (TA) 
have been shown to be effective in the management of 
XFG . TA aims to improve trabecular outflow by 44,45

removing pigment and exfol iative material . 46

Tr abecu l ar  asp i r at i on  combi ned w i t h 
phacoemulsification is more effective than cataract 
surgery alone in reducing postoperative IOP and the 
necessity for antiglaucoma medication  but not as 47

effective as phaco-trabeculectomy .48

 There is some support for the use of Trabectome as 
well as the use of iStent, but prospective studies with 
longer fol low-up are needed before one can 
recommend widespread use of these and possibly 
other microinvasive glaucoma surgical approaches 
49,50. 
Deep sclerectomy has been proposed in XFG, and one 
study found that patients with XFG had significantly 
higher success following deep sclerectomy with an 
implant compared with patients with POAG .51

The role of endoscopic cyclophotocoagulation (ECP) 
i n XFG i s minimal  as exfol i ati on materi al 
accumulates on the ciliary body and zonules, and high 
laser energy can result in rupture of ciliary processes 
with significant inadvertent haemorrhage . 52

Taken together, non-medical management of XFG is 
guided by mechanism, stage of glaucoma, degree of 
IOP elevation, ocular and systemic factors and patient 
and care provider preferences. 
Cataract extraction in Exfoliation Syndrome
It is recommended not to delay cataract surgery. 
Moreover, a significant IOP-lowering effect has been 
found following cataract surgery in patients with 
PXF . Plausible theories for this include: washing out 53  
of fibri l lar material  from the angle, structural 
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alterations such as deepening of anterior chamber 
angle, decrease in i rido-lenticular contact and 
inflammation leading to better aqueous outflow 
(trabeculoplasty-like effect). 
Conclusion
Key recommendations to prevent complications 
during cataract extraction are summarised in box the 
below.

XFS patients have approximately a 40% chance of 
developing ocular hypertension or glaucoma within 
10 years, a risk approximately a tenfold higher than 
that found in the general population58 hence they 
should have annual checkups for early detection of 
glaucoma. Exfoliative glaucoma patients should also 
be more frequently followed up than POAG patients 
as progression can occur more rapidly. 
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Pearls for Safer Cataract Surgery 54-57

Capsulorhexis ? Large enough to enable nucleus to prolapse into the anterior chamber as
needed in order to reduce strain on zonules.

Hydrodissection ? Occasionally tap on centre of nucleus to decompress fluid pressure on weak
posterior capsule.
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PCIOL? Posterior chamber intraocular lens is generally well tolerated.

Postop ? Potential for fibrinoid reaction postoperatively due to weak blood–aqueous barrier.
Postop management should include aggressive anti-inflammatory treatment with steroids and
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Introduction
As per the International Statistical Classification of 
Diseases and Related Health problems (ICD-10) 
published by World Health Organization (WHO), 
visual disturbance and blindness is classified as H53-
54.9. Low Vision (Visual impairment Categories 1 & 
2) is defined as “A person with low vision is one who 
has impairment of visual functioning even after 
treatment, and/ or standard refractive correction, and 
has a visual acuity of less than 6/18 to light perception 
or a visual field of less than 10 degrees from the point 
of fixation, but who uses, or is potentially able to use, 
vision for the planning and/or execution of a task  for 
which vision is essential”.  Bl indness (Visual 1

impairment Categories 3, 4 & 5) is defined as visual 
acuity of less than 3/60 or a corresponding visual field 
loss of less than 10 degrees in the better eye with best 
possible correction. The term visual impairment 
includes both blindness as well as low vision.2

Visual impairment is a pressing public health 
challenge, with blindness being one of the most 
common disabil ities world wide.  Globally, the 3

number of people of all ages visually impaired is 
estimated to be 285 million, of whom 19 million are 
children.  The burden of childhood blindness may not 4

seem to be large in number, but it is the second largest 
cause of blind-person years worldwide (following 
cataract  
Lack of awareness  among eye care practitioners 
about low vision management remains a  barrier in the 
use of low vision.  Thus, in the wake of the changing 7-11

trends in the management for low vision, we discuss 
about the current management options for low vision 
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Low ision idsv a

in this review.  Quality of life is reduced in low vision 
persons. Thus, the purpose of  l ow-vi si on 
rehabilitation is to improve quality of life with 
increasing social interaction by  optical/non-optical 
devices.
Low Vision Aids 
An optical/non-optical device that improves or 
enhances residual vision by magnifying the image of 
the object at the retinal level. Rehabilitation depends 
to the type of visual loss and also on individual's 
choice or expectations. Reading has been identified as 
the most common problem in patients with low 
vision.  Improvement in reading for distance as well 12

as for near has been reported using optical aids in 
several studies.13

Indications for low vision aids
 • Chi l dren : A l bi ni sm, ROP, Congeni tal 
  malformation ,Optic neuropathy.
 • Young adult :    Keratoconus,  Ocular injuries,  
    Late manifestation of congenital malformation.
 • Old age : Glaucoma,  ARMD , Diabetic 

maculopathy, Macular degeneration ,Retinal 
degeneration, Chorioretinitis, Optic atrophy, 
Myopic degeneration.

Types of Devices 
1.Optical   2.Non-optical
Basic principle of LVA -Optical LVAs are based on the 
fact that with sufficient magnification, the normal 
retina surrounding the damaged central retina can be 
used for central vision.
Optical LVA :
  l Magnifying spectacles 
 l   Hand magnifiers 
 l   Stand magnifiers 
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 l   Telescopes  
 l   Other optical devices
Magnifying Spectacles
Magnification by a convex lens is obtained by 
bringing the object within it•s focal length  An erect, .
virtual and magnified image is produced. High plus 
lens is used to magnify the images (Figure 1).
 Magnification is 1/4th the power of the lens.  l  
 Suited for near and intermediate distance. l  
 Mono-ocular or binocular  l  

Fig. 1: Magnifying spectacles
Instructions for use  -  Patient should be instructed to 
hold the material very close and then move it out and 
scan the lines one by one. Light must be properly 
adjusted. 
Advantages  
 l  Cosmetically acceptable.  
 l  More comfortable and easy to use.
 l  Both hands are free to hold the reading 
  material.
 l  Field of vision is large. 
 l  Simultaneous both near and distance vision.
Disadvantages
 Spherical aberration.l  
 Higher the power, closer the reading distance.l  
 Close reading distance causes fatigue and l  
 unacceptable posture. 
 Patients with eccentric fixation are unable to l  
  fix through these.       
  Illumination probleml .  
Hand magnifiers
  Indicated for spot or short-time tasks in l

  patient with field of vision reduced to 10  
  degrees or more.
  Used for near vision (Figure2).l

   Available from + 4.0 to + 40 Dl

Fig .2: Handheld Magnifiers

Instructions for use - The patient should be shown 
how to put the magnifier flat on the reading surface to 
begin with and raise it until the image is clear and 
distorted.
Advantages
 Working distance is more.l  
 Accommodation is not required. l  
 Easy to manipulate for viewing eccentrically.l  
 Some have l ight source which further l  
 enhances vision.
 Disadvantages 
 It occupies both hands.l  
 Not useful in absence of manual dexterity.l  
 Field of vision is limited as compared to l  
 spectacles. 
 Need to be held at the correct distance.l  
Stand magnifiers
It forms a virtual image a short distance behind the 
lens. The patient needs to place the stand magnifier on 
the reading material and move across
the page to read. has a fixed focus (Figure 3). It 

Fig.3: Stand Magnifiers
Instructions for use - Patient should be taught to place 
the stand magnifier flat on the reading material, and 
look at the image through reading glasses or bifocals 
to converge the divergent rays coming from the 
magnifier lens. Because of the reduced aperture of 
these magnifiers the eye must be closer to lens surface 
to obtain the full width of the reading field.  
Advantages 
  l Technically simple.
  l They are a choice for patients with tremors, 

arthritis and constricted  visual fields.
 Disadvantage
  l Small field of vision.
  l Too close reading posture is uncomfortable 

for the patient.
  l Difficult to use if the surface is not flat .14

Bar magnifiers
 l  Contains plano - cylindrical lens.
 l  Magnifies the height of the letter which 
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becomes readable. Lies flat on the page, 
elongates the letter but don't separate them, 
magnifies in the vertical meridian only(Figure 
4).

 l  Person with small central field who needs 
minimum magnification are benefitted. 

 l  Available in low magnification power only.
 l  Power range 2 to 3.5 D. 

