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EDITORIALEDITORIAL

Dear Dr. 
Greetings from the Editor’s desk.
Thirukkural, is a classic ancient poetry in world literature, written 
2000 years ago, by the great saint poet Thiruvalluvar.  It is a book 
for all ages, dealing with the art of living. ‘Thiru’ means sacred, 
sweet etc., ‘Kural’ means anything short. In a nut shell, each couplet 
conveys maximum sense in minimum words i.e. “Short and Sweet”. 
It transcends national boundaries, historical, social limitations and 
language barriers. Though it was written 2000 years ago, it makes 
great sense and relevance even today. It shows the way to lead a 
full fledged life ensuring individual, social and cultural harmony. It 
is not only a work of great aesthetic and literary value, but also a 
guide to the art of living, with nuggets of valuable wisdom sprinkled 
everywhere.
 

The translated version of this couplet is, 
“ Dig deeper the sand–well, more water flows,  
Read deeper, more wisdom grows”. 

I wish our TNOA journal to be read, cherished and practiced by every 
ophthalmologist to lead a balanced and successful professional and 
family life. Like the Thirukkural, let our TNOA journal stand the 
test of time and be a guide for all ages, at all times. 
I bid farewell to you Dr.                            with a quote, “You should 
not go through life; you should grow through life”.

 Dr. Chalini Madhivanan   
Editor – TNOA Journal 





GUEST EDITORIALGUEST EDITORIAL

Guest Editorial
Dr. Ananda Kannan

 There has been criticism from a section of the 
ophthalmologists that the PG training programmes have fallen short of 
international norms and of the community’s own expectations according 
to a preliminary study conducted. I hope that these few lines would 
expose yet another view and thought over this subject.
 Post-Graduate training in ophthalmology focuses on three main 
objectives such as comprehensive knowledge in general ophthalmic care 
including basic surgical skills, an aptitude in teaching and research 
and to enable the candidates for making a decent livelihood out of their 
profession. Each one of these objectives has got its own dimensions 
and the training programme is to be designed in such a way so as to 
be able to fulfill the desire of its different stakeholders viz., the Govt./
Community, young ophthalmologists and their families and the future 
generation.
 The aims and objectives of the ophthalmic training programme 
as per the National Commission on Eye Health Care are a) to provide 
general eye health care for all, b) to provide quality vision to all by the 
year 2020 and  c) to prevent or delay the onset of vision threatening 
diseases. Keeping these factors in mind, the Govt. directs the regulatory 
bodies such as MCI and the Universities to design the curriculum and 
the training in such a way to achieve these objectives. 
 Priority of the National mandate remains in creating the 
required number of manpower to the needs of people for the next 
50 years. Availability of the ophthalmologists at present remains 
at 1 per 65,000 and the desirable ratio would be 1 per 25000. There 
is an urgent need to increase the number of training programme to 
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fourfold. At present 156 institutions are offering 735 seats for doctors 
to become ophthalmologists. Further National Board trains additional 
225 ophthalmologists. Interestingly 20% of these programmes belong 
to Tamilnadu. I do not intend to go into the nitty gritty issues of the 
quality of the training that are being offered in these centers.
 As we look at the perspective of the young ophthalmologists coming 
out of the PG training institutions, it is one of a mixed feeling. Majority 
of the institutions train the students in providing comprehensive eye 
health care with a limited skill on using basic diagnostic equipments. 
Their ability to perform independent surgery is varied depending upon 
the turn over of such cases in the training institutions. The remark 
made by Mr. Jeffrey K.Parker that ‘80% of ophthalmic practice in India 
is in the hands of 20% of ophthalmologist’s’. It doesn’t reflect on the 
training process but does reflect on the aptitude, career options and 
interest being shown in expanding their knowledge during post PG 
training.
 The wide options that are now available to the ophthalmologists 
of today is something unimaginable compared to the availability of one 
or two decades back. Increased availability of disposable income to the 
consumers has made them to start looking forward to achieve a ‘quality 
life’ and the top most priority being good vision for both distance and 
near. Common people do not mind spending an additional few hundred 
and thousand rupees to get what they want. The concept of group 
practice which was on trial for a long time has become a reality both in 
urban cities and semi-urban areas. This allows the scope to practice in 
the chosen field with more precision and accuracy. This type of practice 
allows flexibility to spend time on attending conferences and seminars 
and also provides leisure time to attend to the needs of the family too 
as it is often said ‘that the first casualty of a successful physician is his 
family’. 
 Effects of globalisation has moved the financial market eastwards 
with availability of capital funds for entrepreneurial ophthalmologists 
and the need of the hour is efficiency, knowledge and smartness to 
succeed. A few corporate sectors have moved into the field of eye care 
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and brought in a new business model colliding with ophthalmologists 
as working partners. Further, in these days of globalization, the highly 
talented and efficient young ophthalmologists are going to transcend 
the boundaries of nation by providing quality eye care to the people of 
the world across and will become the brand ambassadors.
 World Report survey has stated that ‘the good news is that 
residency programs are providing young ophthalmology doctors with 
the basic skills of general ophthalmology, giving them a solid clinical 
foundation for further development once they have launched their 
careers’.  I am reminded of what Mr. John Shaw has said in 1984 that 
‘the education of a doctor which goes on after he has his degree is, after 
all, the most important part of his education’. I wish to remind that in 
learning to become a good ophthalmologist one has to work hard, and 
devote oneself to medicine to the near exclusion of everything else in 
life.

Dr. Ananda Kannan - Guest Editorial



Amniotic Membrane Transplantation
Dr. Himanshu P. Matalia, Dr. Rohit Shetty

COVER STORYCOVER STORY

Introduction:
 Amniotic Membrane Transplantation (AMT) had brought in a 
major change in the paradigm of ocular surface reconstruction and 
corneal surgeries. However, the AMT has evolved significantly in 
last decade from the “wonder membrane” of corneal surgeons to its 
panopthalmic usage. 
 De Roth (1940) first reported the use of fetal membrane (amnion 
and chorion) & Sorsby & Symmons (1946) first used Human Amniotic 
Membrane (HAM) for the ocular surface reconstruction. The credit for 
re-introduction of the AMT to the ophthalmology goes to Kim and Tseng 
(1995).

The structure of amniotic membrane
 The Human Amniotic Membrane (HAM) which is the innermost 
layer of the placenta, is composed of three basic layers –
 Epithelial: single cell layer 
 Basement membrane: contains collagen I, II, III, IV, V & VII. 
Histochemically resembles more closely to conjunctiva. 
 Stroma: Thickest, sticky and the strongest layer. Gives tensile 
strength to the membrane.

Mechanism of actions of HAM
 There are various mechanisms of actions of HAM reported in 
literature of which the important ones are:

Consultant, Cornea, Refractive Surgery & Ocular Surface
Director: Stem Cell Laboratory, Narayana Nethralaya-2
Narayana Health City, #258/A, Bommasandra, Hosur road, Bangalore
Phone: +91-9900281045 / e-mail: drhimanshumatalia@yahoo.co.in



June 2009 15

A. The basement membrane of HAM is the thickest and the strongest in 
the human body. It helps to promote epithelial migration, maintains 
the proliferating capability of the progenitor cells & prevents 
apoptosis. 

B. Stromal matrix suppresses TGF B and in turn reduce scarring when 
used for conjunctival reconstruction, following pterygium removal 
and reduces corneal haze when applied on a corneal epithelial defect. 
The stromal matrix also suppresses inflammatory cytokines thus 
provides the anti-inflammatory action when used in acute phase. 

C. HAM also works like a biological contact lens when applied on the 
corneal epithelial defect by preventing the influx of inflammatory 
cells which produces MMPs and proteases. 

D. Most importantly, it provides a new basement membrane, over which 
newly growing epithelial cells can migrate. 

HAM procurement, processing and preservation
 Following adequate informed consent, HAM is obtained only 
from the donors undergoing planned Caesarean section, who have 
been screened and are negative for communicable diseases including 
HIV, Hepatitis B, Hepatitis C and Syphilis. The commonest protocol 
followed for the processing and the preservation is the one described 
by Tseng et al. The process starts with the thorough cleaning of the 
donor placenta with balanced salt solution containing antibiotics (50µg/
ml penicillin, 50µg/ml streptomycin, 100µg/ml of neomycin as well as 
2.5µg/ml of amphotericin B) under sterile conditions till entire blood is 
removed. The amnion is then carefully separated from the chorion by 
blunt dissection and placed on nitrocellulose paper with the epithelial 
side up, which in turn is cut into different sizes depending upon the 
indications for usage. HAM pieces on nitrocellulose paper are then 
preserved in Dulbecco Modified Eagles Medium/glycerol (1:1), which 
is stored at -80º C until further use. The sample of HAM & medium is 
sent for sterility check.  Following the negative sterility check report 
HAM is ready for usage. From a single placenta nearly 30-45 pieces 
of HAM, which are suitable for ophthalmic surgeries can be prepared. 
At -80º C HAM can be stored for 6 months. Both fresh and preserved 

Dr. Himanshu P. Matalia - Amniotic Membrane Transplantation
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amniotic membrane have been found to function equally well when 
transplanted on to the ocular surface.  

Surgical techniques of AMT
 Inlay or graft technique: In this technique the HAM is cut to the 
size of the epithelial defect, hence it fits into the epithelial defect when 
applied. It merges with the host tissue and allows the surrounding 
epithelium to grow over it. It is also referred to as a graft. 
 Overlay or patch technique: In this technique the HAM taken 
is larger than the defect size, which covers the defect when applied. 
Here HAM works as a biological contact lens and protects the healing 
surface underneath. Also it reduces the influx of inflammatory cells 
and chemical mediators of inflammation from tear film thus prevents 
the possible tissue melt. 
 Multi-layered technique: This technique is useful in case of tissue 
loss, which requires to be restored by “stuffing in” of HAM or multi-
layered HAM, which is placed like an inlay, over which an overlay is 
placed.
 Suturing techniques: HAM can be secured to the ocular surface by 
different methods according to the indications. However, the overlay 
patch can be best secured to the ocular surface by placing circumferential 
sutures with 10-0 nylon. The periphery can be sutured to the conjunctiva 
with 8-0 Vicryl sutures. HAM can also be secured to the ocular surface 
with the help of fibrin glue.

Indications of AMT

A. Conjunctival surface reconstruction

1. Pterygium surgery: Recurrent pterygium, pterygium with extensive 
corneal involvement, double head pterygium, to cover the donor 
area

2. Chemical or thermal burns: Acute phase not resolving with the 
medical treatment

3. Symblephara release
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4. Fornix formation
5. Following conjunctival tumor excision: To cover large bare sclera
6. Repair of leaking blebs
7. Conjunctivochalasis repair
8. Acute phase of Steven Johnson Syndrome
9. Socket reconstruction
B. Corneal surface reconstruction
1. Acute chemical or thermal injury: Non-healing epithelial defect 
with medical treatment, signs of stromal melting 

2. Persistent epithelial defects
3. Non-healing stromal ulcers: HSV, neurotrophic etc.
4. Partial or focal limbal stem cell deficiency
5. Painful bullous keratopathy
6. Band keratopathy

C.  Stem Cell transplantation

1. Ex-vivo cultured limbal stem cell transplantation: as a substrate for 
the cells to grow and maintain their stemness

2. Live-related Conjunctivo-Limbal Allograft:as an adjuvant to the 
donor graft

3. Cadaveric Keratolimbal Allograft: as an adjuvant to the donor 
graft.

Conclusion:
Amniotic membrane transplantation is fairly simple procedure, which 
is extremely helpful in reconstruction of the ocular surface. 

Case report 
A 24 year old gentleman presented to us with an acute thermal injury 
with molten aluminum in his left eye. There was a large corneal epithelial 
defect with conjunctival defect and limbal ischemia in inferior half, 

Dr. Himanshu P. Matalia - Amniotic Membrane Transplantation
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which did not show signs of healing with adequate medical treatment. 
He underwent multi-layered amniotic membrane transplantation with 
an overlay of amniotic membrane. The ocular surface healed with severe 
symblephara and partial limbal stem cell deficiency. At the second step 
we took the limbal biopsy from superior normal area of the same eye, 
which was cultured in the stem cell laboratory for 2 weeks. Finally we 
performed the ocular surface reconstruction in the form of cultivated 
limbal stem cell transplantation with symblephara release and forniceal 
reconstruction. Following the surgery the patient is comfortable with 
the ocular surface perfectly stable.

Figure 1:  Case of partial limbal stem cell deficiency with severe symblephara following 
thermal injury.
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Figure 2: Postoperative appearance of the same case following pannus resection, 
symblephara release and transplantation of autologous cultivated limbal stem cell grown 
on an amniotic membrane with forniceal reformation. The figure shows stable ocular 
surface and excellent outcome.
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Retinopathy Of Prematurity (ROP) –  
The Growing Menace!

Dr. Vasumathy Vedantham

 Retinopathy Of Prematurity (ROP) is an unique disorder of 
abnormal and aberrant vasculogenesis occurring in the preterm 
infants. It was first described by Terry in 1942 who diagnosed a distinct 
form of membrane formation behind the crystalline lenses of pre-term 
infants and termed it as retrolental fibroplasia. From 1943 to 1951, 
approximately 7000 infants in the U.S were blinded by ROP. Kinsey in 
1956 attributed its development to oxygen therapy given to premature 
infants that lead to a widespread panic reaction. This was followed by 
a massive curtailment of oxygen administration to less than 40%, with 
the resultant increased morbidity and mortality of the preterm infants. 
Owing to this, and a better understanding of the pathogenesis of ROP, 
the practice of restricting the oxygen was later abandoned, with the 
institution of monitored oxygen if the general condition of the infants 
demanded the same. The emphasis shifted from curtailment of oxygen 
to screening of at-risk infants for ROP. 
 The International Classification of Retinopathy of Prematurity 
(ICROP) and the Trial of Cryotherapy for Retinopathy of Prematurity 
(CRYO-ROP) have had a profound impact on the way in which we screen, 
treat and even discuss ROP. Screening and treatment approaches 
continue to evolve, and there have been significant advances in the 
management of the hitherto-thought-to-be-untreatable ROP related 
retinal detachment. 

Medical Director and Consultant Vitreoretinal Surgeon,
Radhatri Nethralaya, 12, Hindi Prachara Sabha Street, T. Nagar.
Website: www.radhatrinethralaya.com 
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Epidemiology
 In the CRYO-ROP study, the incidence and severity of ROP was 
closely correlated to lower birth weight and early post-conceptional 
age. As technologic advances have made possible increased survival for 
extremely premature infants, it would seem likely that the number of 
infants with ROP is likely to increase. Several studies have suggested, 
however, that the increased survival rate of high-risk neonates has 
not been associated with a universal increase in the incidence of ROP. 
This trend may reflect improvements in ventilation techniques and 
perinatal care, specifically the prophylactic use of surfactant and the 
maternal use of antenatal steroids. Nonetheless, this improved survival 
rate of extremely premature infants has had a profound impact on the 
ophthalmic community. The incidence of ROP in various Indian studies 
varied from 38% to 51.9%. We are currently facing what is referred to 
as the third epidemic of ROP, in India.

Pathogenesis

Role of oxygen:
 A relationship between oxygen levels and ROP has been suspected 
for one-half a century. In recent years, results of experiments with 
animal models and epidemiologic studies have brought the complexity 
and paradox of this relationship to light. 
 Ashton and co-workers found that the high levels of oxygen caused 
vasoconstriction and also had a direct toxic effect on the proliferating 
endothelium and caused irreversible obliteration of the developing 
vessels. They proposed a biphasic response of the developing vasculature 
to high levels of oxygen. 
 (1) Hyperoxia-Vasocessation: initial vasoconstrictive phase of 
the major vessels resulting in vaso-obliteration of the capillaries dur-
ing hyperoxia. This period corresponds to the time frame immediately 
after the birth of a preterm child which receives high concentrations of 
oxygen in the NICU (Neonatal Intensive Care Units). At this time the 
tissue requirement of oxygen is low due to the extraneous administra-
tion of oxygen, and hence there is no stimulus for production of vasofor-
mative substances that would inturn stimulate vessel formation. ROP 
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thus seldom develops during the first two to three weeks of life. 
 (2) Hypoxia-vasoproliferation: a vasoproliferative phase resulting 
in the formation of new vessels in response to angiogenic substances 
secreted by ischemic retina during withdrawal of oxygen. In order to 
clearly establish the nexus between ROP and oxygen, the Supplemental 
Therapeutic Oxygen for Prethreshold ROP (STOP-ROP) study, a 
multicenter clinical trial was begun in 1994. It aimed to determine the 
efficacy and safety of supplemental oxygen administered to premature 
infants to reduce the progression to threshold ROP. Six hundred forty 
nine premature infants with prethreshold ROP in at least one eye 
were randomized to a conventional arm (with pulse oximetry targeted 
at 89% to 94% oxygen saturation) or to a supplemental arm (96% to 
99% oxygen saturation). The progression to threshold ROP was lower 
in the supplemental arm (41% versus 48%), but not to a statistically 
significant degree. Subgroup analysis did show, however, that infants 
without plus disease and without severe lung disease may benefit from 
supplemental oxygen (32% progression in the supplemental arm versus 
46% progression in the conventional arm). 
Role of VEGF & IGF-I:
 High levels of oxygen (corresponding to maturing, vascularized 
retina as well as high concentrations of administered oxygen) decreases 
VEGF expression and leads to regression of retinal capillaries, whereas 
relative hypoxia induces a prompt increase in VEGF expression and 
may contribute to abnormal angiogenesis. 
 A role of Insulin like Growth Factor I (IGF-I) has also been suggested 
by several studies. The development of ROP is strongly associated with 
a prolonged low plasma level of IGF-I, and there is ongoing research as 
to whether ROP could be prevented by briefly upregulating IGF-1.
Miscellaneous factors
 Hospital nursery lighting is an additional variable that has 
been suspected to contribute to ROP. In the recent Light Reduction in 
Retinopathy of prematurity (LIGHT-ROP) study, involving 361 infants 
weighing less than 1,251 g, a reduction in exposure to ambient light 
did not alter the incidence of ROP. 
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Genetic factors may also play a role in the development of severe ROP 
in a subset of premature infants. 

Clinical features
 The fundamental process underlying the development of ROP 
is incomplete vascularization of the retina, and the ophthalmoscopic 
findings stem from this arrested development. During normal retinal 
development, vessels migrate from the optic disc to the ora serrata 
beginning at approximately 16 weeks of gestation, with vasculogenesis 
transforming the precursor cells to capillary networks. Mature vessels 
differentiate from these networks and extend to the nasal ora serrata 
by 36 weeks of gestation and to the temporal ora serrata by 39 to 41 
weeks. 

Classification
 An international classification was proposed in the year 1984 by 
the committee constituted for the classification of ROP.
 Zones of involved retina: The retina was divided into zones 
to facilitate uniformity of diagnosis and treatment amongst the 
ophthalmologists.
Zone I is a circle centered on the disc, whose radius is twice the distance 
from the disc and the macula. It includes 60 degrees of the fundus 
around the disc.
Zone II extends from the edge of zone I peripherally to the ora serrata 
nasally. Temporally it extends to approximately the anatomic equator 
of the globe.
Zone III consists of the residual area temporally between zone II and 
the ora serrata.
As a consequence of the increased survival rate of high-risk neonates, 
ROP located in posterior zone II or in zone I is now commonly 
encountered. 
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Fig 1: The extent of various Zones used to describe ROP in a right eye

Extent of ROP:
 The extent of the disease is specified by the number of the clock 
hours of the retina involved.

Staging:
 The fundus changes are divided into five stages. The staging for 
an eye as a whole is determined by the most severe manifestation.
 Stage 1: Demarcation line: It is the first sign that can be 
recognized by ophthalmoscopy. It is a flat, white line that separates 
posterior vascularised retina from the anterior avascular retina. The 
terminal retinal vessels end in a brush-like fashion at the line.

Fig 2: Stage 1 ROP with demarcation line separating avascular retina on left side from 
the vascular retina on right side.
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Stage 2: Ridge: The demarcation line gains height, width and volume. 
It appears raised from the retinal surface and the vessels leave the 
surface of the retina to enter the ridge. The ridge may be white or pink 
in colour with small tufts of new vessels (popcorn lesions) seen located 
posterior to it.

Fig 3: Stage 2 ROP with ridge separating avascular retina on left side from vascular 
retina on right side

Differentiating features between postoperative 
inflammations, infection and TASS have been enumerated 
below:

Signs & 
Symptoms

TASS Postop 
Infection

Postop 
Inflammation

Onset 12-24 hours 2-7 days 12-24 hours
Pain + +++ +
Corneal oedema +++
Limbus to Limbus ++
Specific to area of 
trauma

+

IOP Elevated Normal Normal
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Stage 3: Ridge with extraretinal fibrovascular proliferation: 
This stage is characterized by the development of fibrovascular tissue 
proliferating from the posterior edge of the ridge into the vitreous 
cavity.

Fig 4: Stage 3 ROP showing a ridge with extraretinal fibrovascular proliferation

Stage 4: Partial retinal detachment: This stage is characterized 
by the presence of stage 3 features associated with definite retinal 
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Anterior chamber 
inflammation

Moderate-
to-severe 
Hypopyon

Moderate-
to-severe 
Hypopyon 
present (75% 
of the time)

Moderate to 
severe

Vitritis Very rare Always 
present

May be present

Pupil Fixed and 
dilated

Reactive Reactive

Lid swelling Usually not 
evident

Often present +

Visual loss ++ ++ +
Response to 
steroids

Dramatic 
improvement

May worsen Excellent
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detachment. Both exudation and the traction may cause the retinal 
detachment at this stage. Based on the morphology, location and extent 
of the retinal detachment, this stage is further sub-divided into:
 Stage 4A: This stage constitutes extrafoveal, concave shaped 
tractional retinal detachments involving the peripheral retina. These 
detachments can be segmental or circumferential. Visual prognosis at 
this stage is relatively good.
 Stage 4B: This stage includes partial retinal detachments 
involving fovea seen as a fold extending from disc through zone I, II 
and III (Fig 5). Visual prognosis is very poor in this stage.

Fig 5.) ROP with a retinal fold across the macula.

 Stage 5: Total retinal detachment: This stage has a total funnel 
shaped retinal detachment. The funnel can be (posterior to anterior): 
open-open, open-narrow, narrow-open or narrow-narrow.
 There is another easily recognizable feature that indicates 
the severity of ROP, referred to as “Plus” disease (Fig 6). This is 
characterized by increasing dilatation and tortuosity of the retinal 
vessels in the posterior pole, iris vascular engorgement, pupillary 
rigidity and vitreous haze all of which indicate progressive vascular 
incompetence. It is denoted by adding the sign + after the stage of ROP 
(eg: Stage 3+ROP).
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Fig 6: Dilatation and tortuosity of retinal vessels denoting plus disease.

 “Rush” disease: Rush disease is a severe type of ROP seen in 
very small babies. It refers to Zone I ROP with signs of Plus disease. 
Progression of ROP is very rapid in Rush disease.
 Threshold ROP: It is the “treatable ROP” as per the CRYO-
ROP study. It is defined as Zone I or Zone II ROP with Stage 3+ extending 
for 5 continuous or 8 cumulative clock hours. It carries a high risk of 
visual loss (50% blindness if untreated at this stage).
 The determination of threshold ROP in the CRYO-ROP study 
sought to define that severity of ROP for which a given eye had an 
equal chance of spontaneous regression or progression to unfavorable 
outcome (defined anatomically as the presence of a macular fold, retinal 
detachment involving zone I, or obscuration of the posterior pole by 
cataract or retrolental fibrosis and later defined as Snellen equivalent 
of 20/200 or worse). 
 Pre-threshold ROP: It is of two categories: High risk and low 
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risk. High risk prethreshold ROP is defined as Zone I ROP of any stage 
with plus disease, Zone I stage III ROP with or without plus disease, 
Stage II or III ROP in Zone II with plus component; (stage III but 
not reaching threshold clock hours). It is the “treatable ROP” as per 
the ET-ROP (Early treatment of Retinopathy of prematurity) study: 
the point at which treatment should be administered. The rest of the 
presentations of ROP are classified as low risk prethreshold ROP and 
the babies are followed-up. 
 Aggressive Posterior ROP (AP-ROP) or Fulminate ROP: It 
is an uncommon type of ROP that does not show the classical fibrous 
landmarks of the conventional (type I) ROP, such as ridge, demarcation 
line, etc. It is characterized by peculiar brush like vessels with terminal 
nodes, hemorrhages especially in the nasal part of the posterior fundus. 
Its hallmark is a rapid, fulminant progression to vitreous hemorrhage 
and retinal detachment. 

Differential Diagnosis
Stage 1 to 3: 

1. Familial Exudative VitreoRetinopathy (FEVR)
2. Atypical Coat’s disease
3. Eale’s disease
4. Retinoschisis
Stage 4 & 5:

1. Retinoblastoma
2. Persistent hyperplastic vitreous
3. Congential cataracts
4. Norrie’s disease

Management of ROP 
 The management of ROP begins with a reliable evidence-based 
screening protocol. Hospital officials, nursery personnel, neonatologists 
and ophthalmologists all have areas of responsibility in ensuring 
adequate screening.
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Screening
Let us address several questions:

Whom to screen?
 In the west, ROP, at least of the threshold variety is not seen in 
higher Birth Weight (BW) babies! Therefore, larger babies generally 
are not screened since the incidence of treatable ROP is low and 
these infants have been observed to have a generally good outcome 
even without treatment. The American Academy of Pediatrics (AAP) 
recommends screening of infants born ≤ 28 weeks Gestational Age (GA) 
and or ≤ 1500 gms BW (regardless of supplemental oxygen); 1500-2000 
gms BW if supplemental oxygen was administered and the infants had 
an unstable clinical course. In contrast, ROP is seen in larger, bigger 
BW babies in Asia and other developing countries. While partly this 
might reflect the failure of very small infants to thrive, other factors 
such as perhaps the quality of neonatal care that has lead to a decline 
of ROP in the west is lacking here.
 A reasonable guideline of screening babies born at ≤ 34-35 weeks 
Gestational Age (GA), and or BW 1500 gms (or even upto 1700 gms) and 
or exposed to oxygen for more than 30 days exists in India. As a higher 
cut off limit, Jalali et al have recommended screening babies born ≤ 37 
weeks GA and or BW 2000 gms in the presence of a high sickness score 
in order to prevent missing any infant with threshold ROP.
When to screen?
 The AAP recommends screening of all eligible babies at 4-6 weeks 
Chronologic Age (CA) or 31-33 weeks PostConceptional Age (PCA) 
whichever is later. It has been recommended that with regard to the 
Indian scenario to screen at 31 weeks PCA or 3-4 weeks CA whichever 
is earlier (in contrast to the AAP guidelines that mentions later, when 
it is to be decided between choosing the PCA and the CA). Initial 
examinations are usually not needed within the first 2 weeks after 
birth. 
 It is good to follow the day 30 strategy: All infants at risk should 
be screened at or before day 30 of their life. Very small infants (<750 
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gms, <27 weeks GA) should be screened at or before day 20 of their life 
(Day 20 strategy) since they are at risk for developing Fulminate ROP 
very early.
Why screen early in India?
 As per the CRYO-ROP study, Stage I ROP begins at around 34 
weeks PCA, although it could be delayed till the 39th week as well, 
while threshold ROP is usually seen at 36.6 weeks PCA, (32-42 weeks, 
variation). In Asian countries the entire sequence of events occurs 1-
2 weeks earlier. Hence if the first exam is at 32 weeks PCA, it is the 
earliest age (even by Indian and Asian standards) for early significant 
ROP to occur and hence could be detected prior to its reaching the 
threshold stage. Moreover, since ROP is seen in heavier and larger 
babies in India that have consequently a shorter window period for 
development of ROP earlier examinations are essential, in contrast to 
the West wherein threshold ROP is seen in smaller babies that have a 
longer window period to develop ROP. Hence, an examination carried 
out later would suffice in the west but would lead to a lot of missed 
babies with ROP in India.
How to screen?
 Indirect ophthalmoscopy is the gold standard for screening (Fig 7). 
Dilatation is achieved by 0.2% or 0.5% cyclopentolate or 1% tropicamide 
and 1% or 2.5% phenylephrine drops (double diluted tropicamide-
phenylephrine combination diluted with artificial tears is ideal). Lid 
speculum suitable for premature infants is applied. A wire vectis could 
be used to gently move the eyeball in various quadrants and to view 
the perioral retina. Fundus examination is performed using binocular 
indirect ophthalmoscope and a 20 D/28 D/30 D lens.
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Fig 7: ROP screening in progress.

It is useful to follow this table. 
Whom to screen •  All infants with a birth weight <2000 

gms
•  All infants born at a gestational age of 

35 weeks or earlier
•  All infants weighing between 2000 

and 2500gms requiring supplemental 
oxygen, or with an unstable clinical 
course and who are thought to be at high 
risk.

Initial examination • By Day 30 of life.
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When to follow up •  Weekly; retinal vessel immaturity with 
vessels ending in zone I but no ROP in 
that zone or low risk prethreshold ROP

•  Every 2 weeks: less than prethreshold 
ROP in zone II

•  Treat: High risk prethreshold ROP 
How long to examine •  Attainment of 45 weeks postmenstrual 

age without the development of 
prethreshold ROP or worse

•  Progression of retinal nevoascularisation 
into zone III without previous zone II 
ROP

•  Full vascularisation (to or within 1 
disk diameter of the ora serrata) on 2 
occasions

 Telemedicine (i.e., on-site acquisition of clinical data relayed 
to a remote site for interpretation) offers an opportunity to conquer 
some of these barriers. A trained technician can acquire digital fundus 
images using a Retcam from at risk infants in a neonatal intensive care 
unit, followed by transmission to a regional reading center. Trained 
certified graders could provide timely and cost effective input into ROP 
management, identifying infants requiring on-site examination or 
treatment. 

Management
 ROP management is three pronged and involves prevention, 
interdiction and correction. 
 Prevention: It includes adequate prenatal care which minimises 
premature birth, and appropriate systemic intensive care which 
lessens the tissue hyperoxia/hypoxia swings. Pharmacological vitamin 
E supplementation is controversial and ambient light reduction has 
been shown to be ineffective. The value of inositol supplementation 
and angiogenesis inhibitors in preventing ROP is presently under 
investigation. 
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 Interdiction: Concentrates on ablation of the peripheral avascular 
retina, thus dramatically decreasing VEGF production. Supplemental 
oxygen administration has so far proven ineffective in limiting ROP 
progression.
 The conventional treatment pattern is best described as nearly 
confluent width burns placed 0.5 to 1 burn width apart, ablating the 
entire avascular retina (Fig 8). Complications of laser treatment include 
anterior segment ischemia, cataract, and burns on the cornea, iris or 
tunica vasculosa lentis. Indications for using cryopexy instead of laser 
in the management of ROP include poor fundus visibility (vitreous 
hemorrhage or anterior segment problems), lack of availability of 
laser, and lack of treating physician familiarity with indirect laser 
retinopexy.

Fig 8: Laser marks in an ablated retina with regressed ROP

 There is growing interest in the use of anti-VEGF injections in 
severe ROP either as an adjunct to laser in unresponsive cases, prior 
to vitrectomy in highly vascular retinopathies, or even as a primary 
treatment. However, these are early times, and the risk of infection, 
administration of general anaesthesia, and accelerating fibrosis and 
traction in such eyes should be carefully weighed against the proposed 
benefits. There is no doubt that even today, laser is a safer modality 
and should be considered as the gold standard for treatment of ROP. 
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Correction:
 Finally, correction focuses on vitrectomy/retinal detachment repair. 
While anatomically successful, this procedure is often unsuccessful 
in terms of restoration of vision (<5% success rate). Although retinal 
ablation is effective in most cases of threshold ROP, a significant number 
of these eyes progress to retinal detachment. Detachment is often seen 
associated with areas of incomplete peripheral ablation (skip areas) or 
in eyes with inexorably progressive, usually postequatorial (posterior 
zone II or zone I) disease.
 Contraction of neovascularization along the ridge and growth 
into the overlying vitreous precede tractional retinal detachment. 
Condensation of vitreous into sheets and strands act as a scaffold for 
further extension of the fibrovascular tissue. Traction along the retinal 
surface and contraction of the posterior hyaloid face contribute to 
distortion of posterior pole architecture. The configuration of the retinal 
detachment in ROP depends primarily on the location of the ridge. 
Such detachments, especially stage IV A & B are primarily managed 
by vitrectomy (either lens sparing or with lensectomy) or buckling. 
Traction exerted by the extraretinal fibrovascular proliferation plays 
an important role in most of the retinal detachments that develop 
in advanced stages of ROP. Vitrectomy provides an opportunity to 
relieve this traction, resulting in settling of the retinal detachment. 
Encouraging results have been obtained in early vitrectomy for stage 
5 ROP with open funnel retinal detachments. However, with closed 
funnel detachments, the results were found to be poor. Lens sparing 
vitrectomy is being increasingly employed for stages IVA and B, with 
moderate success. 

Rehabilitation 
 All the children who have developed ROP which has either 
spontaneously regressed or following laser need to be followed-up 
lifelong and accessory conditions such as amblyopia, glaucoma, squint, 
refractive errors appropriately treated.
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Conclusion
In conclusion, despite improvements in neonatology, ROP, potentially 
leading to blindness, continues to be a common problem associated 
with prematurity. Future studies to improve management success 
must concentrate on discovering new modes of treatment, especially 
prevention.
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The scope of the problem
 About 80% of cataract / IOL patients have a preoperative 
astigmatism of 1.5 D or less, approximately 13% have a preoperative 
astigmatism with-the-rule or oblique greater than 1.0D and another 
7% have an against-the-rule astigmatism greater than 1.5D.  “Residual 
permanent astigmatism of 1.0D or less after cataract extraction is 
a reasonable and acceptable goal”.  A patient with this amount of 
astigmatism can obtain an uncorrected visual acuity of about 20/30 
with a spherical equivalent near zero.
 Wound length directly relates to induced against-the-rule 
astigmatism. The shorter the wound the less possible effect on the 
resultant corneal astigmatism.  It is obvious then, that small incision 
cataract IOL surgery, if it does not affect the astigmatism due to it’s 
short length, solves the problems of possible post-operative astigmatism 
in approximately 80% of patients. 

Assessment, Corneal Topography
 Hayashi  et  al, examined the correlation between incision size and 
corneal shape changes in sutureless surgery using corneal topography.  
They studied 200 eyes randomly assigned to 3 groups  (A-3.2 mm, B-4 
mm and C-5 mm, incision size); each of the patients underwent a scleral 
tunnel sutureless  incision, phacoemulsification, and implantation of 
a foldable IOL. In the first two groups a foldable IOL was used, and 
a PMMA IOL in the 5.0 mm group.  Corneal topography was carried 
out pre-operatively, and post-operatively at 1 week, and at 1, 3 and 6 
months.
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 The corneal shape changes were evaluated using the average 
of difference map.  This map shows the surgically induced changes 
in the corneal shape by subtracting the topographic data of the 
preoperative averaged map from those of the post-operative averaged 
map.  For the average of difference maps of eyes in Group A (Fig. 1 
A), a marked flattening of the peripheral cornea around the wound,  
which extended to the upper peripheral cornea, was found 1 week after 
surgery.  However, the flattening then decreased rapidly by 1 month 
after surgery.  Subsequently no significant changes were observed in 
the central cornea, throughout the 6 month follow-up periods, except 
for some minor changes or possible artifacts.
 For those eyes in group B (Fig. 1 B), the wound related peripheral 
flattening, which extended widely to the upper cornea, was found 1 week 
after surgery.  This flattening then decreased rapidly by 1 month after 
surgery.  No significant changes were observed in the central cornea 
at 1 week and at 1 and 3 months after surgery.  However an irregular 
steepening in the central cornea occurred 6 months after surgery, which 
was present mainly in the lower portion, but also partly extended to the 
upper portion.  For those eyes in group C (Fig. 1C), the wedge-shaped 
flattening of the peripheral cornea around the wound was prominent 
at 1 week and 1 month after surgery, but it gradually decreased by 3 
months after surgery.  An irregular steepening in the lower cornea, 
which probably coupled with the wound-related flattening, occurred 
at 1 week and 1 month after surgery.  This coupled steepening in the 
lower cornea persisted and later extended to the upper central cornea 
at 3 and 6 months after surgery.
 The topographic analysis clarified the differences in the corneal 
shape among the three groups.  In the 3.2 mm incision group, no 
significant changes were observed in the cornea after 1 month.  Thus, 
the corneal shape virtually recovered to it’s pre-operative shape.  Similar 
steepening in the lower cornea occurred in both the 4 mm and 5 mm 
incision groups, although it was much more prominent in the 5 mm 
incision group.  Consequently, the corneal shape did not recover it’s 
preoperative shape in both the 4 and 5 mm incision groups. Thus the 
maximal incision size that did not induce any significant corneal shape 
changes, was approximately 3.2 mm. 
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Fig. 1.A: Periodic changes in the average of the difference map. 