Fig. 4: Bar Magnifiers
Telescope   
They magnify the apparent size of distant objects, 
making them appear closer to the patient. The 
magnification ranges from 2x to 10x. The patient has 
to spot the object he wishes to see and then brings the 
telescope in front of the eye. The optics of the 
telescopic systems is based on two basic principles- 
Galilean or Keplerian. It could be hand-held, Clip-
on/spectacle-mounted or abioptic design.  
Uses
  l Reading from a blackboard (distance > 2m).
  l Finding an entrance to a building. 
  l Watching games, television. 
  l Reading traffic signals, street signs, bus 

numbers. 
Advantages
  l One of the most popular device to enhance 

distance vision. 
  l Can be used in classroom for blackboard 

reading or outdoors. 
Disadvantages
 Major drawback is the restriction in the field l  

of view.
 Focusi ng r equi r es good hand- ey e l  

coordination. 
Bioptic telescope 
It magnifying up to six times, which can be embedded 
into the spectacle glass. It allows the wearers to switch 
their sight between their regular vision and the 
magnified vision of the device by just a slight tilt of 
the head, similar to how one uses bifocal spectacles. 
Several  recent studies have highl i ghted the 
effectiveness of bioptics for driving among the 

visually impaired patients. However, the evidence 
regarding the safety and efficacy of bioptic driving is 
still unclear, and laws surrounding it are ambiguous. 
Bioptic telescope  use is legalised conditionally in 
some provinces in United States, Canada and The 
Netherlands.14

Other  optical devices
Absorptive lenses - reduce glare and dark adaptation 
time(Figure5).

                          Fig. 5: Absorptive Lenses
Tinted lenses-Low absorptive high transmission are 
best for constant use Photochromatic lenses- Use for 
light sensitive person.15

Filters – Contrast can be enhanced by using spectacles 
with yellow and amber filters.
Polarization- Reduces glare.
Visual field enhancement devices
  l  Fresnel prism - retinitis pigmentosa.
  Hemianopic mirrors.
 l  Central scotomas and eccentric viewing -

prism incorporated into reading glasses by 
diverting the light.

Non-optical devices  
 Approach magnificationl  

  l  Lighting 
  l  Contrast enhancement 
  l  Increased size object 
  l  Electronic magnifiers (CCTV, LVIS, V-max) 
  l  Writing and communication devices 
  l  Orientation and mobility LVAs
Approach magnification
 Partially sighted patients should be encouraged to 

move as close as possible to the object(Figure 
6).

Fig. 6: Approach Magnification
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I llumination
Positioning 
 l   To the side of better eye. 
 l   Moving light closer.
Higher levels of illumination is required :  macular 
degeneration Glaucoma Diabetic retinopathy  
Retinitis pigmentosa  Chorioretinitis.
Reduced illumination required 
 l  Albinism. 
 l   Aniridia.
Contrast Enhancement 
 l  Using a typoscope
 l  Contrast modification of visual environment

Fig. 7: Contrast Enhancement
Relative size devices
Large print material , Enlarged clocks, telephones,  
Calendars, computer keyboards  Large type playing 
cards (Figure 8)

Fig 8: Relative size devices
 l  Electronic magnifiers
 l  Close-circuit television 
 l  Desktop CCTV with enhanced features 

(autofocus, speech commands, flat screens, 
text manipulations). 

 l  Handheld cameras/portable devices. 
 l  Head mounted systems where camera and 

LCD displays are combined in a single unit.
Advantages
 l  Higher magnification up to 70x. 
 l  Binocularity. 
 l  Patient can si t at comfortable reading 

distance. 
 l  Hands are free for writing, etc. 
Disadvantages 
 l  Expensive. 
 l  Need more training and practice. 

Computer  Education Software 
 l  JAWS screen Reading software: It converts a 

normal personal computer into a talking 
computer so that one can learn to operate the 
computer independently. 

 l  Connect out load internet and e-mail software: 
Access to internet through speech and braille 
output. 

 l  MAGic 8.0 screen magnification system with 
Speech: It has a magnification range of 2x to 
16x and it also reads the information aloud.

Portable Electronic Low-Vision Aids 
Interest is increasing among the patients and the 
physicians in portable electronic low-vision aids. 
Some of these devices are Optelec Compact+, 
Optelec Compact 4HD, Schweizere Mag43, and 
Eschenbach Mobilux Digital, Aumed –EYE-C. 
One portable artificial vision device (OrCam) is an 
optical character recognition device, capable of 
recognizing text, monetary denominations, faces, and 
can be programmed to recognize other objects. It 
consists of a miniature camera and an earpiece that 
can be mounted on the spectacle frame. When 
activated OrCam can click pictures and even read 
aloud any text found on the pictures that can be heard 
by the user via the earpiece.(16) The Or Cam was 
recently made commercially available in the United 
States and its usefulness has been elucidated in a 
recent study.   17

Smart Phone/ Tablet/ Electronic Readers     
With a widely available internet access, internet-
ready devices like smart phones and tablets are being 
commonly used worldwide and off late are being 
increasingly used as visual aids. These devices are 
incorporated with features of image enlargement, 
high contrast screens, invert colors and bespoke apps. 
The textural characteristics like font size, format, 
word spacing, l ine spacing, color can also be 
manipulated. Several recent studies have shown that 
with proper training these devices can be a valuable 
tool for low vision patients especially as a reading aid. 
Another exciting ongoing development is the Google 
glass technology and research is on way for its use in 
cases of visually impaired. 
Mobile fr iendly low vision apps
Claria Zoom- Easy to see interface for the visually 
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impaired. Such as - big characters and color themes
Low Vision Clear Sight - Multi-featured application 
for low vision having options to view enlarged 
contacts, camera, calculator, clock and GPS with bold 
color themes
Eye – D-  For visually impaired it is intelligence based 
smart phone assistant app. It helps user to be location 
aware, explore and navigate to nearby places of 
interest. 
Zoom Plus Video magnifier - It enlarges text and 
allows changing colors and contrast of the text and 
background like video magnifier. 
Macular Society, Low Vision keypad free, blind and 
senior music player etc. are few more which can be 
used.
Mobility assisting devices
Patients with low vision suffer a major problem of 
mobility and following devices can be useful 
l  lL      ong canes Strong portable lights

Life skill devices-
 l  Pre-set insulin syringe: the patient feels the 

pre-set level notes and knows how much to 
inject even if he is not able to see the markings.

 l  Notex: scientifically accepted device for 
currency identification 

 l  Needle threader: it helps in easy threading. 
 l  Talking clock and watches: these are readily 

available in the market at low cost. They have 
raised buttons with speech output option

Why to prescr ibe 
The prescription of low vision devices gives the 
person-
 l  Independence.
 l  Increase adaptation to the daily activities 

material. 
 l  Exposure to enriching experinces.
 l  I t consti tutes an important factor for 

socioeconomic and cultural integration.
How to prescr ib  e
A careful clinical history is important to setting goals 
based on real expectations. A person who participates 
in selecting the aid is more likely to learn how to 
handle it.
 l  Determine the best corrected VA for near/ 

distance.
 l  Determine the visual acuity that the patient 

requires. 

 l  Calculate the magnification needed to achieve 
the goals

Select the aid according to the characteristics of the 
device : the needs , goals, and clinical aspects of the 
patient. 
To achieve better acceptance of any aid , consider the 
person needs, goals and ability to handle the aid, as 
well as the weight, cost, and timing of prescription. It 
is important for the person to be comfortable with the 
aid proposed.
For reading activities, besides achieving vision for 
certain size of optotype, the child should be evaluated 
for reading. In the presence of eccentric fixation or 
difficulties with proposed aid, training should precede 
prescription. 
Each category of visual device has its advantages and 
disadvantages. In low vision daily practice, it is 
common for a child to have more than one aid.
The patient should be monitored frequently to evaluate the 
effective use of the aid prescribed and difficulties presented 
in daily activities and to set up more advanced goals. 
When to prescr ibe 
Optical aids for near vision are introduced when the 
reduction of the distance between the object and the 
eye does not allow the necessary range or when the 
accommodative effort is too large.
 At school age, with VA up to 20/ 200, reducing the 
di stance between the object and the eye i s 
recommended until the second grade. From this stage, 
a stand magnifier or a hand magnifier can be used for 
reading small – print books such as dictionaries. 
For VA less than 20/200 (0.1 log Mar), optical aids 
should be prescribed earlier if the VA is less than 
20/400 and central scotoma greater than 30 degree, a 
video magnifier is indicated.
For VA equal to or less than 20/800 aids such as 
Brail le and computer sound system should be 
included, with or without other resources. Orientation 
and mobility technique should be encouraged at all 
low vision level.
When a telescope is first prescribed, a manual, 
monocular telescope with lower magnification is 
recommended. The telescope can be prescribed for 
reading blackboards, and later to use constantly at far. 
It is important to let the child experiment with the 
telescope in different situations. 
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Introduction
The term crosslinking (CXL) is used to express the 
formation of chemical bridges. It can be formed by 
chemical reactions initiated by heat, pressure, or 
radiation, resulting in change of the physical 
properties of the cross-linked material. Corneal cross 
linking is also known as C3R or CXL or CCL.C3R. It 
is a new approach to increase the mechanical and 
chemical stabil i ty of corneal tissue. It uti l izes 
riboflavin as a photosensitizer and UVA to increase 
the formation of intra and interfibrillar covalent bonds 
by photosensitized oxidation.1 