Fig. 1.B: 4.0 – mm incision. 
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Fig. 1.C: 5.0 mm incision. 

 (A) In the average of the difference map of the eyes after the 3.2-
mm incision, a marked flattening of the peripheral cornea around the 
unsutured wound, which extended to the upper peripheral cornea, was 
found 1 week after surgery, but it then decreased rapidly by 1 month 
after surgery. No significant changes were observed in the central 
cornea throughout the 6 - month follow-up periods, except for some 
minor changes or possible artifacts. 
( B) In the average of difference map of the eyes after a 4.0 - mm 
incision, the wound related flattening of the peripheral cornea, which 
extended widely to the upper cornea, was found 1 week after surgery, 
but it decreased rapidly thereafter. No significant changes were found 
in the central cornea up to 3 months after surgery. However an irregular 
steepening ocurred in the lower cornea 6 months after surgery.
 (C) In the average of difference map of the eyes after a 5.0 - mm 
incision , the wedge-shaped flattening of the cornea around the wound 
was prominent 1 week and 1 month after surgery, but it decreased 
gradually by 6 months after surgery. An irregular steepening occured 
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in the lower cornea 1 week and 1 month after surgery. This steepening 
in the lower cornea persisted and then even extended to the upper 
cornea at 3 and 6 months after surgery.

Superolateral Incisions
 It has been reported that a lateral or superolateral incision can 
decrease and quickly stabilize Surgically Induced Astigmatism (SIA), 
although the reasons for this are unclear.  Hayashi et al compared 
superior (Group 2) with superolateral incisions (Group 1) in IOL 
patients who underwent a 3.5 mm beveled incision, 0.5 mm posterior 
to the surgical limbus, followed by endocapsular phacoemulsification, 
enlargement of incision to 6.5 mm and insertion of a posterior chamber 
IOL with a 6.0 mm optic.  The wound was closed by 3 interrupted 10-0 
nylon sutures.  The patients were followed up using keratometer and 
computerised corneal topography.
 Group 1 had significantly less induced astigmatism throughout 
the six month follow up than Group 2.  The patients in Group 1 also 
had less standard deviation throughout the follow-up than the patients 
in Group 2.  This indicates that SIA in Group 1 was less variable than 
in Group 2.
 Two types of corneal topographic maps were used to illustrate the 
postoperative corneal shape alterations : colour coded maps ‘averaging’ 
all corneas at each interval and absolute scale maps of individual cases.  
The averaged maps of Group 1 patients show a slight steepening in 
the central cornea in the 10 o’ clock meridian, one week after surgery.  
There were no remarkable changes in the peripheral cornea.  The 
surgically induced steepening in the central cornea disappeared within 
one month after surgery.  Consequently, in Group 1, the averaged maps 
of the corneas, after 1 month were virtually the same as the map of 
preoperative corneas.  
 The averaged maps of Group 2 patients show a marked steepening 
of the upper and lower corneas, in the vertical meridian, one week after 
surgery.  This induced steepening gradually decreased but remained 
upto three months.  The averaged map of the corneas at six months after 
surgery, was almost the same as the preoperative map (as compared to 
one month, Group1).
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 Absolute scale maps of a patient in Group 1 reveal remarkable 
changes in the corneal shape after surgery. There was prominent 
corneal steepening in the 10 o’ clock meridian and the map shows an 
asymmetric horizontal bow-tie configuration one week after surgery.  
This steepening quickly disappeared; at three and six months after 
surgery the cornea had almost recovered it’s pre-operative shape, 
although a focal steepening in the horizontal meridian remained (Fig. 
2).  In Group 1, 19.7% of corneas showed this prominent steepening, 
just after surgery.

Fig.2:  (Hayshi) Absolute scale maps of a cornea in the superolateral incision group: 
Preoperatively (A) and at one week (B) and one month postoperatively (E)

Fig.3: (Hayshi) Absolute scale maps of a cornea in  the superior incision group: 
Preoperatively (A) and at one week (B) and one month postoperatively (E) 

 Fig.- 3  shows a patient from Group 2.  Marked steepening of the 
upper and lower corneas occurred at one week and is shown as a vertical 
bow-tie configuration.  The steepening did not change substantially 
during the six month follow up. In Group 2, 68.4% of corneas, showed 
this marked corneal steepening.
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 Thus, superolateral incision cataract surgery induced minimum 
changes in the corneal shape, as well as SIA, and the changes decreased 
quickly and stabilized in the early postoperative period.  One cannot 
explain why the induced corneal shape changes are less with the 
superolateral approach.  The differences between the semilateral and 
superior incision surgery were only related to the wound site.  There are 
a few anatomical differences between the horizontal and the superior 
limbus.  Alternatively, some unknown physiologic and/or optical factor 
may exist.  The rapid stabilization with the superolateral incision 
appeared to be rather easy to explain.
 Continuous stroking of the upper eyelid causes pressure on the 
superior corneoscleral wound.  Therefore corneal distortion by the 
superior wound persists longer.  A superolateral incision is relatively 
free from such eyelid pressure and corneal shape changes stabilize 
faster.  Thus, superolateral incision surgery appears to have advantages, 
although the exact mechanism remains unproven.
 The temporal location has been shown to be the most astigmatically 
stable of these three locations, achieving stability almost immediately and 
maintaining stability for life or until further astigmatic interventions.  
First, the temporal location is farthest from the visual axis, and so 
there will be less impact on the corneal curvature at the visual axis.  
Second the wound is parallel to the effects of both lid blink and gravity.  
The temporal location has an added advantage in that it provides the 
easiest anatomic access to the surgical site, being unimpeded by the 
bony orbital rim.

Astigmatism Correction:
 Theoretically, there are two ways to correct regular astigmatism.
• Steepen the flatter meridian of the cornea or
• Flatten the steeper meridian of the cornea.
Clinically, however the only quantifiable, long term method of 
astigmatism correction, is to flatten the steeper meridian i.e. increase 
the radius of curvature of the stronger refractive medium.  Flattening 
the steeper meridian can be accomplished by wound recession (slippage) 
or Astigmatic Keratotomy (AK).
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 Three methods of astigmatism correction, that do not generally 
provide long-term quantifiable correction for structurally normal 
corneal and limbal anatomy, include steepening the flatter meridian, 
by wedge resection, tight sutures, and collagen shrinkage by heat or 
diathermy.

Astigmatic Keratotomy (AK) Mechanics:
 Consider the cornea to be a portion of a circle, that represents the 
cross section of a globe.  AK adds length to the circumference of the 
circle, causing an increase in the radius of curvature of the cornea and 
a decrease in refractive power.
 In actuality, only the central cornea is of concern.  AK causes 
a steepening of the paracentral area of the cornea and a secondary 
central flattening because the dome-shaped cornea is anchored at the 
limbus.  The midperiphery is weakened by both radial and transverse 
incisions, thus creating the same qualitative effect on the central cornea.  
Transverse incisions are more effective than radial ones in flattening 
the central cornea because they allow for more gape of the wound with 
increased steepening of the midperiphery of the cornea.

Coupling:
 AK converts astigmatism mostly by flattening the central portion 
of the corneal meridian in which it is performed.  Concomitantly, 
however, a slight-to-moderate steepening of the opposite meridian 
occurs. This phenomenon is analogous to squeezing a tennis ball and 
letting it regain sphericity by releasing (Fig. 4 ,5)

Fig 4: Coupling involves steepening of the cornea 90° away from transverse relaxing 
incisions as well as flattening in the axis of these incisions. Figure to the left is the 
preoperative cornea with the prospective transverse incisions shown as dotted lines.
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Fig. 5: Coupling with astigmatic keratotomy results in no change in spherical 
equivalent.

pressure on the steeper meridian; both meridians change simultaneously, 
but in opposite directions.  This concomitant but opposite change in 
perpendicular meridians during astigmatism is `coupling’.
 Therefore, a 6.0D astigmatism with a keratometry reading of 
46.0 D at 90 degrees, for example, is corrected by reducing the 46.0 
D to 42.0 D and increasing the 40.0 D  to 42.0 D, even though the AK 
was performed only at the 90° meridian.  AK does not correct this 6.00 
D of astigmatism by reducing the 46.0 D to 40.0 D with no change 
in the flatter meridian.  There is great significance in the amount 
of steepening of the flatter meridian because the shift of the flatter 
meridian represents the amount of myopia induced in the spherical 
component of the postoperative refraction. The `coupling ratio’ is 
determined by the `length of the transverse incision’ in AK, that is the 
longer the transverse, the more the flatter meridian will steepen.

Targeted Astigmatism:
 Targeted astigmatism correction is usually, but not always, equal 
to the magnitude of the preoperative astigmatism. We tend to assume 
that our aim is zero astigmatism, but there are instances where one 
would opt for a degree of residual astigmatism as the operative goal. 
Techniques to treat high degrees of preoperative astigmatism may not 
be able to produce zero astigmatism. In fact zero astigmatism is achieved 
in significantly less than 100% of surgeries. On other occasions, such 
as in cataract and implant surgery, we may aim for a small amount 
of residual with-the-rule astigmatism to allow for the against-the-rule 
decay curve that is manifested in the postoperative period. In penetrating 
keratoplasty, where residual astigmatism is prevalent, with-the-rule 
astigmatism would provide better visual results.
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 Whether or not the goal is zero astigmatism, we can plan the axis 
of any residual astigmatism, whether intentionally or not. In general, 
any residual astigmatism lies on the same axis as the preoperative 
astigmatism. If residual astigmatism does deviate from the preoperative 
axis, it has undergone an axis shift. The surgeon could plan for the 
possibility that this unintended residual astigmatism will remain 
and will lie on the new axis and may, perhaps, correct the problem by 
targeting for a small amount of residual astigmatism in a preferred 
axis.
 The astigmatic module for elliptical treatment patterns recently 
introduced for the excimer laser enables the surgeon to change the 
corneal shape in a precise and graduated manner to match the astigmatic 
error. Accepted practice is to treat the spectacle refraction adjusted for 
effectivity at the corneal plane, with secondary regard to the corneal 
shape. There is frequently a significant variance between spectacle and 
corneal astigmatism, which is perplexing considering that different 
readings are obtained with various types of keratometers according to 
the optical zone measured.
 The recent introduction of corneal topography technology has 
made this inconsistency more prevalent. To obtain meaningful data, 
the same type of instrument should be used for all sequential readings. 
Corneal topography, where available, is likely to become the preferred 
mode.
 If the eye is treated using refraction as the treatment parameter 
and there is a variance between corneal and spectacle astigmatism, 
unavoidable non-zero astigmatism will result. With astigmatism, it 
is accepted practice to apply the tangential incision to the steepest 
axis, with secondary regard to keratotomy, the refraction and  the 
same unavoidable consequence of non-zero astigmatism is conversely 
destined for the refraction. It is not unusual to be satisfied with 
surgical outcome using keratometry readings as a criterion and yet 
be disappointed when the patient has such symptoms as monocular 
diplopia and oblique contours still requires astigmatic correction in his 
or her spectacles.
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Preferred Residual Astigmatism
 The cornea is a convex surface and is steeper in the vertical meridian 
when with-the-rule astigmatism is present (the axis of the convex 
cylinder lying at 90degrees). The clearest retinal image in this eye lies 
in the vertical meridian. Eggers has shown that this improves visual 
acuity as measured by Snellen’s type, as vertical strokes predominate 
in the English alphabet characters. Testing by a mathematical model 
confirmed that in cases of mild myopia, viewing test object from 0.5 to 
6 meters, 0.50 D to 0.75 D of with-the-rule astigmatism results in the 
least amount of summated blur.
 The nasotemporal overlap of ganglion cells that supply both 
optic tracts are bilaterally cortically represented. They lie on the 
vertical midline raphe of retinal receptors and neuronal fibers, 
centered on the fovea with a width extending greater than one 
degree of arc. This explains the much lower stereoscopic threshold 
for vertical objects than those oriented in any other meridian. 
16 Monocular clues for determining distance are obtained by using 
parallax error between two objects. This is achieved most frequently with 
vertical contour clues (e.g., light poles). In addition the cyclodisparity 
range for fusion is greater for vertical than horizontal line segments.

Steps to Sphericity
 The system involves six combinations of four variables:

Ungrooved uniplanar clear corneal incisions.
Grooved biplanar clear corneal incisions.
Astigmatic Keratotomy (AK).
Toric Intra Ocular Lenses.

 The system is designed to be used with temporal clear corneal 
incisions only and for the purposes of this system and its application to 
astigmatism reduction temporal is defined as within 30 degrees of the 
horizontal axis.
 The first step to sphericity is applied to spherical eyes.  In these cases, 
we want the postoperative corneal curvature to match the preoperative 
curvature.  Therefore, a simple, single-plane, very peripheral temporal 

●
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stab incision is used.  This incision is astigmatically neutral, usually 
resulting in either no change in astigmatism or no more than a 0.37 D 
induction with-the-rule.
 For mild astigmatism against-the-rule of 0.50 to 1.25 D, a two-step 
grooved incision is used.  The groove depth used in this system is 300 
microns. However, depths of 400 microns (Williamson) and 600 microns 
(Langerman) can be used.  Obviously, the deeper the groove, the greater 
the effect.  In addition, as with all incisional keratorefractive procedures 
(radial keratotomy and AK), age is a factor.  The 60-year-old cataract 
patient might result in only a 0.50 D change in cylinder, whereas the 
80-year-old would get a 1.25 D shift from the same incision.

Patients with Moderate (1.5 to 3.0 D) and High (more than 3.00 
D) Astigmatism:
 This third group of patients are the 10 to 20% with an astigmatism 
higher than 1.25 D.
For moderate degrees of ATR astigmatism of 1.50 to 3.0 D, the two-step 
grooved incision is used.  For this amount of correction needed, the 
surgeon will have several options:
 1. Moving the vertical groove centrally 0.5 to 1.0 mm reducing the 
optical zone (OZ) in the two-step cataract incision

 
2. Keratolenticuloplasty:
  For  1.50 D Incision of  3.00 mm OZ 9
  2.00 D    2.50 mm OZ 8 and a CRI of 2.5 mm OZ 8
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  2.50 D     2.50 mm  OZ 9 and a CRI of 2.5 mm OZ 7 
  3.00 D    3.00 mm  OZ 9 and a CRI of 3.0 mm OZ 7
Corneal Relaxing Incision’s (CRI) are made at 100% depth of pachymetry 
at the area of the incision.
3. A Modified Lindstrom Nomogram:
  A two-step grooved incision at OZ 10 with the addition of:
For  1.50 D,  2.5 mm transverse   at OZ 7
       2.00 D,  2.5 mm arcuate           at OZ 7 (45°)
       3.00 D ,  3.0 mm arcuate           at OZ 7  (60°)
at a depth of 600 microns. 

4. The use of Limbal Relaxing Incisions (LRI): A 6.0 mm cord length 
incision is required for each diopter of correction upto 2 D at a 600 
microns blade depth.

For  1.0 D LRI of 6.0 mm (at the site away from the cataract incision)
 2.0 D        LRI’s of 6 mm
      3.0 D        LRI’s of 8 mm
5. The use of the Toric IOL, soon available with the 2.00 and 3.50 D 

models (STAAR) for approximately 1.00 to 1.25 D and 2.00 to 2.5 D 
of cylinder, respectively.

Again, the two-step grooved incision has an age related effect, as well 
as the CRI’s, producing in certain cases an unstable refraction of up to 
2 to 3 months in the elderly. LRI’s are a weaker corrective procedure; 
however, they produce less discomfort, and the incisions heal faster.  
Unlike CRI’s, making the incision at the limbus preserves the optical 
qualities of the cornea.  LRI’s are a more forgiving procedure and 
significant over corrections are rare.
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 The astigmatic correction can be performed just before the cataract 
surgery, at the end of the procedure, or as a second surgery.  With the 
improved predictability of the AK procedures, we prefer to make all the 
astigmatic corrective incisions first before entering the eye through the 
cataract incision, as the eye is more firm and the incision depths are 
more reliable.
 If corneal topography shows the symmetrical bow tie type of corneal 
mapping, the correction will require about equal, symmetrical on-axis 
incisions. If it differs (i.e.from the nasal to the temporal part), the choice 
depends upon the location of the main amount of astigmatism.  Inferior 
arcuate incisions are the more unstable.
 For moderate degrees of WTR astigmatism of 1.5 to 3.0 D, the 
surgeon again will have several different options depending on the 
approach preferred for the cataract surgery:

1. If temporal Clear Corneal Incision (CCI) is the choice, the 
astigmatically almost neutral, single–plane, un-grooved CCI is used, 
and the appropriate AK-CRI incisions are placed on-axis (A Modified 
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Lindstrom Nomogram on the steep vertical axis). LRIs can also be 
used on the steep axis.

2. If a short sclero-corneal tunnel incision is decided, part of the 
astigmatism will be corrected by  the 4 to 6 mm incision itself, 
with the addition of an AK for the remaining astigmatism to  be  
corrected, i.e. if 3.00 D is to be corrected, a 5 mm, short tunnel incision 
should correct 0.75 D of the astigmatism, the remaining 2.25D can 
be treated with a single 45 degrees arcuate incision at OZ 7. 

Astigmatism higher than 4.0 D will certainly require additional AK 
incisions.  For 4.00 D two arcuate incisions of 2.50 mm at OZ 7 (45°) 
depth of 600 microns. For 6.00 D of astigmatism, a triple set of incisions 
may be desired, especially in the younger patient, at optical zones of 
6.0, 7.0 and 8.0mm.
 In patients with high astigmatism, further astigmatic surgery might 
be required if again further correction is considered necessary.  This 
can be accomplished by redeepening the AK incisions, with additional 
AK incisions or with the use of excimer laser.  Arcuate incisions in the 
elderly can induce a substantial amount of overcorrection.