In vitro studies have shown that the cornea absorbs 
approximately 30% of UVA light with an additional 
50% of UVA absorption occurring in the lens.1 UVA 
absorption can be considerably increased using 
Riboflavin. With 0.1% riboflavin and an irradiance of                  
3 mW/cm2 of UVA, almost 95% of UVA light will be 
absorbed within the cornea reducing irradiance to 
0.15 mW/cm2 (at the endothelial level), which is well 
below 0.36 mW/cm2, the threshold considered 
cytotoxic for the endothelium.2-4

The irradiation levels may still exceed the threshold 
leading to keratocyte apoptosis in the anterior stromal 
layer and a demarcation line between the treated and 
untreated cornea.2-5

Caporossi et al6 performed confocal microscopy 
analysis in humans after X-linking in vivo. They 
detected the effective depth of  treatment by 
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identifying distinct vertical and lateral transition areas 
at a depth of 270 to 330 . The anterior stroma µm
showed oedema with only a few keratocyte nuclei and 
poor reflectivity and the posterior stroma showed 
regul ar keratocyte populati on wi th normal 
reflectivity.
CXL changes the intrinsic biomechanical properties 
of  cornea, increasing i ts strength by almost 
300%.CXL is a non-surgical procedure and it is only 
known procedure that is proven to halt the progression 
of the keratoconus.
Biochemistry of C3R
The UVA 365nm irradiates the riboflavin molecules 
causing them to lose their internal chemical balance 
and produce oxygen free radicals. The riboflavin 
molecule is unstable, it can be stabilised by linking it 
to two collagen fibrils leading to formation of crossed 
bridge between the collagen fibrils, producing a 
general strengthening of the cornea. 
Technique 
Photo polymerization using UV-A is activated by a 
photosensitizer (riboflavin) and a wavelength (U 
V-A) which is deeply absorbed enough to protect 
deeper layers of the eye.
Riboflavin has two important functions in this 
technique; absorption of UV-A radiation and acts as a 
photo-sensitizer, leading to generation of reactive 
oxygen species.
Riboflavin and UV-A L ight



Riboflavin, a naturally occurring photosensitizer is 
also known as Vitamin B2, a precursor of Flavin 
mononucleotide (FMN). UV-A has deleterious effect 
on the ocular structures but with the use of riboflavin 
as photosensitising agent, transmission rate of UV-A 
is only 7% across the cornea, limiting the UV-A 
irradiance of the lens and retina.
Physiology of collagen corneal cross linking
In this procedure, riboflavin eye drops are applied to 
cornea which is then activated by UV light. Riboflavin 
is exited into its triplet state generating reactive 
oxygen species (ROS) by using UVA at 365nm. 
Reactive oxygen species is mainly singlet oxygen and 
to a much less degree superoxide anion radicals; 
which further react with various molecule including 
chemical covalent bonds bridging amino group 
collagen fibrils. Because of the absorption maximum 7  
of riboflavin at 365 nm, this wavelength was specially 
chosen for the treatment with UV light. This achieves 
90% absorption of the UV light in a 400  thick de-µm
epithelialized cornea without endangering the lens or 
the cornea. It is caused by an increase in collagen fibre 
diameter due to interfibri l lar and intrafibri l lar 
covalent bonds by photosensitised oxidation cross-
linking. The cornea becomes more compact due to 
cross linking and are more resistant to biochemical 
deformation or ectasia.
Exclusion cr iter ia
l  Corneal thickness less than 400µm at the thinnest 

position.
l  Active ocular disease.
l  Herpes keratitis.
l  Diabetes.
l  Pregnancy.
l  Previous ocular surgery other than laser refractive 

surgery.
l  Immunocompromised patients.
l  Patients with known sensitivity.
Clinical indications for  CL-UVR treatment
1. Progressive keratoconus  

Fig.1  Picture showing conical protrusion :

Keratoconus i s a corneal  non-inf l ammatory 
degeneration. It is characterized by bilateral conical 
protrusion and thinning (Figure1). It commonly 
occurs in the second decade of life. Differences 
between normal and keratoconic corneas is seen in 
biochemical and immunohistochemical studies of the 
proteoglycans in the matrix. With CXL, covalent 
binding occurs between collagen molecules leads to 
stabilization of the collagen scaffolds and changing of 
several tissue properties.8

2. Iatrogenic post refractive keractasia (post Lasik 
ectasia) 

Fig.2 : Picture showing corneal ectasia
Keractasia characterized by a progressive corneal 
steepening, can occur centrally or inferiorly and can 
be associated with severe refractive changes, loss of 
BCVA, with stromal thinning of the cornea (Figure2). 
CXL should be considered for patients with post 
LASIK progressing ectasia to strengthen artificially 
weakened corneal stroma and stabilize the cornea.9

3 Pellucid marginal degeneration. 

Fig.3  Picture showing corneal thinning in pellucid  :
marginal degeneration

It is a rare ectatic disorder that typically affects the 
inferior peripheral cornea in a crescentic fashion, 
mostly in males, between the second and fifth decades 
of life (Figure3). It has been observed that patients 
with PMD have large amounts of against-the-rule 
astigmatism, making it difficult to fit in contact lenses 
than in patients with keratoconus.10,11
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4. Infectious keratitis and the melting process 

Fig.4 : Picture showing corneal melting
CXL treats corneal melts (Figure4) or infectious 
keratitis by strengthening of collagenolytic cornea 
because of cross linking and elimination of the 
infectious agent by UVA irradiation.12

5. Bullous keratopathy 

Fig.5 : Picture showing bullous keratopathy

Wollensak et al. has shown the anti oedematous effect 
of CXL on the cornea (Figure5). The bullous changes 
markedly improve and the patients do not report of 
any pain or discomfort.13

Pre-operative work up for CXL-UVR treatment
A detailed ophthalmological examination is required 
which includes the following:
l  Visual  acui ty assessment (UCVA, BCVA, 

Contrast sensitivity)
l  Intraocular pressure recording
l  Slit lamp examination specially for Vogt's striae, 

Fleischer's ring and corneal scarring
l  Slit lamp photographs
l  Pentacam
l  Evaluation of central corneal thickness and 

thinnest pachymetry
l  Corneal topography
l  OCT examination
Pre-requisites
l  Clear cornea.
l  Contact lens tolerance or good spectacle 

corrected visual acuity.

l  Disorders should be progressive in nature.
l  Thinnest corneal pachymetry higher than 400µm.
l  No central corneal scarring.
l  Maximum corneal curvature should not exceed 

60 D.
Machine-Technical details

Fig.6  Parts of machine:
l  UV-A l ight is harmful to normal eye.It is 

necessary to use specified goggle (shown in 
below Figure 7), while treating the patient.

Fig.7 : Goggle
Rear panel descr iption

Fig.8 : Rear panel
l  The input power supply (110/230V AC) is given 

through the power chord.
l  The power switch is meant to turn ON and turn 

OFF the power supply to the device.
l  Three Pin Footswitch connector used to connect 

the footswitch.
l  Aiming Beam Power control Knob.
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Head housing (optical) assembly

Fig.9 : Optical assembly
                                                   
l  Important section of machine, from where UV-A 

light is projected to the eye.
l  Adjust two aiming beams (Red LED) to become 

one point (focus point) from the Head housing 
assembly using footswitch and it should be placed 
65mm distance from the patient's eye (cornea).

Solar  meter

Fig.10 : Solar meter

l  Used to  measure UV-A light component.
 The output is expressed in terms of Mw/cm.2
Footswitch

Fig.11: Solar meter
l  Allows the user to move pillar up/downs.
 CL-UVR rapid control panel menu description

Fig.12 : CL-UVR rapid control panel menu 
description

l  Power control section control the power of the 
UV-A light source.

l  Timer control section is used to preset the timer.
l  Start/pause buttons are used to start and terminate 

the process.
l  Video Asstt. is used to monitor the patient's eye 

position in LCD display while doing procedure.
l  Save can be done in two different settings as U1 

and U2 for quick access.

Surgical procedure
CXL with removal of epithelium (epithelium off)
The treatment is performed in an operation theatre 
under sterile conditions. Removal of the epithelium is 
required for efficient penetration of riboflavin.
Procedure is done under topical anesthesia after 
cleaning and draping of the eye. Scraping of the 
corneal epithelium out to 7 mm is required for better 
diffusion of riboflavin. Ultrasound pachymetry 
should be performed at the thinnest point of the 
deepithelialized cornea, to ensure a minimal corneal 
thickness of 400 µm. Riboflavin solution, 0.1% in 
20% dextran is instilled every 3 min for 30 min to 
saturate the cornea with riboflavin and for corneal 
hydration.
Prior to treatment, calibration of the intended 
irradiance of 3 mW/cm2 surface irradiance (5.4 J/cm2 
surface dose) is done using a UVA meter at a working 
distance of 6 cm. Irradiance is performed.
After the treatment, bandage contact lens is placed 
after a drop of topical antibiotics is insti l led. 
Instillation of topical antibiotics four times daily until 
contact lens removal is advised to the patient. The 
contact lens is removed on the third day and the 
patients are instructed to instil topical steroids four 
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times daily followed by a tapering schedule over 2 
months.
CXL without removal of epithelium (Epithelium on 
or transepithelial cross linking)
The corneal epithelium is left intact, which requires a 
longer riboflavin loading time. It is likely less painful 
and would be ideal i f  keractasia is efficiently 
stabilised. Several substances have been used to 
increase the permeability of riboflavin by loosening 
the tight junctions of the epithelial layer. Various 
clinical studies have been conducted to evaluate the 
clinical effects of transepithelial CXL on keratoconic 
eyes pre-treated with substances enhancing epithelial 
permeability. Enhanced riboflavin permeability with 
trometamol, BAC, EDTA, and gentamicin have been 
tried. The results of clinical observations varied from 
“less effective than standard CXL” to “moderately 
ef fective” to “appearing to hal t keratoconus 
progression, wi th a stati sti cal l y signi f i cant 
i mprovement  i n v i sual  and topographi c 
parameters.” Alcohol 20% has also been applied to 14-16 

devitalize corneal epithelium. Samaras et al. in their 17 
study concluded that complete removal of the corneal 
epithelium appears to be necessary to allow sufficient 
riboflavin absorption into the stroma to alter the 
normal light transmission properties of the porcine 
cornea.18

Complications after  CXL
1. Infectious disease 
Kymionis et al. published a case report which showed 
that CXL can induce herpetic keratitis with iritis even 
in patients with no history of herpetic disease.19 
Australian authors reported a case of polymicrobial 
kerati ti s caused by Streptococcus sal ivarius, 
Streptococcus oral i s and coagulase-negative 
Staphylococcus sp. in a patient.20

2. Corneal haze 
Greenstein et al. conducted a study to determine the 
natural history of CXL associated corneal haze 
measured by Scheimpflug imagery (densitometry) 
and sl i t-lamp bio microscopy in patients with 
keratoconus or iatrogenic keractasia. Changes in haze 
did not correlate wi th postoperative cl inical 
outcomes.21

Herrmann et al described a temporary subepithelial 
haze in a patient who underwent CXL for keratoconus 

and treated wi th topical  steroids. The haze 
disappeared several months after the procedure.22

3. Corneal scarring 
On retrospective evaluation of haze development after 
ribof lavin-ul traviolet (UV) A-induced corneal 
collagen cross-linking (CXL),8.6% of the eyes 
developed significant stromal scarring at 1 year after 
CXL. Based on these results, advanced keratoconus 
should be considered at higher risk of corneal scarring 
after CXL due to low corneal thickness and high 
corneal curvature.23 

4. Cell density loss 
Kymionis et al reported the outcomes after CXL in 
patients with thin corneas(<400µm) . In 1 year of 24

follow up time, they detected a significant decrease in 
endothelial cell density from 2733 ± 180 cells/mm2 to 
2441 ± 400 cells/mm2. 
5. Corneal melt 
Gokhale and Vemuganti reported a case of acute 
corneal melt with perforation in a patient with 
keratoconus af ter uncontrol led use of topical 
diclofenac and proparacaine eyedrops.25

who had corneal melting following CXL.26

Combination of CXL with refractive surgeries
Collagen CXL stops, slow, or, in many cases, partially 
reverses the ectatic process in eyes with keratoconus 
and ectasia after LASIK, as measured by visual acuity 
and corneal curvature. Corneal curvature irregularity 
must be significantly reduced and regularized. Some 
of the means to regularize the ectatic cornea in 
combination with CXL are described below.
1. CXL combined with intracorneal rings 
A prospective comparative randomized consecutive 
study was conducted in Dunya Eye Hospital, Istanbul, 
Turkey. It compared 2 sequences of combined 
i ntrastromal  corneal  r i ng segment (I CRS) 
implantation and ultraviolet/riboflavin-mediated 
corneal collagen crosslinking (CXL) in progressive 
keratoconus. They concluded that Implantation of 
ICRS fol l owed by CXL resul ted in greater 
improvement of keratoconus.  Miranda et al. reported 27

a reduction of spherical equivalent and max K of more 
than 2.50 D and 6.00 D, respectively, using Ferrara 
rings.28

2. CXL combined with topoguided photorefractive  
keratectomy
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Kymionis et al. conducted a prospective study to 
present the results after simultaneous photorefractive 
keratectomy (PRK) followed by corneal collagen 
cross-linking (CXL) for progressive keratoconus and 
showed favorable results. PRK followed by CXL 
seems to be a promising treatment capable of offering 
functional vision in patients with keratoconus.
4.CXL combined with conductive keratoplasty
Kymionis et al.  evaluated the combined effect of 
conductive keratoplasty (CK) followed by corneal 
collagen cross-linking (CXL) in 2 patients with 
keratoconus and showed that corneal remodeling with 
CK in patients with keratoconus seems to have a 
temporary effect despite the subsequent application of 
CXL.
Conclusion
Corneal CXL halts the progression of corneal ectasia, 
with very low incidence of complications or side 
effects. It is an efficacious procedure in the treatment 
of keratoconus and iatrogenic ectasia. CXL has shown 
to reduce the corneal curvature, spherical equivalent 
refraction and refractive cylinder in eyes with corneal 
instability and progressive irregular astigmatism seen 
in patients with keratoconus and ectasia. This has 
been used as an adjuvant treatment to conventional 
therapeutic modalities in infectious keratitis, corneal 
mel ting processes and bul lous keratopathy. A 
sequential or simultaneous combination of limited 
topography-guided PRK and CXL seems to be a 
promising treatment capable of offering functional 
vision in patients with keratoconus.
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Introduction
Electroretinography  is the mainstay of clinical  (ERG)
ophthalmic diagnostic testing. The ERG provides an 
objective, quantitative measure of retinal function and 
allows the clinician to monitor the function of rod 
cells, cone cells, and ganglion cells in each eye. It uses 
electrodes placed on the cornea or adjacent to the orbit 
to monitor changes in the electrical potential of the 
eye in response to speci f ic stimul i . Careful 1