Toric IOLs:
 The role of LRI’s remains limited by regression, as well as 
predictability issues, axis shift post-operatively and finally amount of 
cylinder that can be treated. On-axis incisions, are limited by their 
tendency to induce “more absolute torque” and error of angle. Toric 
IOLs are now available to correct cylinders from 1.5 to 8 diopters and 
even more. 
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Calculating the cylinder for Toric IOL implantation is affected by few 
factors. Conventionally, manual K readings, have been considered 
most accurate for axis of astigmatism, while auto-keratometry and 
topography continue to be more accurate for magnitude of cylinder. All 
the findings need to be co-related.

SIA—Surgically Induced Astigmatism
 Knowing one’s own SIA is essential, and has to be used in 
calculations every time a Toric IOL is implanted.
 SIA can be affected by the blade used, surgical technique, and 
incision size. There are websites and software available for calculating 
SIA. 
 SIA and it’s role in Toric IOLs can be kept to a minimum if sub 
2mm Co-MICS is combined with Toric IOLs—in  this case the Toric 
IOL should be able to be inserted through sub 2mm incision also.
 Complex optics, like Multifocal Toric IOLs, have been introduced 
and it remains to be seen how satisfied patients are over a longer period 
of time.
 Toric IOLs are based on a basic premise of “rotational stability”. All 
companies are marketing Toric IOLs, and the number is increasing by 
the day, they promise long term rotational stability, and if they manage 
to deliver on this premise, it can easily provide a boon to patients with 
significant pre-operative corneal astigmatism. 



 Accurate diagnosis of the etiology of inflammatory eye disease 
is crucial for appropriate treatment and management. In most cases, 
the diagnosis can be made by non-invasive techniques. It has been 
estimated however, that in approximately 8% of cases with uveitis, 
clinical presentation is non-specific or atypical and systemic medical 
evaluation is inconclusive. Diagnostic sampling of ocular specimens 
can, in these instances, aid in determining whether the therapy should 
be anti-infectious, anti-inflammatory or antineoplastic.  
Invasive diagnostic testing for uveitis includes:

Director	of	Uveitis	&	Head	of	the	Ocular	Pathology	department,
Sankara	Nethralaya,	Chennai,	India.
Mobile	No:9841428151/Ph:		91-44-28271616
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Biopsy Pathology of Uveitis
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INDICATIONS FINDINGS
Endophthalmitis Bacteria, Fungi,
ARN1 Polymerase chain reaction for Varicella 

zoster & Herpes simplex
Retinoblastoma, malignant 
melanoma, reticulum cell sarcoma, 
leukemia, metastatic tumor2,3

Tumor Cells

Tuberculosis4 PCR
T.canis, T.gondi, T.catis Eosinophils
Ocular filariasis5 Microfilaria
Reticulum Cell Sarcoma, Syphillis 
Behcets Disease

Antibodies (ELISA)

Phacolytic Glaucoma Macrophages/ Lens Matter
Hemorrhagic Glaucoma Ghost Erythrocytes
Epithelial ingrowth Epithelial Cells
Persistent hyperplastic primary 
vitreous

Mesenchymal fibrous cells

Amyloidosis Amyloid
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Anterior chamber paracentesis 
Vitreous biopsy 
Chorioretinal biopsy

Anterior chamber paracentesis:
 Differentiation between infectious and noninfectious uveitis 
is often of crucial value for accurate manag ement of patients with 
intraocular inflammation.

• Aqueous humor analysis may provide useful information to establish 
a specific diagnosis of intraocular inflammation in order to confirm 
or exclude a suspected specific etiology. 

• Analysis of aqueous humor yields more relevant information about 
the local process than those performed in serum.

• Specific analysis, e.g., in suspected masquerade syndromes, should 
be performed in specialized centers.

It has been found in a study conducted by Rothova et al, that despite the 
posterior location of inflammation, aqueous analysis with polymerase 
chain reaction and Goldmann-Witmer Coefficient for Herpes simplex 
virus, Varicella zoster virus, Cytomegalovirus and parasites such as 
Toxoplasma gondii, revealed an infectious cause in 29% of patients 
with posterior uveitis.
In a study conducted by Chiquet et al, it was found that polymerase 
chain reaction assay of initial aqueous humor samples contributed 
to the diagnosis of endophthalmitis in 30% of cases. Previous use of 
intravitreal antibiotics did not seem to affect the ability to PCR-amplify 
DNA in the short term. Polymerase chain reaction-based technology 
was a useful adjunct to conventional culture because when used with 
aqueous humor samples only, the association of both techniques allowed 
for a microbiological diagnosis in 71% of cases of postoperative acute 
and delayed-onset endophthalmitis.

Technique:
Paracentesis of the anterior chamber is a relatively simple procedure. 
It can be performed with a slit lamp and the patient sitting, or in supine 
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position. Although many techniques are described, a simple and safe 
procedure which can be used in the out patient setting is described 
below.

1. Administration of broad spectrum antibiotic drops. 
2. Administration of local anesthetic drops 30 seconds later.
3. A tuberculin or 2 ml syringe may be used with a 27 – 30 G needle and 

a tooth forceps to stabilize the globe. (In granulomatous disease, a 
larger bore needle is used)

4. Needle entry is oblique, through the stroma via the lower limbus. 
This acts as a self – sealing wound on withdrawal of the needle. 
(Fig.1)

5. 0.1-0.3 ml of aqueous is obtained and on withdrawal external pressure 
applied with sterile cotton tipped applicator.

6. Antibiotic drop is administered in conjunctival sac and eye is patched 
for half an hour after which patient is re examined under slit lamp.

Fig 1: Technique of AC paracentesis

Precautions:

It is preferred to perform anterior chamber tap in the absence of 
a dilated pupil. In many patients however, this is not possible 
as the procedure is usually performed after an ophthalmologic 

●
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examination. In such situations it is advisable to direct and keep 
the bevel of the needle above the retracted iris to prevent touching 
of the anterior capsule of the lens.
Inexperienced ophthalmologists are encouraged to practice this 
procedure on pseudophakic eyes to gain the skill required when 
dealing with such situations. 
Cataract formation due to this procedure can be minimized by 
keeping the patient in supine position while performing the 
paracentesis.
In cases with intra ocular pressure above 30mmHg, it is advisable 
to defer the procedure until the pressures are brought below this 
point.
All patients who undergo anterior chamber tap are to be examined 
30 minutes after the procedure to ensure that the anterior chamber 
is within normal limits. 
Of particular importance is the examination of the site of paracentesis, 
the measurement of the depth of the anterior chamber and the 
inspection for the presence of red blood cells.
Application of povidone-iodine decreases the number of colony 
forming bacteria in the conjunctival fornix, compared with a broad 
spectrum antibiotic.

Complications:

The possibility of developing cataracts, corneal disorders or 
endophthalmitis after an anterior chamber tap, though remote, is 
still a risk. The incidence of endophthalmitis after this procedure 
is lower than that with cataract surgery, as the risk is proportional 
to the duration of surgery.

On the whole, findings indicate that anterior chamber paracentesis is 
a relatively safe procedure and should precede the potentially more 
dangerous vitrectomy and retinal or choroidal biopsy. It is of particular 
use in patients with questionable diagnosis, particularly in those 
patients with media opacities. 

●
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Vitreous tap and diagnostic vitrectomy:
 Tapped vitreous is often small, but can provide valuable diagnostic 
information if processed properly. Diagnostic vitrectomy provides a 
large amount of material though diluted. Presence of a hazy vitreous 
which precludes visualization of the fundus, the combination of vitreous 
sampling for diagnostic purpose with a therapeutic vitrectomy is 
certainly a sound and logical approach.

Technique:
 This procedure may be carried out in the operation theatre or the 
outpatient department. 
 In theatre, a surgical microscope is used after adequate analgesia 
with a sub-conjunctival or retrobulbar block. 
 When performed in the outpatient department, a sub-conjunctival 
injection of 0.1 ml of 2% lidocaine can be given prior to scleral penetration, 
3mm posterior to the surgical limbus. Unlike in anterior chamber taps, 
analgesia is an important aspect of vitreous taps and vitrectomies, 
owing to the greater pain associated with scleral penetration. 
 The size of the needle used in vitreous samplings varies from 
25G to 23G depending on the situation. Patients with long standing 
intraocular inflammation have liquefied vitreous or fluid pockets within 
the vitreous thus justifying the use of a fine bored 25G needle. On the 
other hand when organization of the vitreous is seen, 23 G needles are 
preferred.
 The vitreous sample may be easier to obtain with the use of a 
three-way stopcock with one end attached to the needle and the other 
two ends attached to tuberculin syringes (Fig.2). 
 The globe is immobilized with a conjunctival forceps, and the needle 
is inserted into the vitreous cavity under direct visualization with slit 
lamp. The empty syringe withdraws the vitreous, and manipulating the 
stopcock, a similar quantity of antibiotic is injected into the vitreous 
cavity. After the injection, the needle is slowly withdrawn from the 
eye.
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Fig 2: Vitreous Biopsy

 Other techniques have also been described using vitrectome 
with attachment and pneumovitrector, composed of an aspiration and 
cutting system, combined with an infusion line for injecting air or gas 
into the vitreous cavity. By simultaneous injection of air and removal 
of vitreous, the pneumovitrectomy allows to obtain large undiluted 
vitreous biopsy specimen. Smiddy et al obtained vitreous samples 
through 3 way stopcock through manual aspiration.

Complications:
Hypotony 
Retinal detachment

Tests performed on the aqueous and vitreous samples:

 Although the anterior chamber paracentesis has potentially less 
complications than vitreous sampling, the latter does allow for higher 
yield of material for testing. Once obtained, the specimen is to be sent 
for the following tests:
 Direct smears are for Gram stain, Giemsa stain, Gomori methamine 
silver and Calcofluor white stain.
 The sample may be inoculated on blood agar, chocolate agar, 
thioglycolate fluid, and Sabourauds agar and brain heart infusion 
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broth. Vitreous cultures obtained by vitreous aspiration or vitrectomy 
in patients suspected of endophthalmitis have been shown to have 
different diagnostic sensitivities. Isolating causative organisms 
obtained by performing a vitrectomy and culturing the cassette fluid 
provided a significantly higher yield of culture-proven endophthalmitis 
(76%) than only culturing the vitreous obtained by aspirations (43%) 
from the same patients. Organisms identified from vitreous in cases of 
endogenous endophthalmitis reported, included Aspergillus fumigatus, 
Toxoplasmosis gondii, Gnathostoma spinigerum, Toxocara canis and 
Listeria monocytogenes.
 The sample may also be spinned down and the supernatant 
may be subjected to enzyme linked immune sorbent assay to detect 
antibodies.
 Flow cytometric analysis can be applied in the study of uveal 
melanomas, retinoblastoma and ocular lymphoid proliferation and 
is also being used to provide information regarding ratio of cytotoxic 
and helper T cells. The pellet is passed through Millipore filter and 
immunohistochemistry test carried out to identify cell type. 
 Nango et al performed diagnostic and therapeutic vitrectomy 
for chronic uveitis in 6 eyes of 4 patients, and examined vitreous 
specimens with immunohistochemical staining. Visual acuity improved 
in all cases due to clearing up of the vitreous cells. One patient had 
sarcoidosis, one had B cell malignant lymphoma (ocular reticulum 
cell sarcoma), and two had reactive lymphoid hyperplasia. Vitrectomy 
for chronic uveitis is useful for diagnosis and improvement of vision, 
and the authors recommend immunohistological staining of vitreous 
specimens. Particularly, when intraocular lymphoma is suspected, 
vitrectomy must be performed early. 
 Diagnostic and therapeutic pars plana vitrectomy is indicated 
in patients with uveitis for giving more precision to the diagnosis of 
intraocular inflammation or a masquerade syndrome. It also represents 
a therapeutic procedure to cure complications connected with a severe 
form of inflammation and makes it possible to save central visual 
acuity.
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 Davis et al performed a vitrectomy with cytological, 
cytofluorographic, and microbiologic analysis of vitreous samples. 
Vitreous testing led to an appropriate diagnosis in 61.5% patients. When 
preoperative indication was compared with final clinical diagnosis, the 
efficiency of the diagnostic procedures such as cytological evaluation, 
flow cytometry, and bacterial/fungal culture was 67%, 79%, and 96%, 
respectively. For lymphoma, the Positive Predictive Value (PPV) for 
cytological evaluation was shown to be 100% and the Negative Predictive 
Value (NPV) was found to be 60.9%. For infection, the PPV of bacterial/
fungal culture was 100% and the NPV 94.9%.
 Diagnostic vitrectomy in selected patients, with carefully planned 
testing, is an effective means of supporting diagnosis in intraocular 
lymphoma, chronic intraocular infections, and atypical chorioretinitis. 
Flow cytometry quantitates the percentages and ratios of various 
cell types and is helpful in contrasting intraocular lymphoma with 
immunologically mediated uveitis.
 In data collected by Lobo et al, vitreous aspiration needle tap 
generated an adequate sample for the relevant investigations in 
92% of the cases. The initial diagnosis of intraocular malignancy or 
infection was confirmed in 40% of the patients studied. The remaining 
patients were treated with immunosuppressant therapy for the ocular 
inflammation and showed clinical improvement over the follow-up 
period. It was concluded that vitreous aspiration needle tap is a safe 
clinical procedure, which has a high success rate in differentiating 
between infectious, inflammatory, and malignant causes of uveitis. 
 Margolis et al determined the diagnostic yield of tests commonly 
used for vitreous fluid analysis. Vitreous analysis identified a specific 
cause in 20% of 45 patients. The overall sensitivity of diagnostic 
vitrectomy was 63.6%. The sensitivities of individual tests were: 
culture - 50%; cytological analysis - 66.7%; and flow cytometry - 83.3%. 
The yields of diagnostic tests were: culture - 5.7%; cytological analysis 
- 14.3%; and flow cytometry - 20.6%.  Analysis of vitreous fluid by 
widely available tests is useful in identifying intraocular infection or 
malignancy. Most patients experienced a substantial improvement in 
vision.
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 Manku et al studied the usefulness of microbial and cytological 
investigations of vitreous biopsy specimens in the management 
of patients with intraocular inflammation. The clinical diagnosis 
was correct in 62.7% with ocular inflammation. The organism was 
identified in 50% of vitreous biopsies in patients with postoperative 
endophthalmitis. Of patients with endogenous bacterial 
endophthalmitis, 16.7% had the diagnosis confirmed by vitreous 
tap and 83.3% had positive cultures from other sites that provided  
the diagnosis. Of the fungal endophthalmitis, 80% grew the fungus 
from the vitreous biopsy. Polymerase chain reaction identified the 
causative organism in 87.5% of patients with clinical diagnosis of viral 
infection. 30.8% of vitreous biopsies in patients with clinically suspected 
masquerade syndromes were diagnosed as lymphoma. The results from 
the vitreous biopsy altered management significantly in 11.9% patients. 
These patients included toxoplasmosis that was thought to be viral 
retinitis; malignant melanoma thought to be fungal endophthalmitis; 
chronic inflammation secondary to retinal detachment that was thought 
to be a neoplasm; three patients with infective endophthalmitis thought 
to be idiopathic uveitis and a patient with known lung carcinoma 
thought to have metastases who had lymphoma. In 67.8% the vitreous 
sample helped to either confirm the diagnosis or exclude an infective 
cause.  
 Clinical diagnosis based on examination findings and vitreous 
biopsy is highly accurate. Vitreous biopsy is a safe and useful method 
for diagnosing and excluding malignancy and infection in patients with 
ocular inflammation. Viral polymerase chain reaction is highly sensitive 
and accurate. The sensitivity of microbiological culture techniques for 
bacteria and fungi limits their usefulness.

Biopsy:

Iris biopsy:
Indications:

Tumors - glioneuromas, medullo   epitheliomas, iridociliary cysts,  
        leiomyomas, malignant    
        melanomas.
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Masquerade syndrome -  metastatic lesions ruptured iris cysts, 
granulo matous uveitis like tuberculosis 
and sarcoidosis.

Technique:
 In the case of an iris nodule or nodules suspected of being 
inflammatory versus neoplastic, a standard iridectomy via the limbus 
can usually be performed (Fig.3).
 The iris tissue can usually be made to prolapse through the lips of 
the limbal incision, and a small peripheral iridectomy can usually be 
taken and processed by standard histologic methods. 
 If the lesion of interest involves a large sector of the iris, a sector 
iridectomy may be required. In the hands of experienced surgeons, 
diagnostic iridectomy is likely to be a safe and effective procedure for 
determining the nature of an iris lesion.

Fig 3: Technique of iris biopsy

Chorioretinal biopsy:
Indications:

• Progressive, sight threatening choroidal/retinal lesions unresponsive 
to therapy based on clinical findings.

• Suspicion of malignancy.
• Sight threatening involvement of the second eye despite treatment.
• Negative vitreous analysis after vitrectomy in the setting of any of 

the above.
On the whole, the most common indication for chorioretinal biopsies 
is atypical uveitis, when a diagnosis of malignancy or infection may 
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be suspected. In these situations, a definitive diagnosis is required 
prior to initiating treatment for presumed autoimmune noninfectious 
uveitis because the consequences of immune suppression in patients 
with malignancy or infection could be disastrous.
 Chorioretinal biopsy may provide useful information for 
determining the diagnosis and guiding the subsequent management of 
patients with progressive chorioretinal lesions of unknown etiology.
 Johnston et al assessed the clinical value of retinal or choroidal 
biopsy in establishing a definitive diagnosis. The pathologic diagnosis 
differed from the initial clinical diagnosis in 5 of the 13 cases. The 
biopsy result directed specific appropriate treatment in 7 of the 13 
cases. In the 6 remaining cases, no specific diagnosis was confirmed, 
but the results of the biopsy were useful in excluding malignancy and 
in some cases allowing a therapeutic trial.
 Foulds et al reviewed 34 cases of transscleral, choroidal and 
chorioretinal biopsy. Indications included choroidal melanoma, acute 
retinal necrosis, chronic uveitis, and progressive retinal pigment 
epitheliopathy. The sole complication noted was a retinal break which 
occurred in 1 case.
 Routzen et al confirmed the preoperative diagnosis in seven of 
ten biopsies in cases of suspected cytomegalovirus retinitis, in one of 
seven biopsies in cases of suspected acute retinal necrosis, and in two 
biopsies in cases of progressive outer retinal necrosis. The remaining 
five endoretinal biopsies disclosed Candida in one specimen, subretinal 
fibrosis in one, and chronic inflammation in three.

Technique:
 Augsburger suggested chorioretinal biopsy in patients with 
bilateral ocular involvement who have already failed to respond 
to what was believed to be conventional therapeutic intervention 
for their suspected disorder.  In this technique, the site of intended 
biopsy is localized by indirect ophthalmoscopy with scleral depression.  
A lamellar or full thickness scleral window can then be cut directly 
overlying the intended biopsy site.  Once the site has been prepared, 
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heavy diathermy or laser coagulation are generally delivered to the 
margins of the planned resection.  The surgical incision is then completed 
through the underlying choroid and retina with a sharp blade and 
microscissors. The surgical specimen is excised as a single piece and 
submitted to pathology for light microscopy, microbiologic studies, and 
electron microscopy. A small amount of vitreous occasionally prolapse 
at the site, so a vitrectomy instrument should be available for removing 
vitreous from the wound margins. The scleral window is closed using 
an 8-0 monofilament nylon sutures. Scleral buckling could be done over 
the resection site using a small radial sponge to prevent late retinal 
detachment. 
 The principal potential complications of such an intervention 
are major intraocular bleeding, retinal detachment, and retinal 
incarceration. Despite the expected severity of intraocular bleeding, 
the use of diathermy or the carbon dioxide laser, particularly if coupled 
with relative hypotensive anesthesia, usually keeps bleeding to a 
minimum. 
 Scherfig and colleagues performed biopsies from the retina and 
choroid through a transvitreal approach. A 20-gauge fine needle was 
used. The transvitreal approach was chosen because exact location of the 
biopsy could be documented by video recording and or by photography. 
The needle was guided either by a stereotactic micromanipulator or 
by hand. Immediately after biopsy laser burns were placed around the 
biopsy hole. 
 Light microscopy and, in selected cases, transmission electron 
microscopy examination of the material was done. Specimens obtained 
showed malignant melanoma, choroidal haemorrhage, leukaemic 
infiltration of the choroid, intraretinal fibrosis in detached retina, 
atrophic retina after vasculitis and malignant lymphoma of the uvea. 
Retinal detachment due to the biopsy or any tumor-seeding was 
not observed even after two years of biopsy. Two cases of vitreous 
haemorrhage cleared spontaneously. No visual impairment was related 
to the biopsies.
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Griffin et al also described a technique for transvitreal chorioretinal 
biopsy which employs a stereotactic intraocular micromanipulator and a 
newly designed biopsy instrument. Biopsy is performed by trephinating 
and removing from the eye, a 1.5-mm diameter specimen of posterior 
eye wall. Hemostasis and chorioretinal adhesion are achieved by 
mechanical compression of the tissues surrounding the eye wall defect. 
The eye wall defect is sealed by a preplaced silicone explant and repaired 
by fibrovascular ingrowth from the surrounding choroid and episclera. 
Normal histological features of the biopsy specimen are preserved except 
for edema of the tissues, separation of the neurosensory retina from 
the pigmented epithelium, and occasional hemorrhagic detachment of 
the pigmented epithelium.

Full-thickness eye-wall biopsy was described by Peyman, et al 
as follows:
A 360 degree peritomy was performed, and the rectus muscles were 
isolated with 4-0 silk sutures. A Peyman eye basket, 12 mm in diameter, 
is sutured to the sclera. An 8 mm trephine is used to demarcate 
approximately half the thickness of the sclera. The sclera was then 
dissected with a number 64 Beaver blade. A partial thickness disciform 
scleral button was removed and stored in saline solution containing 
200mg/ml of gentamicin.
A 4 mm trephine was used to demarcate an area within the partially 
dissected 8 mm area. After surface and penetrating diathermy the sclera, 
choroid, and retina were then   penetrated through the margin of the 4 
mm button with a number 52 Beaver blade. The section was completed 
with curved corneoscleral scissors. Vitrectomy was performed through 
the biopsy site with the vitrophage. After vitrectomy the resected area 
was covered with the 8 mm partial thickness sclera; 4 interrupted 
sutures were applied and a 9-0 running nylon suture was added. The 
intraocular pressure was re-established with an injection of air through 
the graft edge of a 30-gauge. 
Nine patients who had an eye-wall biopsy were evaluated for long-
term results. The follow-up time ranged from 2½ months to 7 years. 
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Six patients were followed up for more than 2 years. Few operative 
and postoperative complications were observed. Except for 1 patient 
with reticulum cell sarcoma, all eyes retained preoperative visual 
acuity. Tractional retinal detachment occurred only in 1 patient, who 
had vitreous bands around the biopsy site and did not undergo a 
simultaneous vitrectomy during the biopsy operation.
Repeated biopsies could be used to follow the progress of a disease such 
as animal models of retinitis pigmentosa and other retinal dystrophies. 
With further refinement, this procedure could be used in the diagnosis 
and study of human chorioretinal disease. One indication for this 
procedure is the diagnosis of sympathetic ophthalmia, a condition that 
requires enucleation as a diagnostic and therapeutic procedure. When 
this diagnosis is suspected in cases of blind eyes, this procedure allows 
a tissue diagnosis that could save eyes currently being enucleated. In 
uveitic diseases, which have multiple etiologies and threaten permanent 
visual loss, tissue could be biopsied and studied with emphasis on new 
therapeutic approaches that could save remaining vision. Informed 
consent and philosophical judgment weigh heavily on this aspect of the 
future use of this procedure. 
Retinal and choroidal biopsies are best classified as being conclusive or 
inconclusive, rather than “positive” or “negative.” A conclusive biopsy 
is therefore one in which a definitive diagnosis can be made and an 
inconclusive biopsy is where only nonspecific findings are observed, 
such as chronic inflammation with a polyclonal immunophenotype or 
fibrosis. 
Endoretinal biopsy provided an accurate diagnosis in the three cases, 
leading to appropriate treatment. Histopathologic examination of 
the three retinal samples confirmed the diagnosis of sarcoidosis, 
tuberculosis, and lymphoma. Targeted treatment improved the ocular 
conditions in all three cases.
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Fig 4: Chorio-retinal biopsy

Complications:

• Post operative complications have largely been limited to cataract.
• Secondary proliferative vitreoretinopathy and tractional retinal 

detachment is seen in patients who already had a retinal detachment 
from their disease prior to surgery.

Specimen preparation:
Processing of the biopsy specimen is challenging due to multiple factors 
including small size, translucency and friable nature of tissue.
A simple method of handling retinal biopsy specimen is performed 
by placing specimen onto a small pool of balanced salt solution on a 
flat piece of plastic, under an operating microscope, after which BSS 
is removed with a cellulose sponge. The specimen is sectioned into 
2 or 3 pieces across the normal and abnormal retina. These sections 
are placed in appropriate fixatives and studied for histopathology, 
immunohistochemistry and electron microscopy. Non fixed specimens 
are submitted for microbiology studies or PCR if indicated.
The agar sandwich technique is described by Banker et al. In this 
method agar discs are created to a size of 7-8mm diameter and 1 mm 
thickness. The discs are stored at 4° to 6° C. The retinal biopsy is placed 
onto the agar disc and a mark is used to identify orientation. Fixative is 
dropped onto the specimen and which is then stained with 0.1% eosin. 
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The specimen is then covered with liquefied agar that is cooled.
This procedure allows for excellent tissue preservation and limits 
associated complications of tissue processing. This method requires 
material not readily available in the operating room. Retinal biopsy 
may be a useful procedure in the diagnosis of certain cases of infectious 
retinitis complicated by retinal detachment. The small, delicate pieces of 
retina obtained by retinal biopsy are difficult to handle and prepare for 
histological processing. The tissue is friable, may curl upon itself, and 
is often lost during normal processing. Routine methods for handling 
small biopsy specimens of other tissues are inadequate for preparing 
retinal specimens.
Schneiderman et al developed an agar-albumin tissue mount for the 
sterile recovery and transport of small pieces of retina from the operative 
field to the laboratory. The agar-albumin sandwich mount facilitates 
tissue processing without interfering with histological sectioning or 
interpretation. The ability to recover small, friable pieces of retina in a 
manner that allows good histological examination is essential if retinal 
biopsy specimens are to be used in the diagnosis and management of 
patients with infectious retinitis where the causative agent is unclear. 

Fine Needle Aspiration Biopsy (FNAB):
FNAB allows for histological correlation with the clinical diagnosis in 
cases of atypical presentation of intraocular lesions. It aids in effective 
planning and management without having to sacrifice the eye or having 
to resort to open biopsy.

Indications:

• Cases of suspected infectious subretinal lesions (abscess or 
tuberculoma) mimicking choroidal tumors. Gregor and co-workers 
diagnosed a case of Nocardia asteroides subretinal abscess following 
transvitreal FNAB.

• Cases where the diagnosis is difficult and distinction between benign 
and malignant conditions unclear, where therapeutic decisions have 
to be made on basis of cytological findings.
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• Patients with metastatic diseases of the choroid but without a known 
primary tumor.

• Cases in which the patient refuses therapeutic intervention until 
histopathological confirmation is obtained.

Technique:
Edorado and colleagues offered guidelines for performing intraocular 
FNAB. Their suggestions were as follows:

• It is preferable to use a spinal needle (3.5 -9cm, 22-25 gauge) because 
it can be inserted without a syringe and no fluid can escape through 
the needle.

• Either general or local anesthesia can be used.
• For anterior segment lesions, the needle is inserted through limbus 

opposite the mass. When the tumor is entered, the obturator is 
removed, the syringe equipment is attached to the needle, and the 
aspiration is carried out. Then the needle is withdrawn and smear 
is prepared.

• For posterior segment lesions, the conjunctiva is opened opposite 
the lesion, and then the sclera is coagulated with diathermy at the 
level of the pars plana in a small area just opposite the tumor. Here 
a small sclerotomy involving two thirds of the scleral thickness is 
performed. Scleral suture is placed in the lips wound. Then the 
needle is inserted and continuously guided by means of indirect 
ophthalmoscopy. When it enters the lesion it is blocked with a clamp 
and the obturator is removed. The syringe equipment is attached to 
the needle and the aspiration is carried out. Needle is withdrawn, 
sclera sealed with preplaced suture and vigorous lavage of the scleral 
surface is done (Fig 5). 

• For some posteriorly located tumors, vitrectomy has to be performed 
before aspiration, the purpose of which is as follows:

 A)  To maintain clear visualization of the lesions and the needle 
path.

 B)  To eliminate adherence of vitreous to tumor cells in the needle 
as the needle is drawn.
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 C)  Control bleeding after aspiration.
• If the tumor is in the ciliary body and patient is aphakic the cornea 

may be used as the insertion point. 

Fig 5: Technique of FNAB

Corneolimbal zonular approach:

• Prevents dissemination through needle track.
• Through corneolimbal approach, the needle passes through multiple 

planes wiping out the tumor cells as the needle is removed from the 
eye. In addition the absence of blood vessels decreases the chances 
of dissemination.

Subretinal approach: 
 In a subretinal mass lesion associated with a bullous retinal 
detachment, a subretinal approach can be employed through a posterior 
sclerotomy overlying the area of greatest detachment as in cases of 
subretinal abscess and tuberculoma.
 Sternberg and co-workers have described a method for posterior 
aspiration of subretinal fluid using a specially designed scleral depressor 
through which a small caliber aspirating cannula can be advanced via 
the sclera into the subretinal space.
 If a bacterial or fungal infection is strongly suspected, a small drop 
of this material may be inoculated directly onto appropriate culture 
media. However, most of the material is generally flushed into a syringe 
with balanced salt solution, and this suspension is then transferred to 
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the pathology laboratory for cytological processing using the membrane 
filter technique.1-3 filters can be prepared and different stains can be 
used depending on the suspected diagnosis.
 Augsberger was able to identify a specific agent responsible for 
the clinical lesion in several cases using fine-needle aspiration biopsy 
techniques. One patient was a cardiac transplant recipient who 
developed a white, hemorrhagic inflammatory chorioretinal lesion which 
proved to be a Nocardia asteroides granuloma. This lesion responded 
promptly and completely, to appropriate antibiotic therapy.
 Another patient with a chorioretinal lesion and limited overlying 
vitreous cellular haze was confirmed by fine-needle aspiration biopsy 
to be a Cryptococcus neoformans abscess.

Fig 6: A) Fundus photograph of 57 yrs old lady complaining of painless, gradual 
dimness of vision since 9 months B) FNAB showing large malignant lymphoma cells.

The principle potential complications of fine-needle aspiration biopsy 
of a retinal or choroidal lesion include:

1)  Subretinal, intraretinal and preretinal bleeding. Almost all cases 
develop a small amount of preretinal and subretinal hemorrhage, 
but only a few of the diagnostic fine-needle aspiration biopsies are 
associated with more than minor intraocular bleeding. 

2)  Retinal detachment. 
3) Orbital dissemination of tumor cells and distant metastatic spread 

caused by tumor implantation along needle track has been reported. 
It is reduced by using a 25 gauge needle. Glasgow et al found tumor 
cells in 67% of direct needle tracks (direct penetration of sclera over 
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tumor) and in 53% of indirect needle tracks (transvitreal approach). 
However, it was concluded that the number of cells seeded were not 
large enough for tumor growth in experimental animals. Theoretically 
the procedure can also disseminate a subretinal focus of infection.

4)  One patient in whom fine-needle aspiration biopsy was performed 
for diagnosis of a focal retinitis following cardiac transplantation by 
Augsberger has subsequently developed a subretinal neovascular 
membrane related to the retinal puncture site.

Processing the Biopsy material:
As soon as the biopsy material removed it should be divided into 4 
parts based on clinical suspicion.

1) One part should be snap frozen for immunostaining.
2) One part for light microscopy.
3) One for in situ hybridization. 
4) Microbiological cultures and PCR detection of infective agents.
Microbiological culture:
 Small piece is seeded onto the agar plate or preferably onto agar 
medium. 

Light and electron microscopy:
 These techniques are complimentary. The specimen is fixed in 
10% formaldehyde or glutaraldehyde solution.

Immunohistochemistry:
 The material is snap frozen. Frozen section is studied with 
appropriate antibody to identify infectious agents like viruses and 
autoimmune diseases. Immunohistochemistry can be done in sections 
of formalin fixed tissues.

In situ hybridization:
 In situ hybridization can be done in cryo-preserved tissues as well 
as from formalin or glutaraldehyde fixed tissues. Radiolabelled probes 
are used specially for infectious organisms like viruses.
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Polymerase Chain Reaction (PCR):
 The PCR, first described by Mullis and coworkers in 1985, is a 
new molecular biological technique which involves the enzymatic 
application of specific sequences of DNA or RNA.

Technique:
The PCR is based on the principle of three main steps:

• Denaturation
• Annealing
• Amplification
According to a study performed by Boer et al titled, “Serological and 
Polymerase Chain Reaction Analysis of Intraocular Fluids in the 
Diagnosis of Infectious Uveitis” in 1996 , the PCR was carried out in 
the following manner:
 50 micro liters of ocular fluid was used for DNA isolations, and 
afterward the template DNA was diluted in 50 micro liters of distilled 
water. The amplifiability of the DNA was tested by adding 12.5 fg of 
plasmid containing modified human B-globin DNA, and no polymerase 
chain reaction inhibitory activity was detected. The primers used 
were tested for the optimal annealing temperature and Magnesium 
concentration. Uracil DNA glycolase was used to control carryover 
contamination. The amplification mixture contains 0.4 pmol of 3’ and 5’ 
primer, 0.2 mmol of dUTP, dATP, dCTP,dGTP, 0.1 Unit of Taq polymerase, 
0.1Unit of uracil DNA glycolase, and 5 micro liters of isolated template 
DNA solution, diluted to a final volume of 50 micro liters with distilled 
water. 
The PCR was performed in a Biometra  
Trio- Thermo-Block as follows:

 The samples were incubated for 10 min at 37°C and afterward at 
95°C for five minutes, then 40 cycles were performed for one minute at 
95°C denaturation, one minute at optimal temperature for annealing, 
and one and a half minutes at 72°C for elongation. After the last 
cycle the samples were incubated for seven minutes at 72°C for final 
elongation.
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 One fifth of the PCR product was subjected to electrophoresis on 
a 1.8% agarose gel, stained with ethidium bromide, and photographed. 
The gel was subjected to Southern Blotting. The oligonucleotide probes 
(20 pmol) specific for the amplified fragments were labeled with a 
1.9 MBq of adenosine 5’ triphosphate by the method of Maniatis and 
associates. After hybridization, the nylon membranes were washed and 
exposed to X-ray film at -80°C for 24 hours.
The ocular tissues that can be submitted for PCR include:
• Intraocular fluid ( aqueous and vitreous)
• Fresh retinal and choroidal tissue
• Formalin fixed and paraffin embedded tissue
• DNA material obtained from stained or unstained cytology slides

Fig 7: Schematic diagram of agarose gel of PCR products

Indications:
Conjunctivitis - Adenovirus
Endophthalmitis - P. acne / other bacteria
Tubercular uveitis  
Presumed ocular TB51, - M. tuberculosis
Eales’ disease
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Fig 8: Ethidium bromide stained 2% agarose gel with amplification products from a 
case of subretinal abscess suspected to be tuberculous Lane 1: Reagent control of the first 
round, Lane 2: Reagent control of the second round, Lane 3: Aqueous humor-negative, 
Lane 4: FNAB specimen - positive, Lane 5: Blood - positive, Lane 6 Positive control M 
tuberculosis (H37Rv), Lane 7: Phi X 174 DNA/Hinf I digest

Fig 9: Agarose gel electrophoretogram of cytomegalovirus PCR of aqueous humor and 
vitreous humor samples from case of PORN

Precautions:

• Performing the initial processing in a biological safety hood not used 
for any other PCR procedure.

• All reagents should be prepared in another biological safety cabinet 
using materials dedicated solely to the PCR and should be aliquoted 
in sterile tubes.
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• It has been shown that aqueous humour and vitreous fluid contain 
PCR inhibitory factors. Hence DNA is to be isolated from ocular 
tissue using silica particles as described by Boom and associates.

Goldmann Witmer coefficient (GW) --->     
Antibody titer AH or VF : Total IgG AH or VF

Antibody titer serum : Total IgG serum

• The GW coefficient is used to estimate the amount of local antibody 
response. In view of the variability of measurements, local antibody 
response was defined as positive when GW was above 3.  It has been 
found that PCR is positive even in the absence of local antibody 
response.