manipulation of the stimulus and testing conditions 
allows the clinician to investigate different cell types 
and layers of the retina. The ability to distinguish 
between different cell layers and cell types means that 
ERG's can be used to discern between myriad 
inherited retinal disorders and dystrophies that may 
otherwise prove clinically indistinguishable.Several 
di fferent types of  ERG test provide speci f ic 
information about the patient's visual function. The 
full-field erg, or fferg, is the most common form 
ofelectroretin ographic testing. I t provides an -
assessment of general retinal function and can 
distinguish between the various cell types, revealing 
the function of photoreceptors, bipolar cells, ganglion 
cells and amacrine cells, but cannot provide specific 
information about individual sectors of the retina. The 
most recent advance in ERG technology is the 
mul ti focal  electroretinogram (mfERG) which 
provides a detailed assessment of the health of the 
central retina and measures the response in each of a 
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large number of small sectors, typically either 61 or 
103, of the retina.It thus provides a map that allows the 
clinician to locate specific areas of malfunction. The 
pattern ERG, or pERG, measures the response to a 
temporally changing pattern of contrast at a constant 
level of luminance, providing information about 
ganglion cells and generalized macular function. 
Basic Pr inciple
Photoreceptors and downstream neurons in the retina 
maintain a non-neutral electrical
“resting potential” by manipulating the intracellular 
and extracellular concentrations of
positive sodium, potassium, and calcium ions and 
negat i ve chl or i de i ons, as wel l  as l arger 
electronegative molecules. Human rod cells present a 
model  system of  photot ransduct i on. The 
chromophore, or light sensing pigment, in rods is 11-
cis-retinal, which is bound to an apoprotein called 
opsin, forming rhodopsin. When a photon strikes 11-
cis-retinal, causes it to
isomerize into all-trans-retinal . This conformational 2-5

change causes rhodopsin to activate
transducin, a heterotrimeric G protein  Activated 6

transducin binds to the inhibi tory subunits of 
phosphodiesterase 6 (PDE6),thereby de-inhibiting it. 
The newl y acti ve PDE6 hydrol yses cycl i c 
Guanosinemonophosphate (cGMP), reducing 
intracellular cGMP levels and closing cGMP-gated 
cationic channels (CNG) in the rod cel lular 
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membrane.  This reduces the influx of NA+ and Ca2+ 7

into the cel l , thereby hyperpolarizing i t.The 
hyperpolarization of the cell causes it to cease 
transmitting glutamate across synapses to bipolar 
cells, inducing changes in their polarization. Bipolar 
cells transmit this signal either directly to ganglion 
cells, each of which has an axon proceeding out of the 
orbit along theoptic nerve, or to amacrine cells, which 
then activate ganglion cells or alter the output of other 
bipolar cells. Photoreceptors, bipolar cells, and 
amacrine cells operate via graded potentials, but 
ganglion cells generate action potentials in response 
to incoming signals from bipolar and amacrine cells; 
these action potentials help to propagate the 
information along the optic nerve. The function of 
each of these cell types can be measured precisely 
using various electroretinographic techniques.
Components of ERG
a-wave: Initial corneal-negative deflection, derived 
from the cones and rods of the outer photoreceptor 
layers
This wave reflects the hyperpolarization of the 
photoreceptors due to closure of sodium ion channels 
in the outer-segment membrane. Absorption of light 
triggers the rhodopsin to activate transducin, a G-
protein. This leads to the activation of cycl ic 
guanosine monophosphate phosphodiesterase 
(cGMP PDE) eventually leading to a reduction in the 
level of cGMP within the photoreceptor. This leads to 
closure of the sodium ion channels resulting in a 
decrease of inwardly directed sodium ions, or a 
hyperpolarization of the cell. The a-wave amplitude is 
measured from baseline to the trough of the a-wave8

b-wave: Corneal-positive deflection; derived from the 
inner retina, predominantly Muller and ON-bipolar 
cells
The hyperpolarization of the photoreceptor cells 
results in a decrease in the amount of neurotransmitter 
rel eased, whi ch subsequent l y  l eads to a 
depolarization of the post-synaptic bipolar cells. The 
bipolar-cell depolarization increases the level of 
extracellular potassium, subsequently generating a 
transretinal current. It is this transretinal current that 
depolarizes the radially oriented Muller cells and 
generates the corneal-positive deflection. The b-wave 

amplitude is generally measured from the trough of 
the a-wave to the peak of the b-wave. This wave is the 
most common component of the ERG used in clinical 
and experimental  analysi s of  human retinal 
function. 9-10

c-wave: It is derived from the retinal pigment 
epithelium and photoreceptors
The c-wave is a reflection of the resulting change in 
t he t ransepi thel i al  potent i al  due to the 
hyperpolarization at the apical membrane of the RPE 
cells and the hyperpolarization of the distal portion of 
the Muller cells. The c-wave generally peaks within 2 
to 10 seconds following a light stimulus, depending 
on flash intensity and duration. Due to the c-wave 
response developing over several seconds, it is 
susceptible to influences from electrode drift, eye 
movements, and blinks.
d-wave: This is produced from the off bipolar cells.
The a-wave, sometimes called the “late receptor 
potential,” reflects the general physiological health of 
the photoreceptors in the outer retina. In contrast, the 
b-wave reflects the health of the inner layers of the 
retina, including the ON bipolar cells and the Muller 
cells. 11

Fig. 1: Basic waveform of ERG

Fig.2 : Showing from where the major
 components of ERG originate.

Two principal measures of ERG waveform are-
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Amplitude
 l  a- wave- from the baseline to the negative 

trough of the a-wave.
 l  b-wave measured from the trough of the a-

wave to the following peak of the b-wave.
Time
 l  (t)a from flash onset to the trough of the a-

wave.
 l  (t)b from flash onset to the peak of the b-wave.
These times, reflecting peak latency, are referred to as 

“implicit times” (Figure3) .

Fig. 3: Showing amplitude and implicit 
time of a & b wave.

The ERG of a normal full-term infant looks similar to 
a mature ERG. A normal ERG in a new born infant can 
be small amplitude the first couple of months. The 
ERG attains peak amplitude in adolescence and 
slowly declines in amplitude throughout life.  After 12

age 55-60 years the amplitude of the ERG declines 
even more. Implicit times slow gradually from 
adolescence through old age as well.
ERG recording electrodes
1. Recording electrodes/Active Electrode
 l  Over cornea, bulbar conjunctiva or skin of 

lower eyelid (Figure 4).
 l  Protect corneal surface with non-irritating 

ionic conductive solution (artificial tears or 
contact lens solutions containing sodium 
chloride and no more viscous than 0.5% 
methyl cellulose) & topical anesthesia for 
contact lens electrodes. 

 l  Conjunctival sac – used in pattern ERG
 l  Cornea (contact lens electrode) in flash ERG
2. Reference electrodes
 l  These electrodes connect to the negative input 

of the system.
 l  Bipolar electrode- incorporated within the 

contact lens-speculum assembly- may 
produce lower amplitude than the monopolar 
electrode at a separate area.

  l Monopolar electrodes may be attached to skin 
near each temporal orbital rim, avoid placing 
over muscle masses.

3. Common electrodes/ Ground electrode
  l Connected to common input of the system.
  l Placed over earlobe/mastoid/forehead.

Fig.4: Burian & Cotton Wick electrodes.
There are yet other simpler ERG recording devices 
using gold Mylar tape that can be inserted between the 
lower lid and sclera/cornea. Most electrodes are 
monopolar, i.e., are referred to another electrode site 
most commonly on the forehead. Some are bipolar 
with the reference electrodes built into a metal surface 
on a speculum(Figure 5).

Fig. 5: Corneal electrodes.
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 If electrodes are to be reused, they should be 
sterilized with a solution that neutralizes prion-
transmitted diseases such as Creutzfeldt-Jakob 
disease (CJD). 

Types of ERG
The focal ERG (fERG; also known as the foveal ERG) 
is used primarily to measure the functional integrity of 
the fovea and is therefore useful in providing 
information in diseases limited to the macula. A 
variety of techniques have been described in the 
literature for recording fERGs. Differing field sizes 
varying from 3 degrees to 18 degrees and light 
stimulus frequencies have been used in the various 
methods, however each technique deals with the 
challenge of limiting amount of light scattered outside 
the focal test area. Focal ERG is useful for assessing 
macular function in conditions such as age-related 
macular degeneration, however requires good 
fixation from the subject. The ful l -f ield ERG 
(Ganzfeld; ffERG) measures the stimulation of the 
entire retina with a flashlight source under dark-
adapted (scotopic) and light-adapted (photopic) types 
of retinal adaptation. This is useful in detecting 
di sease wi th widespread general i zed reti nal 
dysfunction i.e. cancer associated retinopathy, toxic 
retinopathies, and cone-rod dysfunction. Due to the 
massed retinal electrical response, small retinal 
lesions may not be revealed in ffERG recordings.13