• PCR results were found not to be influenced by previous treatment 
with antiviral medication. This is not true with antibody response. 

Limitations:

• PCR can only detect agents for which primers already exist.
• PCR does not provide cellular morphology
• PCR only detects the amplified DNA and does not necessarily reflect 

the etiological agent.
Conjunctival and lacrimal gland biopsy:

• Conjunctival and lacrimal gland biopsy should be reserved for 
patients with visible conjunctival or lacrimal gland enlargement as 
in sarcoidosis, tuberculosis, syphilis and coccidiomycosis.

• Stains used include hematoxylin and eosin supplemented with 
Gomori’s methenamine silver, Warthin-Starry stain and acid fasts, 
as well as immuno-histochemical stains using antibodies. 

Mucosal Biopsy:
Indications:
• Behcet’s syndrome shows evidence of occlusive vasculitis.
• Sjogrens’s syndrome shows inflammation of minor salivary glands.
• Crohn’s disease or Whipple’s disease shows inflammation of intestinal 

mucosa.
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Aberrations
Mrs. Saraswathi Shankar

ORIGINAL ARTICLEORIGINAL ARTICLE

 The accuracy with which any optical apparatus (here it is the eye) 
is able to form a clearly defined image is called its resolving power 
(resolution) which is an index of the efficiency of the system.
The deviation of the real image from the ideal image in respect of the 
actual size, shape and position are called aberrations 
Aberrations can be Lower order aberrations or Higher order 
aberrations.
A Lower Order Aberration (LOA) consists of myopia, hypermetropia 
and astigmatism. They contribute to 85% of aberrations in the eye.
A Higher Order Aberration (HOA) is a distortion acquired by a wavefront 
of light when it passes through the eye with irregularities of its refractive 
components (tear film, cornea, aqueous humour, crystalline lens and 
vitreous humour). 

Fig.1:	Aberrated	wavefront

A wavefront is a surface over which an optical disturbance has a constant 
phase. In other words a wavefront is the physical representation of 
the optical quality of a light beam. The quality of a light beam can be 
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degraded by any imperfect optical element, a lens, a cornea or a piece 
of glass in the eye. People with Best Corrected Visual Acuity (BCVA) of 
6/6 may not see perfectly if they have HOA. 
Order refers to the complexity of the shape of the wavefront emerging 
through the pupil-the more complex the shape the higher the order of 
aberration
Lower Order Aberrations

1st order aberration- tilt (prism)
2nd order aberration- defocus (sphere) and astigmatism
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Higher Order Aberrations

3rd order aberration- Coma and trefoil
4th order aberration – Spherical aberration and quadrafoil
5th order aberration – Pentafoil etc.
Upto 10th order aberrations were measured with the help of Zernike 
polynomials (a total of more than 60 individual aberrations have been 
identified).
How do aberrations occur?

All eyes have atleast some degree of higher order aberrations. But the 
neural  mechanism of the eye compensates for most of it, unless the 
error is significant.
Serious higher order aberrations can occur in conditions like scarring 
of the cornea, cataract, dry eyes and sometimes after refractive 
surgeries. 

Why are aberrations important?
We can improve image quality by reducing aberrations.  Precise 
measurement of aberrations is vital in
1. Excimer laser vision correction: Exact measurement of overall 
aberration is necessary for custom ablation in which case, the success 
rate of operation has been proved to be better. Higher-order aberrations 
started receiving more attention because they were identified as 
sources of visual side-effects after LASIK and other refractive surgery, 
causing halos, ghost images and other debilitating vision symptoms. 
Newer wavefront-guided lasers used in vision correction surgery can 
reduce certain higher-order aberrations, which may improve visual 
performance, especially for low-light activities such as driving at 
night.
2. Clinical diagnostics of the retina: If the eye’s aberrations can be 
reduced, the view through a dilated pupil will be better. The confocal 
adaptive optics scanning laser ophthalmoscope has provided the first 
noninvasive realtime microscopic views of individual optical sections 
of a patient’s retina (layer by layer). With this device it is possible to 
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see white corpuscles flowing in 7 micrometer capillaries. Individual 
photoreceptors on the order of 2 micrometers in cross section can be 
visualized.

Fig.3: Cone photoreceptor cells and retinal capillaries of a patient with 5 diopters of 
astigmatism.

3. Because of the availability of instruments which can measure 
aberrations accurately, custom made Spectacles, Contact lenses and 
IOL’s will be available in the near future.  
Symptoms: There are no specific symptoms diagnosed for individual 
aberrations.  However, difficulty seeing at night, glare, haloes, blurring, 
star burst pattern, double vision, loss of contrast are commonly 
attributed to most aberrations. People with large pupil size will have 
much difficulty because of HOA especially in dim light.
Aberrations are divided broadly into two categories monochromatic 
and chromatic. The aberrations that occur due to dispersion of light 
are called chromatic aberrations. The aberrations that are caused even 
with monochromatic light are called monochromatic aberrations.
1. Monochromatic aberrations are divided into: 

Spherical aberration
Coma
Astigmatism

●

●

●
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Curvature of field
Distortion 

Spherical aberration 
The periphery of an optical lens has a higher refracting power than the 
central parts and consequently the peripheral rays are brought to a 
focus closer to the lens than the central rays.

Fig.4: (a) Rays coming to a focus without spherical aberration.

(b) With spherical aberration

Because of spherical aberration, an image formed by paraxial rays 
will be surrounded by a diffuse halo formed by peripheral rays and 
consequently the image will be blurred, for a point object the image 
extends over a length along the optic axis
Inside this area, where the best image is formed is called the circle of 
least confusion

●

●
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Fig.5: Distance Im to Ip measures the longitudinal spherical aberration. AB is the area 
of circle of least confusion.

The human eye having a power of about +60D, suffer from various 
amounts of spherical aberration.  But it is somewhat neutralized by 
different factors.

The curvature of the cornea is flatter in the periphery than the 
centre. 
In the crystalline lens the central portions have a greater density 
and are arranged in layers of greater curvature than the peripheral 
portion. 
Iris blocks the peripheral rays to enter the eye.
There is a lesser contribution to the brightness sensation in cone 
vision by the light rays entering the eye through the peripheral 
cornea. 

Coma
Coma, or comatic aberration, is an image-degrading aberration 
associated with object points that are slightly off axis (object point not 
on the axis of the lens). The image is comet shaped and hence the name 
coma. When an off-axis bundle of light is incident on a lens, the light will 
undergo different amounts of refraction depending on where it strikes 
the lens resulting in different transverse magnifications. The resulting 
image of a point source,  is a complicated asymmetrical diffraction 
pattern with a bright central core and a triangular flare that departs 

●

●

●

●



June 2009 85

drastically from the classical airy pattern. If the magnification of the 
image due to outer zones of the lens is greater than the inner zone then 
the coma is said to be positive and vice versa. Due to the asymmetry 
that coma causes in images, many consider it to be the worst type of 
aberration. Coma is partly compensated by the displacement of fovea 
to the side of the optical axis or oblique aberration. 

 

Fig.6. Coma

Astigmatism: 
This is different from refractive error astigmatism. Astigmatism, 
like coma, is an aberration that arises when an object point is moved 
away from the optical axis. Under such conditions, the incident cone 
of light will strike the lens obliquely, leading to a refracted wavefront 
characterized by two principal curvatures that ultimately determine 
two different focal image points, the tangential (also known as the 
meridional) plane and the sagittal plane; the tangential plane is defined 
by the chief ray (i.e., the light ray from the object that passes through 
the center of the lens) and the optical axis, while the sagittal plane is a 
plane that contains the chief ray and is perpendicular to the tangential 
plane.
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Fig.7: Sagittal and Meridional Planes

Curvature of Field
The image of an extended object due to a single lens will not be a flat one, 
but will be a curved surface.The central portion of the image nearer the 
axis will be in focus but the outer regions of the image away from the 
axis will be  blurred. This defect is called the curvature of the field. This 
defect is due to the fact that the paraxial focal length is greater than the 
marginal focal length. The curved image plane of the eye (Retina) helps to 
compensate this defect.

 Fig.8: Curvature of Field

Distortion: 
The variation in the magnification produced by a lens for different axial 
distances results in an aberration called distortion
Distortion is of two types (a) Pin Cushion distortion and (b) Barrel 
shaped distortion. 
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In pin cushion distortion, the magnification increases with increasing 
axial distance. If the magnification decreases with increasing axial 
distance, it results in barrel shaped distortion.

 
Fig.9: Distortions

2. Chromatic Aberration
The longer the wavelengths the faster it is focused. Thus in visible light, 
the long red rays are focused at a longer distance than the short violet  
rays. The short waves are retarded most while passing through a 
refractive medium, and hence on their way through a lens they are 
most acutely bent than the longer ones, so that they come to a focus in 
front.
The focal length of a lens is different for different wavelengths. 
Magnification of the image is dependent on the focal length of a lens, 
so the size of the image is different for different wavelengths.
Variations in the size of the image measures lateral chromatic 
aberration (or) chromatic difference in magnification. The variation 
of the image distance from the lens measures axial (or) longitudinal 
chromatic aberration. The difference between the focal points is termed 
the chromatic focal interval. 
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Fig.10: Chromatic Aberration

Diagnosis and correction of aberrations:
At present various forms of adaptive optics have been developed to 
custom correct higher order aberrations. Adaptive optics has been used 
to correct aberrations in optical systems especially telescopes. Now it 
is used to correct aberrations in the eye.  Adaptive optics is used to 
achieve the type of vision that can be achieved by making flatter the 
shape of the wavefront emerging in the plane of the pupil by offsetting 
its distortion. 

Wavefront Aberrometers:
Wavefronts are measured by devices called Aberrometers. Aberrometers 
measure the type of distortion acquired by a wavefront of light as 
it passes through the eye.  When the light beam is perfect as in the 
case of theorotically perfect eye with no aberrations, the shape of the 
wavefront is flat (piston). The measure of difference between the actual 
wavefront shape and the piston represents the amount of aberration in 
the wavefront. The two different basic principles used in aberrometers 
are Tscherning principle and Shack Hartmann (SH) principle. Shack 
Hartmann is the wavefront measuring technology chosen by the 
majority of aberrometer manufacturers.
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Fig.11: Abberation 

Principle of S-H wavefront sensor
The eye focuses a low power laser beam on the retina, producing a 
virtual point source. The scattered laser radiation is reflected back 
and acquires the aberration induced by the ocular media. A lens let 
array samples the distorted wavefront, forming a regular spot pattern 
called a Hartmanogram.  The deviations of the spot centre from the 
reference grid are proportional to the local slopes of the wavefront. By 
reconstructing the wavefront slope map and with subsequent zernicke 
wavefront approximation, it is possible to obtain the complete aberration 
map of the eye.

Fig.12: Shack – Hartmann wavefront sensor

Mrs. Saraswathi Shankar - Aberrations



Tamil Nadu Journal of Ophthalmology Vol. 47, Issue. 290

Tscherning principle:
It uses a collimated laser beam source that illuminates a mask with 
regular matrix pinholes which forms a bundle of thin parallel rays 
that are projected into the eye. These rays form a regular retinal spot 
pattern that is distorted according to the eye’s aberrations. The retinal 
spot pattern is imaged through a small aperture onto a CCD camera 
by indirect ophthalmoscopy. The deviations of all spots from their ideal 
positions are measured. 

Fig. 13: Tscherning Principle

Zernike polynomials help to simplify wavefront technology by combining 
all aberrations into one single map. This is called wavefront map and 
is usually a two dimensional map using colour gradients representing 
powers of the aberrations. These Zernicke polynomials are also displayed 
as a pyramid starting from zero (no aberrations or piston) to as high as 
possible.

Treatment
Custom wavefront Spectacles: A highly accurate wavefront-guided 
refractor which separately measures sphere, cylinder and axis and, 
high order (3rd -6th order) aberrations of the eye is used to measure 
the complete set of aberrations. This is converted into a customized 
prescription which will be unique for each individual.
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Custom wavefront Contact lenses: Contact Lens manufacturers are on 
the verge of offering custom-made contact lenses that hold the potential 
to provide superior vision by correcting the aberrations. Aberrations 
are detected through the use of a wavefront aberrometer that uses 
beams of light to draw a topographical map of the front of the eye. 
That map then is used to form a mould which in turn is used to create 
a personalized lens. They are expected to improve contrast sensitivity, 
reduce glare and maximize overall acuity. 

Fig.14a: Eye Corrected with conventional contact lens but with HOA

Fig.14b: Eye Corrected with customized  contact lens to eliminate HOA

Excimer laser may be the ultimate correction method of HOA along 
with refractive correction.
Investigators are first trying to minimize the aberrations caused by 
conventional Excimer laser ablation and then improve to the next level 
of the reduction of HOA of each patient post operatively when compared 
with their pre op values.
Summary: Although ‘aberrations in the eye’ is a known topic for a 
longtime in Ophthalmology, the invention of aberrometers has made 
a big difference. Each technological innovation is helping in moving 
towards perfect vision or super vision. Aberrometers are definitely one 
among the best of such innovations. 
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 A 35 year old woman, labourer by profession presented with 
diminution of vision in the left eye both for distance and near and 
discomfort in the right eye. She had no relevant history apart from a 
family history of Diabetes Mellitus. Her visual acuity was 6/12 in the 
right eye and 6/60 in the left eye with no improvement with pin hole. 
Examination of right eye revealed a clear cornea, anterior chamber 
cells of 1+, grade 1 flare and vitreous cells grade 1 with stringy vitreous 
opacities. In the left eye, endothelial dusting along with fibrinous 
reaction, 2+ cells and grade2 flare was observed in the anterior chamber.
Pupillary reaction was sluggish.Vitritis and vitreous opacities in the 
form of snowball opacities precluded precise details of the fundus.Active 
choroiditis at the macula with vasculitis seen as perivascular cuffing 
and retinal edema was discerned through a hazy media.
 The clinical scenario was consistent with fungal endophthalmitis 
and a provisional diagnosis of Candida endophthalmitis was made. 
Blood cultures were negative and no growth was observed on aqueous 
humor analysis of anterior chamber aspirate done on the first day of 
presentation at our out patient department. Grams staining of the 
vitreous sample revealed microscopic morphology of budding yeast 
cells which was consistent with Candida species. Culture of the same 
on blood agar grew unidentified colonies and on SDA 4% grew atypical 
colonies which did not conform to any known pattern . The patient 
was started  on oral ketoconazole and asked to review for pars plana 
Vitrectomy but did not comply with the treatment and was lost to follow 
up. 
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 Fungal endophthalmitis is the scourge of every ophthalmologist 
due to its blinding potential, non availability of appropriate medication 
or delay in administration. Ocular pathogens due to fungus can 
be filamentous fungi [molds], yeast or diphasic forms. Fungal 
endophthalmitis can be the more common endogenous type or exogenous 
following keratoplasty, cataract surgery or traumatic ulcers. The most 
frequently encountered form of endogenous endophthalmitis is due to 
Candida species. In specific Candida albicans as an endogenous infection 
may occur in a clinical setting of risk factors such as intravenous drug 
abuse ,prolonged hyper alimentation, haematologic malignancies, recent 
abdominal surgery, bacterial sepsis, systemic antibiotics, corticosteroid 
therapy, diabetes mellitus, AIDS and several others.
Other pathogens such as Aspergillus, Coccidoides, Cryptococcus, 
Acremonium and Sporothrix have been implicated at other times. 
Fungal endophthalmitis due to yeasts [eg.Candida albicans] is very 
different from that due to molds [Aspergillus / Fusarium]. While 
Candida endophalmitis is usually treated successfully, molds often 
result in severe visual loss.

Nomenclature
 The appropriate usage to describe this disease would be 
Candida ocular disease as Candida endophthalmitis describes both 
Candida chorioretinitis [minimal or no vitritis] and endophthalmitis 
[marked vitritis] even in circumstances when it exists exclusively 
as chorioretinitis .The distinction between pure chorioretinitis and 
endophthalmitis is important therapeutically. Chorioretinitis responds 
to systemic antifungal therapy alone while eyes with marked vitritis 
and endophthalmitis require systemic antifungals with Vitrectomy and 
IV injection of Amphotericin B.

Candida habitat
 They exist as commensals in the Female genital tract, 
gastrointestinal tract, and respiratory tract.Immunosupression harbors 
the risk of the eye being affected consequent to spread through the 
blood stream. Embolic seeding of the choroid occurs first with susequent  
spread to the retina and vitreous. Morbidity and the prognosis depend 
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on the virulence of the organism, extent of ocular involvement and the 
timing and method of management. Besides ideal patient care dictates 
a treatment protocol inclusive of systemic antibiotics in concurrence 
with a physician.

The scenario in India
 Incidence of endogenous endophthalmitis appears to have 
increased. Endophthalmitis with Candida predominates the existing 
scenario nevertheless, the advent of chemotherapy for cancer patients, 
their adverse effects and immunosuppressant and the availability of 
potent antibiotics now create possibilities of newer forms of ocular 
fungal disease.
 Clinical manifestations rely on the host’s immune status and 
the clinical stage of the disease. Symptoms include floaters [due to 
vitritis], painful photophobia due to ciliary spasm and visual loss. 
A variable anterior / posterior, granulomatous / nongranulomatous 
uveitis is present which may frequently progress to vitritis, panuveitis 
or endophthalmitis and more rarely to papillitis and scleritis.
 The earliest fundus lesion, a focal area of chorioretinitis appears 
clinically as a cotton-white fluffy mound.Intravitreal micro abscess 
containing the organism progress to extend from the retina into the 
vitreous as puff balls or appear like a string of pearls.

Fig. Endogenous Fungal Endophalmitis  
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Difference between Exogenous & Endogenous fungal 
endophalmitis

Candida endophthalmitis in children
 Fungal endophthalmitis is rare in children. Candida endophalmitis 
however, does occur in premature neonates as a complication of fungal 
septicemia with compromised immunity. They have both chorioretinitis 
and endophalmitis with free floating vitreous opacities.

Differential diagnosis 

• Other relevant causes of vitritis
1. Viral retinitis
2. CMV retinitis
3. Bacterial endophthalmitis
4. Toxoplasmosis
• Other relevant causes of chororetinitis
1. Acute retinal necrosis
2. Viral retinitis
3. CMV retinitis
4. Aspergillosis
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Laboratory studies

Clinical suspicion should be employed in patients with vitritis and 
chorioretinitis in the setting of recent debilitating disease.
Blood culture, urine culture and sputum should be obtained in 
patients suspected of endogenous endophthalmitis.An indwelling 
catheter tip or any potential source of infection should be cultured.  
Sebarauds dextrose agar without cyclohexamide is used.

Culture of the fungus confirms the diagnosis. However, detection may 
not be always possible as Blood cultures are positive only in less than 
40% of ocular candidiasis and candidemia.
Vitreous samples are of profound significance as against aqueous or 
blood cultures.
The culture may be rejected as contaminants and hence the laboratory 
personnel should be told to consider all fungal growth as significant. 
The culture should be kept for 4 to 6 weeks at least to ensure that slow 
growing fungi are not missed. 
Staining the sample and direct examination: Stains used for detection 
are

Giemsa stain
Gomori methanamine silver stain
Periodic acid Shiff
Pars plana Vitrectomy improves the treatment profile of fungal 
endophthalmitis.It provides material for culture, removes load of 
organisms and inflammatory by products from the inflamed vitreous 
and provides intravitreal access to Amphotericin B.

An immediate pars plana Vitrectomy in the context of fungal 
endophthalmitis is recommended for the following situations:

1. Initial examination reveals profoundly diminished vision with a 
history of rapid deterioration.

2. The clinical condition progresses to a vitritis obscuring  view of 
the optic disc and macula

●

●
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3. Strong clinical suspicion of fungal endophthalmitis with or without 
an associated trauma.

PCR mediated detection of Candida Albicans in the vitreous sample 
obtained can be a conclusive evidence.

ANTI FUNGALS: Ideal patient care dictates a treatment protocol 
inclusive of systemic antifungals in concurrence with a physician.
The best initial therapy amongst the various antifungals has not been 
established with certainty .Nevertheless a broad spectrum antifungal 
agent such as Amphotericin B or Fluconazole is recommended as first 
line therapy.
Amphotericin B has broad spectrum coverage and is active against 
Candida, Aspergillus, Cryptococcus but when administered systemically 
penetration into the vitreous is poor. Renal function, liver function and 
blood counts need to be monitored.
The use of the same is limited by its adverse effects such as fever, chills 
and retinal toxicity.
Fluconazole is fugistatic and inhibits cytochrome P450 and is effective 
against Candida, Aspergillus and Cryptococcus. It has good intraocular 
penetration but Candida species exhibits resistance.
Bioavailability following systemic administration in vitreous and CSF 
is good.
Adult dose: 400mg PO as loading dose followed by 200mg PO qid.
Pediatric dose: 12 mg/kg as loading dose followed by 6mg/kg.
Ketoconazole is active against Candida species, Aspergillous, 
Blastomyces, Coccidodes immitis, Fusarium.
Miconazole: The second line drug in the treatment of Candida, 
Aspergillous, Cryptococcus and Coccidodes.
Voriconazole: Adds to the spectrum of activity of antifungal and is more 
efficacious on  Amphotericin B and Fluconazole resistant fungus.
Chemotherapeutic agents:  Flucytosine is active against Candida, 
Cryptococcus and certain Aspergillous species and is generally used 
in combination with Amphotericin B. However, resistance has been 

●
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observed if used for longer than 6 months.
The use of steroids remains controversial and hence not used.
Current Therapy of fungal endophthalmitis
The primary determinant is the presence/ absence of vitreous activity
Medical management
OPTION 1:

5 Fluorocytosine 150mg/kg/day for 3 weeks with
Oral Ketoconazole 200mg/kg/day for 3 weeks

Or

Oral Fluconazole 100-200mg/day [400-800mg/day] for 3 weeks
OPTION 2 : In resistant cases

 IV Amphotericin B in 5% dextrose given over a period of several 
days till a cumulative dose of 200mg has been reached. The initial 
dose is 5mg/day and after a few days this can be increased to 20mg/
day.
Intravitreal injection of Amphotericin B,5-10micro gram in 0.1ml 
following pars plana Vitrectomy.

OPTION 3: In resistant cases
Oral Voriconazole is a triazole derivative of Fluconazole with broad 
spectrum of antifungal activity and 96% bioavailability.
Vitreous levels of orally administered Voriconazole are high as compared 
to all other available antifungals with fewer side effects.
Approach to fungal endophthalmitis

Deduce etiology: 

Endogenous
Post operative
Traumatic

●
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Detection of signs:

Anterior Segement:
Keratic precipitates
Anterior chamber cells / flare
Fibrin / Hypopyon
Seclusio / Occlusio pupillae

Posterior segment:
Vitritis: cells / flare
Snow ball opacities
Chorioretinitis 
Membranes
Tractional bands

Determination of organism:
AC tap
Vitreous biopsy
Smear: Gram’s KOH mount, Calcoflour white
Culture: Blood agar, Choclate agar, Sebaroud’s dextrose agar.

Treatment is dictated by the involvement of vitreous
Presence: Pars plana Vitrectomy with intravitreal injection of 
Amphotericin 5-10microgram.
Absence: Oral Fluconazole {Tab.AF 150-400 mg}for 3 to 6weeks.
Oral Itrconazole {Tab.Canditrol 100 mg}.
Tab.Voriconazole.
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 This article aims to explain what preservatives are used in eye 
drops  and why we have them. Advice is given on when they should 
be avoided in preference to preservative free drops. The importance of 
preservatives and their effect on the eye which can easily be overlooked, 
possible immediate and delayed adverse consequences for the patient, 
are discussed.

Preservatives: what, why, how and when
 A preservative is a chemical that creates an environment that 
either kills microbes (bacteriocidal) or prevents their proliferation 
(bacteriostasis). Some preservatives work by destroying cell 
membranes by surfactant or free radical action. Those with surfactant 
properties also aid drug penetration. Other preservatives work by 
chelating and depriving microbes of essential nutrients for growth and 
reproduction. 
 Preservatives are useful for increasing the shelf life of a drug by 
delaying the decay of the active drug. They prevent contamination from 
exposure to microbes (viruses, bacteria, and fungi). This is especially 
important when you consider the typical environment in which the eye 
drops are kept: pockets, purses, toiletry kits. Many people do not know 
how to use drops in a hygienic manner (avoiding touching the tip of the 
bottle with their fingers or eye) which further increases the likelihood 
of contamination. For this reason most manufacturers recommend 
disposal of multidose bottles after four weeks from opening.
 Preservatives facilitate use of multidose bottles which are cheaper 
to produce than multiple single dose vials. This means cheaper drugs 
AG Eye Hospital
Officers colony, Trichy
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for patients and a better competitive price and resultant profit for 
drug companies. Preserved drops can be as much as five times cheaper 
than the preservative free equivalent. Larger bottles are easier for the 
elderly and arthritic to handle, grip and squeeze thereby improving 
compliance.
 It can be confusing to work out whether a drop contains a 
preservative or not because of the various ingredients which are used 
(Fig.1). This is made even more challenging by the variety of possible 
preservatives (Table 1).
Table 1 : Names of Preservatives used in eye drops

Perborate
Polyquaternium – 1 (Polyquad - Alcon)
Purite - Allergan
Benzalkonium chloride
Methylparaben
Propylparaben
Stabilised oxyborate complex (Dissipate - Ocusoft)
Phenxyethanol
Sorbic acid EDTA
Sodium perborate
Sodium silver chloride complex
Chlorobutanol 

Fig. 1: Ingredients used in eye drops
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 The most commonly used preservatives are BenzAlkonium 
Chloride (BAC) and Chlorobutanol. Both can cause irritation, 
allergy, inflammation, toxicity and disruption of the tear film. Newer 
preservatives such as GenAqua (Sodium Perborate) and Polyquad 
(Polyquaternium -1) are less damaging to the eye surface.

Benzalkonium Chloride
 This is the most commonly used and well known preservative 
found in eye drops. It is a quaternary ammonium salt with surfactant 
qualities. Alkyl triethanol ammonium chloride, Benzethonium chloride, 
Cetrimide (cetyltrimethylammonium bromide), Dymed and Polyquad 
are also examples of quaternary ammonium compounds that are used 
in ophthalmic preparations.
 BenzAlkonium Chloride (BAC) can be bacteriostatic or  
bacteriocidal depending on the concentrations used. It gained popularity 
when it was first introduced because it also enhances corneal penetration 
of some drugs by causing epithelial separation. This has recently been 
shown not to be true with Travoprost. It is effective against most 
bacteria with a few exceptions, such as pseudomonas aeroguinosa, or 
picornaviruses, which causes the common cold. It inactivates HIV and 
Herpes Simplex virus in vitro. Eye drops which contain BAC have form 
only 0.01% (most eye drops) to 0.4%: stronger concentrations than this 
risk a chemical burn or at least some irritation. BAC comes under many 
aliases (Table 2).

Table 2: Aliases of Benzalkonium chloride

Alkyl dimethylbenzyl ammonium chloride
Alkyldimethyl(phenylmethyl) quaternary ammonium chloride
Ammonyx
Arquad DMMCB – 75
Barquat MB -50
Bayclean
Benirol
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Benzalkonium A
Empigen
Roccal
Zephiran chloride

 Several authors have demonstrated cytotoxic effects of BAC on the 
cornea, even with percentages as low as 0.0005%. One study, though, 
found little corneal epithelial damage despite exaggerated use, matching 
unpreserved against 0.02% BAC solutions in methylcellulose.

Disappearing preservatives
 Noecker et al, showed that Stabilized OxyChloro Complex  
(SOC) caused less damage to corneal epithelial cells than BAC. They 
recommended that physician should consider treatment with newer 
generation preparations containing low risk preservatives such as 
SOC, especially in patients receiving multiple ophthalmic medications. 
These newer so called “disappearing” preservatives are now found in 
many brands of artificial tears. They are often borate or hydrogen 
peroxide and dissolve from H2O2 to H2O on coming in contact with 
tears. This requires that patients have sufficient tears to dissolve the 
preservative, which many do not. In these cases the H2O2 can be toxic to 
an already compromised cornea. They should only be used in patients 
without significant keratoconjunctivitis sicca and with moderate tear 
production sufficient to dissolve the preservative.
 Indications for preservative free eye drops are more frequent 
regime (6 drops/day)
known hypersensitivity to preservatives
  soft contact lenses (some preservatives particularly BAC, 
accumulate in soft contact lenses and cause irritation)
abnormal ocular surface conditions
conditions requiring healing of cornea 
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More frequent 
regime  
(6 drops/day)

Abnormal ocular 
surface conditions

Conditions 
requring Healing of 
Cornea

corneal ulcer  delayed tear 
clearance  

  persistent corneal 
epithelial defect

 severe dry eye  aqueous deficiency  penetrating 
keratoplasty

glaucoma  limbal stem cell 
failure  

 corneal epithelial  
erosions

postoperative  chemical burns
 inflammatory eye 
disease

 Stevens-Johnson 
syndrome
 multiple surgeries

 Any patient who requires more than 8 – 10 artificial tear drops a 
day should switch to true preservative free tears or consider punctal 
occlusion. Punctal occlusion is an excellent option for elderly, arthritic 
patients who lack the dexterity to instill artificial tears regularly.

Glaucoma drops and preservatives
 The use of preservatives in glaucoma eye drops deserves a special 
mention. Symptoms and signs are less prevalent than when preservative 
free drops are used. Most of the adverse reactions induced by preserved 
glaucoma medication are reversible after removing preservatives. This is 
important to consider when ensuring compliance. Although the adverse 
effects of glaucoma medications on the ocular surface are likely to be 
multifactorial, a one month of treatment with glaucoma medications 
containing higher levels of BAC resulted in greater corneal damage and 
conjunctival cell infiltration than medications preserved with Purite or 
with lower levels of BAC. By implication, using glaucoma medications 
preserved with alternative preservatives or low levels of BAC may 
help preserve ocular health. Indeed, long term topical combination 
therapy using preserved eye drops is a significant risk factor for the 
failure of subsequent glaucoma surgery. This is thought to be caused 
predominantly from past inflammation due to preservative use.

Dr Balaji .K - Preservatives and the Eye
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Preservative free drops
 Now that the problems of using preservatives in the eye are 
becoming more widely appreciated by both medical staff and patients, 
there is an expanding market for preservative free drops. This is 
especially true with respect to the advent of artificial tear use following 
refractive laser eye surgery. There are now many preservative free 
artificial tear drops and an increasing number of preservative free 
glaucoma drops (Table 5).
 The down side of preservative free drops is that they require 
more frequent replacement and the small disposable vials are not good 
for those with arthritis, poor dexterity or vision. Patients may keep 
disposable vials for more than one application to save money with the 
attendant risk of infection. Preservative free eye drops in multiple 
application containers are at risk of contamination by potentially 
pathogenic microorganisms.

Table 5: Examples of preservative free glaucoma drops
Betagan unit dose
Betoptic suspension single dose
Cosopt (MSD)
Minims metipranolol 0.1% or 0.3%
Minims pilocarpine 1%, 2% or 4%
Timoptol unit dose 0.25% or 0.5%
Travatan Z (Alcon)
Trusopt (MSD)

Conclusion
 When prescribing drops for a patient it is important to be mindful 
of whether it is preserved or not, what with, and what non-preserved 
alternatives exist. Particular care should be exercised when prescribing 
for patients with dry eye or ocular surface disease requiring frequent 
and prolonged administration of drops. Issues of maintaining health 
of the eye, availability, compliance and cost needs are to be balanced 
against each other.
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Until the mid 1970s an eye bank was a refrigerator where whole globes 
were stored at 4°C until used by the surgeon. The modern eye bank is a 
technically demanding, scientifically sophisticated laboratory that has 
evolved procedures and standards that assure the patient the safest 
and highest quality donor tissue possible.
After death the cadaver is exposed to room temperature. During this 
period, the cessation of aqueous humor formation causes reduced 
nutrition to endothelium and hence cell death. If cadaver is stored 
between 4°C & 8°C, it slows down endothelial pump mechanism and 
metabolic stress is avoided. Filatov in 1934 showed that cadaver 
tissue stored at 4°C could be used as donor material. This was the only 
preservation method used for the first 40 years of eye banking.
Ideal corneal preservation method should

Maintain endothelial and epithelial viability
Maintain clear thin cornea
Allow unlimited preservation time
Ensure sterility
Allow transportation
Offer technical simplicity
Suitable for PK or LK
Cost effective

●
●
●
●
●
●
●
●
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Storage at 4°C meets many of these criteria except endothelial cell 
survival which is limited.
Types of Storage:
Classified according to the length of storage time each will allow.

1. Short term storage – 3 to 4 days
2. Intermediate term storage – 2 weeks
3. Long term storage – 1 month
1. Short Term Storage

1. Moist chamber
2. MK media
a. Moist Chamber:
First described by Filatov in 1934. It is the benchmark by which all 
subsequent methods must be evaluated. It is technically simple; needs 
only a standard refrigerator as equipment. It makes corneas readily 
transportable in an insulated container with ice. Major shortcoming is 
its limited duration of storage upto 24hrs.

b. M-K media:
The use of M-K medium was developed by Bernard McCarey and 
Herbert Kaufman, hence the acronym M-K. Immersion of excised 
corneoscleral rim in culture medium at 4°C, it is the most successful 
corneal preservation till date.
Purpose: 
1. Chemically defined and stable environment.
2. Enables some basic metabolic activities of the stored tissue.   
3. Antibiotics keep the tissue sterile.
4. Colloid osmotic substance counterbalance stromal swelling.
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Constituents: 
1. Tissue culture medium 199
2. 5% Dextran – prevents excess stromal swelling
3. PH buffer – HEPES – Hydroxy Ethyl Piperazine Ethane Sulphonic 

acid Synthetic PH stabilizing substance (7.3)
4. Antibiotics – gentamicin / polymyxin
Storage period: 48hrs
2. Intermediate Term Storage
The crucial ingredient that allows extended storage at 4°C is chondroitin 
sulfate. This has been used by Japanese ophthalmologists since 1960s. 
Other ingredients are: K – Sol, CSM, Dexsol, Optisol.
Purpose:
Flexible surgical scheduling.
Provides adequate time for performing microbiological tests.
All media contain Chondroitin Sulfate, which acts as follows:

1. Antioxidant and free radical scavenger to protect cell membrane
2. Acts as cation exchange resin
a. K-Sol: 
Kaufman et al first reported the use of chondroitin sulfate in TC-199 
(Tissue Culture 199 medium) at 4°C as an intermediate storage method in 
1984. Chondroitin Sulfate 2.5% is used. Low molecular weight polymers 
enter corneal tissue, causing swelling of donor tissue. Storage period 
is upto 8 days. It is withdrawn from market due to contamination, 
especially by fungus. No longer commercially available,
b. CSM: Corneal Storage Medium
Contains MEM (Minimum Essential Medium), chondroitin sulfate 
1.35% and antioxidant-mercaptoethanol. Donor tissue swells during 
storage and surgery (rebound swelling). Since the introduction of Dexsol 
and Optisol this is not available commercially.
c. DEXSOL: = CSM + 1% Dextran
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Dextran is effective and safe osmotic agent. It reduces corneal thickness 
during storage and also reduces rebound swelling at surgery. In view of 
its safety and efficacy, FDA approved the manufacture and distribution 
of Dexsol in 1989. Although it is reported that endothelial viability is 
preserved for 2 weeks of storage, most surgeons prefer to use within 5 
days.
d. OPTISOL:
It is a hybrid of K sol, Dexsol and CSM with additional constituents 
including 14 vitamins, amino acids, cell metabolites, antioxidants 
and ATP precursors. Optisol stored corneas were significantly thinner 
than dexsol stored corneas at all times during storage and surgery. It 
increases DNA synthesis in endothelial cells. 2.5% chondroitin sulfate 
in this medium causes maximum corneal thinning. It has longer storage 
time for a period of 12 days. It is more expensive than M-K medium or 
Dexsol.