The multi focal ERG (mfERG) simultaneously 
measures local retinal responses from upto 250 retinal 
locations within the central 30 degrees mapped 
topographically. This new technology was developed 
by Erich Sutter in the early 1990s and involves 
powerful computers and high –intensity display 
monitors. The light stimuli are presented on a video 
monitor in one of a large number of arrays consisting 
of hexagonal elements. The hexagonal elements in the 
array are distributed so that the focal retinal responses 
have an approximately equal signal-to-noise ratio. 
The central hexagons are smaller than those in the 
periphery. The elements are stimulated in a pseudo-
random sequence of light and dark, called a maximum 
length sequence (or m-sequence). The resulting 
waveforms are similar to those of the ffERG: initial 
negative deflection (N1 or a-wave), followed by a 

positive deflection (P1 or b-wave), and a second 
negative deflection (N2 or c-wave). MfERGs are 
useful in detecting localized abnormalities within the 
retina in conditions such as retinitis pigmentosa, 
branch ret i nal  ar t ery  occl usi on,  f undus 
flavimaculatus, and Stargardt's disease. Degree of 
retinal toxicity related to certain drugs such as 
hydroxychloroquine or ethambutol is better detected 
using mfERG compared to ffERG. Early visual field 
defects due to glaucoma may also be detected sooner 
using mfERG compared to automated perimetry.14

The pattern ERG (PERG) uses pattern-reversal 
stimuli similar to VEP testing and captures retinal 
ganglion cell activity predominantly in the N95 
waveform component. Itis used to detect subtle optic 
neuropathies. In demyelinating optic neuropathy, the 
PERG is relatively normal, while it may be abnormal 
in ischemic optic neuropathies. P50 evaluates the 
macular function.15

 L ight stimulation for  ERGs.
There are also several methods of stimulating the eye. 
Some laboratories use a strobe lamp that is mobile and 
can be easily placed in front of a person whether 
si tting or recl ining. The mobi l i ty of  a strobe 
lamp(Figure 6) or an array of LEDs is a necessity in 
some situations such as at the hospital bedside or in 
the operating room.

Fig.6:  Strobe lamp light source.
For patients over 5 years of age most laboratories use a 
Ganzfeld (globe) with a chin rest and fixation 
points(Figure7). The Ganzfeld allows the best control 
of background i l lumination and stimulus flash 
intensity. Either strobe lamp or Ganzfeld methods of 
flash presentation can be used to record the ERG 
following a single flash or to average responses to 
several flashes with the aid of a computer. 
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Fig. 7: Ganzfield Stimulation Globe

ERG recording guidelines according to ISCEV 2015 
guidelines-
  l Maximally dilate the pupils.
  l Before dark adapted protocols- 20 min of dark 

adaptation.
  l Before light adapted protocols- 10 min of light 

adaptation.
  l Present low strength flashes before stronger 

flashes- so that the partial light adaptation due 
to bright light does not occur.

  l Insert corneal contact electrodes (when these 
are used) under dim red light after dark 
adaptation period. Avoid strong red light. 
Allow 5 min of extradark adaptation after 
insertion of contact lens electrode.

  l Allow at least 30 min recovery time in 
ordinary room illumination after use of strong 
light for retinal imaging (fundus photography, 
fluorescein angiography and others).

  l Request the patient to fix and not move eyes. 
Ocular movements can change the positions 
of electrodes, can cause blockage of light by 
eyelids or electrode and may induce electrical 
artifacts.

Separating rod and cone ERGs
Most disorders of the retina are detected by an 
attenuation of amplitude. Implicit times, of both a- 
and b-waves are also affected in some conditions. 
Implicit times and amplitudes vary depending upon 
whether the eye is dark adapted or not, background 
illumination, brightness, rate of stimulation and 
colour of the light stimulus. These parameters allow 

separation of rod and cone activity in any duplex 
retina. Rods and cones differ in number, peak color 
sensitivity, threshold and recovery. There are about 
120 million rods in each retina and about 6-7 million 
cones. Because of sheer numbers, the ERG following 
a white flash is dominated by the mass response of the 
rods. Peak wavelength sensitivity for rods is around 
510 nm and the peak sensitivity of cones as a group is 
about 560 nm16-17

Fig.8:  Filter conditions used to isolate rod 
and cone components of the ERG using dim 

scotopic flashes.

Using different rates (flicker) of stimulus presentation 
also allows rod and cone contributions to the ERG to 
be separated. Even under ideal conditions rods cannot 
follow a flickering light up to 20 per second whereas 
cones can easily follow a 30 Hz flicker, which is the 
rate routinely used to test if a retina has good cone 
physiology.18

ERG recording methods
This includes 6 protocols named according to the 
strength of the stimulus in candela. second/square 
meter (time integrated luminance).19-20

1. Dark-adapted 0.01 ERG (a rod-driven response of 
on bipolar cells).

2. Dark-adapted 3 ERG (combined responses 
arising from photoreceptors and bipolar cells of 
both the rod and cone systems; rod dominated).

3. Dark-adapted 10 ERG (combined response with 
enhanced a-waves ref lecting photoreceptor 
function).

4. Dark-adapted oscillatory potentials (responses 
primarily from amacrine cells).
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5. Light-adapted 3 ERG (responses of the cone 
system; a-waves arise from cone photoreceptors 
and cone Off- bipolar cells; the b-wave comes 
from On- and Off-cone bipolar cells).

6. Light-adapted 30 Hz flicker ERG (a sensitive 
cone-pathway-driven response).

Factors affecting ERG responses
 l  Duration of stimulus
 l  Size of retinal area illuminated
 l  Interval between stimuli
 l  Size of pupil
 l  Development of Retina
  l Clarity of Ocular Media
  l Age, Sex, and Refractive Error- Adult ERG by 

 the age of 2 years, Women > Men.
Abnormal ERG responses 
There are 4 types of abnormal responses.21-22

l  Supernormal Response – Amplitude of both a & b 
wave is 2 standard deviation above the normal 
.Eg.Albinism, Early Siderosis Bulbi.

l  Subnormal Response- Both a & b wave have 
amplitude less than 2 standard deviation beneath 
the mean normal . Eg. Ear l y RP, HCQ 
Retinopathy, Retinal Detachment, Vitamin A 
deficiency etc.

l  Extinguished Response- Complete absence of 
response. Eg. Advanced RP, Complete RD, 
Advanced Siderosis Bulbi , Choroideremia, 
Leber's Congenital Amaurosis etc.

l  Negative Response- Large a wave with small or no 
b wave (b/a ratio <1) Gross disturbance in retinal 
circulation. Eg. Arteriosclerosis, Giant cell 
arteritis, CRAO, CRVO etc.

Clinical applications of ERG
1. ERG in Retinitis Pigmentosa- l ike disease- 

Retinitis pigmentosa shows minimal or sub-
normal a- and b-wave amplitudes (response 
primarily from cone system) and can even result 
in completely extinguished ERG waves in severe 
retinitis pigmentosa. There are a number of 
central nervous system syndromes with RP-like 
ocular involvement. Prominent among these are 
the mucopolysaccharidoses such as the Hurler, 
Scheie and Hunter syndromes & neuronal ceroid 

lipofuscinoses such as Batten's disease which 
have abnormal ERGs.

 Other syndromes that may include retinitis 
pigmentosa are Bassen-Kornzweig syndrome (a-
beta-l ipoproteinemia), A lagi l le syndrome, 
Cystinosis, Kearn's-Sayres syndrome, Laurence-
Moon-Bardet-Biedl  syndrome, Myotonic 
dystrophy, Refsum's disease, Usher's syndrome 
etc. 23

2. Congenital stationary night blindness (CSNB) - 
Schubert-Bornschein type can vary in ERG 
appearance but the classic form has reduced b-
wave amplitudes & Riggs type CSNB the a- and 
b-wave ERG amplitudes attenuate proportional to 
degree of expression.

3. Enhanced S-cone syndrome, sometimes called 
Goldman-Favre syndrome - ERGs show a poor 
rod photoreceptor response and increased ERG 
responses to blue flashes.24

4. X-linked juvenile retinoschisis - ERG has a 
specific abnormality showing a normal a-wave 
but no b-wave that is a negative ERG.

5. Cone Dystrophies - Markedly depressed photopic 
response and less affected scotopic response.

6. ERGs in retinal vascular disease - Vascular 
occlusions such as central  retinal  artery 
thrombosis produce a characteristic avascular 
appearance to select areas of the fundus and an 
ERG wi th no b-wave. Ophthalmic artery 
occlusions usually result in unrecordable ERGs. 
Central retinal vein occlusion shows attenuation 
of b-wave amplitude and delay in 30 Hz flicker 
implicit time to beyond 35 milliseconds. In 
general, focal disease including due to vascular 
insufficiency, detachment, trauma, or focal 
toxicity reduces the full-field ERG amplitude 
proportional to amount of area affected.

7. Foreign bodies and Trauma -In Siderosis a 
transient supernormal response then negative 
pattern followed by non-detectable response in 
severe cases (rod function more affected than 
cones; reduction of b-wave amplitude more than 
a-wave) however a small piece of stainless steel or 
plastic outside the macula may have a minor effect 
on the retina. In general, if b-wave amplitudes are 
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reduced 50% or greater compared to the fellow 
eye, it is unlikely that the retinal physiology will 
recover unless the foreign body is removed. In 
traumatic cases ERG changes depends upon the 
extent of retina involved.

8. Drug toxicities - Several drugs taken in high doses 
or for long periods of time can cause retinal 
degeneration with pigmentary changes l ike 
thioridazine, chlorpromazine, Vigabatrin, and 
chloroquine or hydroxychloroquine. The 
A mer i can A cademy of  Ophthal mol ogy 
guidelines recommend a baseline examination for 
patients starting these drugs to serve as a reference 
point; and to rule out maculopathy an annual 
screening after 5 years of use unless there is 
suspicion of toxicity or presence of unusual risk 
factors 25

9. Systemic disorders and the ERG - Systemic 
metabol ic disorders are reflected in retinal 
physiology. Liver and kidney disease and drugs 
that affect those organ systems, usually reduce 
ERG b-wave amplitudes, particularly in scotopic 
dim flash ERGs. For example, deferoxamine, an 
iron chelating drug used to reduce iron overload, 
can be toxic to the retina. Vitamin A deficiency 
shows reduced ERG amplitudes particularly 
under scotopic conditions. 26

Conclusion
Electrophysiological recording is a valuable asset for 
the clinician. Because ERG tests can measure the 
function of different cell types and cell layers, they 
can aid the clinician in distinguishing between  
symptomatically similar diseases. Furthermore, 
because they provide an objective measure of retinal 
function, they can help clinicians evaluate very young 
patients, very old patients, and others that may 
otherwise be difficult to diagnose. The quantitative 
results that ERG tests provide make them useful as 
tools for both prognosis and disease monitoring.
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Introduction
Corneal blood staining has been described as a rare 
complication of contusion injury induced hyphema of 
relatively long duration with a raised intraocular 
pressure (IOP) and  results from impregnation of the 
corneal stroma with hemoglobin and hemosiderin .  A 
pressure >25 mm Hg for >5 days may cause corneal 
staining . It is infrequently seen after penetrating 1

injuries, in which the tension is usually low. The 
reported incidence is 2–11% of traumatic hyphema 
cases and even higher for total hyphemas . Other 2-4

corneal blood staining etiologies are hyphema 
induced by intraocular surgery  or any other bleeding 5

in the anterior chamber (AC). In case of hyphema, 
maximal medical and surgical efforts should be 
appl ied to prevent cornea staining, since this 
condition may end up with an irreversible corneal 
opacity, hence permament blurring of vision. 
Irreversible corneal staining may require corneal 
transplantation. We herein report a case of traumatic 
hyphema resulting in corneal  blood staining.
Case Repor t
A 7 years old boy presented with the complaints of 
pain, redness, watering and decreased vision in the 
right eye following trauma with a wooden stick 5 days 
back. On examination, the visual acuity was recorded 
as PL present and  PRaccurate in RE and 6/6 in LE. 
RE examination further revealed mild lid edema and 
conjunctival congestion on gross examination. On 
Slit lamp examination, there was ciliary congestion, 
corneal staining of lower 2/3  of cornea with full rd

chamber hyphema. The IOP was 50.6 mmHg by 
Schiotz tonometer in RE and 14.6 mmHg in LE.B- 

Corneal blood staining after traumatic hyphema- a case report

scan showed clear vitreous and intact retina. CT scan 
of orbit revealed no globe, bony orbit or optic nerve 
injury. The patient was kept on intravenous mannitol, 
oral acetazolamide, antibiotics and vitamin C along 
with topical b-blockers, antibiotic steroid eye drops 
and atropine ointment. The IOP in RE was reduced to 
20.6mmHg. So the patient was taken for anterior 
chamber paracentesis under GA after PAC fitness and 
negative RTPCR report for COVID 19. Clotted blood 
was aspirated out and AC was formed with BSS
(balanced salt solution) and air. Next day, the anterior 
chamber had no hyphema and superior clear cornea 
was easily  visualized  with blood staining of lower 
2/3  of cornea (Figure 1 a and b).rd

 Fig. 1 a : corneal blood staining (1st postoperative day)  
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Fig. 1 b :Air bubble(arrow) with superior  clear cornea

The visual acuity improved to 6/12p (through superior 
clear cornea). The IOP became normal, so systemic 
anti-glaucoma drugs were discontinued and the 
patient was discharged on topical treatment as 
prescribed earlier with oral antibiotics, analgesics, 
vitamin C and prednisolone 20mg tablets after 2 days. 
At first follow up after 1week, there was no fresh 
hyphema, IOP was 14mmHg with persistent corneal 
staining.The oral steroids were tapered over 1week 
and topical medications were continued. At one 
month follow up,the VA decreased to 6/60 as the 
patient had developed lenticular changes(seen 
through superior cornea) and persistent corneal 
staining. The patient is under constant follow up.
Discussion 
Hyphema is one of the most challenging clinical 
problems encountered by the ophthalmologists. 
Traumatic hyphema is encountered in children and 
adults. Hyphema is usually the result of blunt trauma 
that hits the exposed portion of the eye despite the 
protection of the bony orbital rim. Various missiles 
and objects have been incriminated, including balls, 
rocks, projectile toys, air guns pellets and the human 
fist .6

Most hyphemas (71-94%) result from tears in the 
anterior face of the ciliary body, with disruption of the 
major arterial circle and its branches, recurrent 
choroidal arteries, or ciliary body veins, the remaining 
percentage arises f rom ruptured i ris vessels, 
cyclodialysis, or iridodialysis . Predisposing factors 7

for corneal blood staining include prolonged duration 

of hyphema, large or total hyphema, sustained 
increased IOP and dysfunction of the corneal 
endothelium . The reported case exhibited a total 8

hyphema with markedly elevated IOP for 5 days  prior 
to consultation.
The following pathogenesis of corneal blood staining 
has been postul ated. I ni t i al l y, endothel i al 
degeneration occurs because of  mechanical 
disruption, toxicity from erythrocytic debris and 
possi bl y porphyr i n- i nduced phototoxi ci ty. 
Subsequently, haemoglobin and breakdown products 
diffuse into the posterior stroma. Haemoglobin is 
phagocytosed by posterior keratocytes and degraded 
to haemosiderin, which is subsequently phagocytosed 
by anterior stromal keratocytes. Excess intracellular 
haemoglobin and haemosiderin causes keratocyte 
death.  The cornea is repopulated with keratocytes as a 
result of ingrowth of fibrocytes from the limbus; 
corneal clearance therefore begins peripherally .9-11

 The natural history of corneal blood staining has been 
documented by sl i t-lamp microscopy. Initial ly, 
corneal oedema occurs as a result of endothelial 
dysfunction indicating that blood staining is 
imminent. The earliest sign is the presence of fine 
yellow granules in the posterior stroma. A straw 
yellow discoloration of the stroma subsequently 
devel ops, progressi ng to a reddi sh-brown 
discoloration over several days. Over time, the 
discoloration changes through various shades of 
greenish-black to grey. Corneal blood staining 
extending to Bowman's layer and the epithelium has 
been reported in severe cases , and a greyish discoid 
opacity deep in the stroma can simulate an anterior 
dislocation of the lens .Clearance of the blood 9-10

staining begins peripherally and progresses centrally, 
and can take up to 3 years12. Occasionally clearance 
is incomplete leading to permanent opacification 13.
Therapeutic efforts should be made at the earliest to 
prevent corneal blood staining in cases of hyphemas 
presenting early. Corneal blood staining is most likely 
with a total hyphema and an IOP greater than 25 
mmHg for longer than 6 days9. Surgical evacuation of 
the hyphema is indicated at this stage or at the first 
microscopic sign of blood staining14. Thereafter, 
management options include awaiting spontaneous 
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clearance or penetrating keratoplasty11,15. In this 
case, corneal staining was present at the fi rst 
consultation only. Long time follow up will be done to 
determine the outcome in this case.
Conclusion
Corneal bloodstaining is undoubtedly a vision-
threatening complication of total hyphema after 
ocular trauma. Timely control of IOP is important to 
prevent corneal blood staining and optic nerve 
damage. Furthermore, removing the whole hyphema 
as soon as possible may decrease the severity of 
corneal blood staining and shorten the course of 
clearing up spontaneously.
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Grade of ocular dermoid Recommended techniques
Grade 1 (<50µm thickness and <1mm
diameter)

Simple excision

Grade 1 (<100µm thickness and <1 mm
diameter)

Keratectomy +AMT +ALSCA

Grade 2 and deeper grade 1 Keratectomy +AMT +ALSCA +PPG versus
anterior or deep anterior lamellar keratoplasty
±AMT

Grade 3 Total anterior segment reconstruction























Clinical Sign Pathogenesis Layer of retina
affected

Effect of
treatment

Cotton wool
spot

NFL infarcts Nerve fibre layer Persists

Microaneurysms Secondary to capillary wall
outpouching due to pericyte
loss.

Superficial retinal
layers

Resolves if
controlled

Dot and blot
haemorrhages

Microaneurysm rupture in
deeper layer of retina

OP&IN layer Resolves gradually

Flame shaped
haemorrhages

Splinter haemorrhages in
NFL

NFL Resolves gradually

Hard exudates
and Retinal
edema

Breakdown of blood-retina
barrier, allowing leakage of
serum protein and lipids

OP&IN layer Complete
resolution is

unlikely







Rhegmatogenous RD Tractional RD Exudative RD

History Photopsia
Visual field defects

DM, penetrating
trauma, sickle cell

disease

Malignant HTN,
eclampsia, renal failure,

uveitis, trauma
Retinal
break

Present No primary break, may
develop secondary

break

No break or coincidental

Extension To ora serrata Does not extend to ora Gravity dependent
Retinal
Shape

Convex Concave Extremely high convex

Motility Undulating Taut, peaks to traction
point

Smoothly elevated
bullae

Subretinal
fluid

Clear Clear May be turbid, shift
rapidly to dependent

location
Choroidal

mass
None None May be present

PVR + - -

Rhegmatogenous RD Tractional RD Exudative RD

Convex elevation Concave Extremely high convex

Undulating folds Bridging tractional bands Shifting fluid +

PVD RD Choroidal detachment
Smooth, with or without

disc insertion
Smooth or folded with disc

insertion
Smooth, convex shaped with

no disc insertion
<100% spikes 100% spikes Double 100% spikes

Marked after movements Moderate None

Scleral buckling VR surgery Pneumatic
retinopexy

Indications RRD
Inferior retinal

breaks
Retinal dialysis
Pediatric RD

RD with PVR
changes

RD with GRT
RD with VH

RD with IOFB

Single break, in
superior 8 clock

hours
Break should not be
more than 1 clock

hours
Multiple breaks
within 1-2 clock

hours
Contraindications Posterior breaks

Opaque media
PVR

Bleeding disorders
Suspected tumors

like RB, Melanoma

Break > 1 clock hour
Break in inferior 4

clock hours
Uncontrolled IOP

Hazy media
Complications Perforation

Raised IOP
Extrusion
Diplopia

Anterior segment
ischemia

ERM
Recurrent RD

Iatrogenic breaks
Lens trauma

Secondary glaucoma
PVR

Cataract progression

Vitreous
incarceration

Subconjunctival gas
Missed breaks

PVR
Persistent SRF
Vitreous haze

Sudden rise in IOP

Benefits Excellent anatomic
results

Good visual
outcomes

Visualization of all
tear/breaks

Anatomic success in
complicated
detachments

Minimally invasive
Reduced recovery

time
Better postoperative

visual acuity
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Disc edema is an ophthalmoscopic finding defined by 
unilateral or bilateral swelling of the optic disc. 
Axonal distension and elevation of the optic disc leads 
to a swollen disc. Disc edema indicates swelling of 
axons present at the disc along with increased fluid 
around the axons. This axonal swelling can occur 
because of obstruction in axonal transport at lamina 
cribrosa. There are several synonyms used to describe 
this finding including papillitis, papilledema, swollen 
or choked discs, and the most commonly used term – 
optic disc edema (ODE). Careful history along with 
thorough fundus examination helps to identify the 
cause of disc edema.
Presentati on: Pati ents wi th ODE are of ten 
asymptomatic but can present with a range of 
symptoms based on the underlying cause. Symptoms 
vary from transient obscuration of vision, visual loss, 
headache, diplopia, vertigo, giddiness, vomiting, etc. 
For example, a patient who has disc edema due to 
increased intracranial pressure (ICP) may present 
with positional headache, visual obscurations, or 
pulsatile tinnitus. If the cause in infectious, systemic 
symptoms may be present. An ipsilateral relative 
afferent pupillary defect may be present.
Differential Diagnosis: It is useful to separate 

Sakshi Lochab MBBS
 Regional Institute of Ophthalmology, PGIMS, Rohtak

Optic  Disc Edema -Features of its common manifestations

Cause Symptoms Fundus findings

Anterior Ischemic optic
neuropathy (AION)

Arteritic AION: scalp tenderness, jaw
claudication, fever, joint pains –
associated with Giant cell arteritis.

Non-arteritic AION: history of
vascular risk factors (Diabetes,
Hypertension, Hyperlipidemia)

Arteritis AION: Unilateral optic disc
edema with a white, chalky appearance.

Non-arteritic AION: Unilateral optic
disc edema, cup-less “disc at risk” in the
fellow eye

Neuroretinitis
Viral URI symptoms, fever,
lymphadenopathy, rash

Optic disc edema with a macular star

Papillitis/Optic Neuritis

Orbital pain with visual changes
(blurring, field defect, or decreased
color vision) and an afferent pupillary
defect

Usually only optic disc edema

Papillophlebitis
Young, healthy patient with blurred
vision, with or without a field defect

Optic disc edema, venous dilation, and
disc hemorrhages

Retinal Vein Occlusion

History of vascular risk factors
(Diabetes, Hypertension,
Hyperlipidemia), sudden painless
vision loss, afferent pupillary defect

Optic disc edema with dilated and
tortuous vessels, extensive retinal
hemorrhages, cotton wool spots

differential diagnoses associated with ODE into 
unilateral disc edema or bilateral disc edema.
Table 1: Causes of unilateral optic disc edema

Table 2: Causes of bilateral optic disc edema.
Cause Symptoms Fundus Findings

Increased intracranial
pressure (Papilledema)

Headache, pulsatile tinnitus, visual
obscurations, nausea and vomiting Bilateral optic disc edema

Diabetic Papillopathy History of diabetes, visual changes
(blurring or field defects)

Bilateral optic disc edema,
microaneurysms, cotton wool spots,
hard exudates, retinal hemorrhages,
neovascularization

Hypertensive Papillopathy
History of hypertension, visual
changes (blurring or field defects),
headache

Bilateral optic disc edema, cotton
wool spots, hard exudates, retinal
hemorrhages, arteriosclerosis

Pseudopapilledema (Optic
Disc Drusen) Generally asymptomatic Round, white/yellow bodies on and

buried in the optic nerve head

Clip Sheet

Diagnosis: For diagnosing disc edema fundus examination plays a key roel. In general, on fundoscopic or slit lamp 
exam one can find enlarged retinal venules, blurred disc margins, elevation of the optic disc, obscuration of blood 
vessels traveling through the optic disc, and in severe cases, hemorrhage overlying the optic disc. Blurred disc 
margins is earliest sign of disc edema. Dilatation of venules leads to hyperemic appearance of the disc. In advanced 
cases disc elevation is seen which begins in periphery and progresses towards the centre. Retinal or choroidal folds 
also known as Paton lines are also found in these cases.These findings together with patient symptoms and history 
are key to arriving at the proper diagnosis. 
Unexplained optic disc edema necessitates further imaging studies. An MRI and MRV of the brain will evaluate for 
the presence of increased intracranial pressure including structural lesions and venous outflow obstruction, which 
can both lead to papilledema. A lumbar puncture may also be needed to evaluate for infection and elevated ICP. The 
presence of elevated ICP in the absence of a cause found on imaging may lead to the diagnosis of idiopathic 
intracranial hypertension, also known as pseudotumor cerebri.
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