3. Long Term Storage

1. Minnesota system of organ culture : 35 days
2. Cryo Preservation : 1 year
a. Organ culture - Minnesota System:
Constituents are: MEM (Minimum Essential Medium), Fetal bovine 
serum, Chondroitin sulfate, Sodium pyruvate, 2-mercaptoethanol, 
Gentamicin sulfate.
In this method, cornea is incubated in TC medium at body temperature 
maintaining active metabolism during preservation. Surgeons were 
reluctant to use the tissue due to its thick physical appearance. 
Microorganism growth is supported at 34°C, especially fungal whereas 
storage at 4°C will not support microbial proliferation. It is technically 
complicated and expensive. It leads to significant endothelial cell loss. 
Tissue can be stored for 30 days. This storage method is widely followed 
in Europe.
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b. Cryo Preservation:
In this method the corneoscleral tissue is immersed in a series of cryo 
protective solutions and stored at –70°C for 1 year. It is technically 
complicated. It needs well trained technician and expensive equipments. 
It is recommended that donor tissue be under 50 years of age and less 
than 6 hours postmortem. Thawing-complex; may damage endothelial 
cells. Very few centers use this method at present
Future Storage Methods
As to the future, corneal preservation methods are constantly being 
developed and improving. Future systems of storage will have features 
such as

Additives  for endothelial regeneration
Endothelial supplementation from a supply of human corneal 
endothelium
Means for accurate assessment of endothelial cell viability
Reduction of antigenicity
Rapid detection of infectious agents in tissue or medium
Unlimited storage time
Additives for tissue sterilization
HLA and tissue typing

●

●

●

●

●

●

●

●
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Constituents of all 5 storage media
CONSTITUENT MK K-SOL CSM DEXSOL OPTISOL
Base medium Tc199 Tc199 MEM MEM Tc199+MEM
Chondroitin 
sulfate

-- 2.5% 1.35% 1.35% 2.5%

Dextran 5% -- -- 1% 1%
HEPES buffer + + + + +
Gentamicin + + + + +
Non essential 
aminoacids

-- -- + + +

Na bicarbonate -- + -- + +
Na pyruvate -- -- -- 1mM 1mM
Additional 
antioxidants

-- -- -- + +

Others-B12,ATP.
Vit C

-- -- -- -- +
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Introduction
 Glaucoma is a group of disorders that encompasses many diverse 
clinical entities with certain common denominators. The common 
denominator of all glaucoma is a characteristic optic neuropathy 
which derives from various risk factors including increased intraocular 
pressure. Nevertheless IOP and aqueous humour dynamics which 
regulate the pressure are critical to our understanding of glaucoma 
not only because they are most common and best understood of the 
causative risk factor for glaucoma but also because they are presently 
the only factors that can be controlled to prevent optic neuropathy.  

History
 Professor Hjalmar Schiotz, Oslo devised weighted indentation-
tonometer, originally for use against the sclera of the eye, in 1905. The 
technique of indentation tonometry introduced a number of inherent 
errors associated with the structure of the eye. The Goldmann tonometer, 
an applanation tonometer, was introduced in 1954, and comprised of 
a plexiglass plate, which was pressed onto the cornea, by means of a 
coiled spring and lever system. As only a very small area was flattened, 
the volume of fluid displaced was insufficient to stretch the sclera and 
therefore ocular rigidity did not affect the accuracy of the readings. 
 In the mid 1980’s as portability became an increasing advantage, 
allowing for testing of the bed-ridden or wheelchair-bound patient, the 
Perkins hand – held applanation tonometer (essentially the portable 
version of the Goldmann) was advertised as ideal for both domiciliary 
and consulting room use.
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Non contact Tonometer
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 Routine screening for Glaucoma only really began, however, with 
non contact tonometry (NCT) – popularly known as the ‘Puff-of-air’ 
test because the applanating medium is a brief controlled air pulse. 
American Optical introduced its NCT, patented by Grolman in the 
United States in June 1971.  Non-contact tonometry did not require 
mechanical contact with the eye, any form of anaesthesia, or any 
retraction of the eye-lid. 
 Keeler Pulsair (1986) was launched which was portable and 
considered suitable for domiciliary or multi-centre practice use.  The 
instrument minimized the risk of cross infection from HIV patients. 
The Keeler Pulsair 3000 (1998) and EasyEye (2001) were the improved 
versions with advanced microprocessors that are easier to use.  

Tonometry
 All clinical  tonometers  measure the IOP by relating a deformation 
of the globe to the force responsible for deformation. The two basic 
types of tonometers differ according to the shape of deformation viz. 
indentation and applanation tonometer.

The basic concept of NCT
 A puff of air creates a constant force which momentarily deform 
the cornea. It is difficult to determine the exact nature of corneal 
deformation, although it is postulated that the central cornea is flattened 
at the moment of the pressure measurement is made. The time from 
an internal reference point to the moment of pressured flattening is 
measured and converted to IOP based on prior comparison of readings 
from Goldmann applanation tonometers.    
 The non contact tonometer is an applanation tonometer and works 
on the principle of a time interval. Measuring the time it takes, from 
the initial generation of the puff of air to where the cornea is exactly 
flattened, (in milli seconds) to the point where the timing device stops. 
It takes less time for the puff of air to flatten soft eye than it does a 
hard eye.
 The time interval of an average NCT measurement is 1-3 milli 
seconds (1/500 of cardiac cycle) and is random with respect to the phase of 
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the cardiac cycle. So that the ocular pulse becomes a significant variable 
i.e. it cannot be averaged as with some tonometers. The probability that 
an instantaneous pressure measurement will lie within a given range    
of mean IOP increases as the number of tonometric measurements 
averaged together, increases.

Sources of error with Goldmann applanation tonometry:

1)  Inadequate fluorescein staining leads to underestimation of IOP 
2) Elevating the eyes more than 15 degree above the horizontal causes 

an over estimation of IOP. 
3 Widening of lid fissure leads to overestimation of IOP.
4) Repeated tonometry leads to underestimation of IOP.
5) A scarred, irregular cornea distorts the fluorescein rings and makes 

it difficult to estimate IOP.
With Goldman applanation tonometer there is a risk of transmitting 
infection such as adenovirus of epidemic keratoconjunctivitis, herpes 
simplex type – 1, In addition there is the potential for transmitting 
more serious diseases such as hepatitis and HIV. Although there is 
no evidence, to suggest transmission of HIV by contact with tears, 
precautions are needed to minimise the possibility as well as the spread 
of other microbial pathogens that might be present in tears.  
The Table mounted NCT consists of three subsystems:

(a) An alignment system that allows the operator to optically align the 
patient’s cornea     in three dimension (axial, vertical, lateral).

(b) An optoelectronic applanation monitoring system consists of a 
transmitter which directs a collimated beam of light at the corneal 
vertex and a receiver, detector which accepts any parallel, coaxial 
rays reflected from the cornea.

 (C)  A pneumatic system generates a puff of air which is directed 
against the cornea. Pulsair is a hand held version of non contact 
tonometer. 
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 The patient observes an internal target while the operator aligns 
the cornea by superimposing a reflection of the target from the patient’s 
cornea as a stationary ring. During this time, light from the transmitter 
is reflected from the undisturbed cornea, which allows only a small 
number of rays to enter the receiver. When the cornea is properly 
aligned the operator depresses a trigger which causes a puff of air to 
be directed against the cornea. At the moment that the central cornea 
is flattened the greatest number of reflected rays are received which 
is recorded as the peak intensity of light detected. The time from an 
internal reference point to the moment of maximum light detection is 
converted to IOP and displayed as a digital readout. In newer versions 
of NCT the air puff is automatically triggered when alignment criteria 
are satisfied and force of air to achieve peak light detection is measured 
variable.
The Pulsair EasyEye is a hand held version of NCT, consists of two 
sections:
The base unit, containing the mechanics of the instrument; and the 
handset with the controls. They are connected by a 2m long tube. 
The base unit measures 355x305x205mm and weighs 4kg with the 
rechargeable battery installed. The front surface of the base holds the 
printing unit, a spherical black reflective surface to act as a practice 
eye and a series of LED’s which display the battery status. The handset 
resides in a holder on the top right hand side of the base unit. It is 
265x115x40mm in size and weighs 0.9kg. At the top of the handset is 
the display, this is calibrated between 7 and 50mmHg. 
 If a high IOP is detected the instrument automatically adjusts the 
strength of the air-puff to ensure accurate readings. Below the eyepiece 
is the ‘Quickpulse’ indicator and control; the instrument relies on a clear 
reflection from the corneal surface to gauge the accurate working range. 
If this reflex is compromised the instrument may not trigger when it 
should. This can occur with conditions such as dry eye or conditions 
causing corneal distortion and scarring. The Quickpulse control reduces 
the sensitivity of the instrument in these situations, ensuring that the 
instrument will trigger even under adverse circumstances. 
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Ocular response analyser
 Corneal biomechanical properties influence the results and 
outcomes of ocular measurements and procedures, and may hold clues 
to diagnosing and managing ocular diseases. 
 Until now, assessing the biomechanical properties of corneal 
tissue has not been possible, confining practitioners and researchers to 
measuring purely geometrical aspects of the cornea, such as thickness 
and topography. 
 The Reichert Ocular Response Analyzer provides a new 
measurement of corneal tissue properties called Corneal Hysteresis 
(CH) that is a result of viscous damping in the corneal tissue.
 The Ocular Response Analyzer utilizes a rapid air impulse, and 
an advanced electro-optical system to record two applanation pressure 
measurements; one while the cornea is moving inward, and the other 
as the cornea returns. Due to its biomechanical properties, the cornea 
resists the dynamic air puff causing delays in the inward and outward 
applanation events, resulting in two different pressure values:

 The average of these two pressure values provides a repeatable, 
Goldmann-correlated IOP measurement (IOPG). The difference between 
these two pressure values is Corneal Hysteresis (CH). The ability to 
measure this effect is the key to understanding the biomechanical 
properties of the cornea.
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 The CH measurement also provides a basis for two additional new 
parameters: Corneal-Compensated Intraocular Pressure (IOPCC) and 
Corneal Resistance Factor (CRF). IOPCC is an Intraocular Pressure 
measurement that is less affected by corneal properties than other 
methods of tonometry, such as Goldmann Applanation Tonometer 
(GAT). CRF appears to be an indicator of the overall “resistance” of the 
cornea.
 In most studies, comparison of non contact tonometer against 
Goldmann applanation tonometers indicate that the NCT is reliable 
within normal range, although the reliability is reduced in higher 
pressure range and  is limited by an abnormal cornea or poor fixation. 
Corneal thickness has a greater influence on non contact tonometry 
than on Goldmann tonometry.

 The hand held pulsair NCT has correlated favourably with 
Goldmann readings in normal and glaucomatous eye and was effective 
in identifying ocular hypertension in post operative eye. 
 In a study by Parker VA , Herrtage J, Sarkies NJC et al  comparing 
Keeler pulsair 3000 with Goldmann applanation tonometry it was found, 
that the co–relation co-efficient was 0.982 with a standard deviation 
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of 1.117mmHg . They compared the mean of two Goldmann readings 
with Pulsair result (average of four puffs). They found Pulsair was 
user friendly with advantages including no need for local anaesthetics, 
fluorescein drops and no risk of corneal abrasion or cross infection.  
 Tonnu PA et al studied the influence of central corneal thickness on 
IOP measured by NCT, pneumotonometry, TonopenXL and Goldmann 
applanation tonometry.  He found that there was a significant 
association between the NCT / GAT and CCT with a tendency of NCT 
to overestimate GAT in eyes with thicker corneas. 
 Moselay MJ. Evans NM, Fielder AR in a study comparing a new 
non contact tonometer with Goldmann applanation tonometer found 
that at low pressures (less than 10mmHg) Keeler pulsair tonometer 
tended to overestimate pressure obtained with Goldmann tonometer  
while at high pressure  (greater than 19mmHg) those obtained by 
Goldmann applanation were underestimated. Between 10 and 19 
mmHg there was no significant difference between readings obtained 
by either method.
 Lam A K, Chan R, Lam CH et al studied Nidek NT 4000 with pulse 
detection feature and concluded that the pulse detection feature from 
this new NCT could capture and monitor pulse waves thus reducing 
the variation in the consecutive measurements. 

Conclusions: 

1. NCT correlates well clinically when compared with Goldmann 
applanation reading 

2.No risk of transmission of infection with non contact tonometer. 
3. Average four readings are required for non contact tonometry to be 

accurate 
4.Non contact tonometer overestimates IOP below 10 and underestimates 

IOP over 25.    Between 10-25 NCT reading matched with Goldmann 
reading accurately. 

5. Non contact tonometry can be best utilized as a screening test but 
reading outside normal range of 10-22 should be counterchecked 
with Goldmann Applanation tonometer. 
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6. The Keelar pulsair hand held tonometer is found very useful clinically 
when testing wheel chair bound or immobile patient and also in 
small children. 

7. A significant advantage of the NCT is the elimination of potential 
hazards associated with all contact tonometers, including a) 
abrasion of cornea, b) reaction to topical anaethetics and c) spread 
of infection 

8. IOP reading given by ocular response analyser and their importance 
is yet to be studied.
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 The history of retinal photocoagulation dates back to 400 BC, when 
Plato described the dangers of direct sun gazing during an eclipse. The 
effect of focused sunlight on the rabbit retina was first demonstrated 
independently by Czerny and Deutschmann in 1867 and 1882. Albert 
Einstein 1917 first proposed the theory of turning light into a coherent 
beam which would stimulate the emission of radiation and coined the 
acronym LASER for Light Amplification by the Stimulated Emission of 
Radiation. 
 Gerd Meyer-Schwickerath in the 1940’s first demonstrated the 
application of light photocoagulation of retina by focusing natural 
sunlight into the eye using heliostat. This method of effectively delivering 
controlled photocoagulation energy to the retina coincided with the 
popularization of binocular indirect ophthalmoscopic fundus examination 
by Charles Schepens, which had made accurate characterization of 
various peripheral fundus lesions. This happy coincidence marked 
the beginning of the application of laser for the treatment of retinal 
pathologies. The first functioning laser was demonstrated by Maiman 
in 1960 using ruby as the active laser material. It contained a small 
content of chromium oxide. The chromium ions absorb radiation in 
the green-blue part of the spectrum and emit radiation of 649 nm (red 
light). The ruby crystal was pulsed with a xenon flash lamp.
 Laser was first clinically applied by Campbell et al in 1963 and 
Zweng et al in 1964 independently. The ruby laser was applied in a 
pulsed mode as the thermal characteristics of a ruby crystal precluded 
the application of laser in a continuous fashion. The application of pulsed 



Tamil Nadu Journal of Ophthalmology Vol. 47, Issue. 2128

laser often led to the development of retinal haemorrhages. Moreover 
ruby laser was also found to be poorly absorbed by haemoglobin. Argon 
laser developed in 1964 by L’Esperance could be applied in continuous 
mode and had the emission spectrum which was well absorbed by 
haemoglobin .This property was found to be extremely useful in the 
treatment of vascular lesions. Thus it had an inherent advantage over 
the ruby laser. Unfortunately, the blue component was also found to be 
highly absorbed by xanthophyll, causing undesired inner retinal tissue 
damage during macular laser photocoagulation.
 This absorption quality had led to the argon blue-green (488 nm 
– 514 nm) laser being contraindicated for the use of macular laser 
photocoagulation. The long-term use of the blue wavelength was also 
found to decrease colour discrimination in ophthalmologists who treat 
these patients. Argon green laser (514 nm) which was developed later was 
found to be minimally absorbed by xanthophyll, with higher absorption 
by both hemoglobin and melanin. These absorption qualities made 
argon green a much safer alternative for macular photocoagulation and 
the most popular wavelength for retinal photocoagulation in general. 
 Krypton red  laser (647 nm) was developed by Laser Tek (Finland) 
in 1978.It was found to be absorbed essentially by melanin only and was 
considered as  an excellent choice for macular laser photocoagulation, 
with no absorption by xanthophyll. It was also found to be effective 
for treating through media opacities such as cataracts and vitreous 
blood. Treatment of choroidal neovascularization with overlying blood 
was made possible with this wavelength with less chance of potential 
damage to the inner retinal layers. Higher energy levels were needed 
to treat eyes with lesser pigmentation. Other disadvantages included 
the inability to treat vascular lesions, the inability to directly coagulate 
vessels in the event of an inadvertent hemorrhage, and the greater 
likelihood of discomfort due to the deeper choroidal penetration.
 Steve Charles introduced the portable xenon arc 
endophotocoagulation  system which was a significant advance in the 
field of vitreoretinal surgery. Gholam Peyman developed an argon laser 
probe that enabled more rapid firing, had a more comfortable and safe 
working distance, and didn’t generate as much heat as a xenon arc 
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probe. In 1984, L’Esperance developed tunable dye lasers (570 nm to 
630 nm) thereby offering another option for laser photocoagulation. The 
dye lasers used multiple dyes to produce emissions over a wide range 
of wavelengths, thereby allowing the operator to select the desired 
wavelength to fit the specific needs of the procedure being performed. 
Dye yellow (577 nm) was found to be poorly absorbed by macular 
xanthophyll but with a very good absorption by hemoglobin. These 
qualities made this wavelength ideal for the treatment of vascular 
anomalies, as well as choroidal neovascular membranes. Dye yellow, 
however was not as effective as the other wavelengths when treating 
through vitreous or preretinal blood. Dye red laser (630 nm) is a useful 
alternative to krypton red. The major disadvantage of dye lasers is the 
cumbersome and complex quality of these laser systems, with the dyes 
prone to degradation, requiring frequent maintenance.
 The diode laser (810 nm), was developed in 1987. It emits radiation 
with excellent electrical-to-optical efficiency. These highly efficient 
lasers became popular due to their low cost, portability and lack of 
water-cooling system requirements. The deeper penetration into choroid 
of these lasers resulted in greater pain and discomfort. The diode 
wavelength was found to have a role in selective ablation of choroidal 
neovascular vessels. This property was utilized in PhotoDynamic 
Therapy (PDT) wherein diode laser (689 nm) was used in conjunction 
with a photosensitiser vertiporfin. The photosensitive dye is injected 
systemically and allowed to accumulate in the more metabolically 
active proliferating tissues. The diode laser, at the correct wavelength, 
activates these molecules to generate singlet oxygen and free radicals, 
which result in damage to the cells that contain the dye. Transpupillary 
thermotherapy was introduced by Journee-de Korver and Oosterhuis. 
This method uses diode laser to produce temperatures of nearly 65˚C 
within the treated tissue. The deeper penetration of laser results in a 
greater risk of haemorrhage. 
 The Nd:YAG laser (1,064 nm) penetrates deeper than the other 
lasers due to the lower absorption by melanin. A potassium-titanium-
phosphate (KTP) crystal has been used to double the frequency and 
halve the wavelength of the Nd:YAG laser. The resultant laser is a 
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yellow-green laser at 532-nm wavelength. This double-frequency Nd:
YAG laser is ideal for macular laser, due to the lower xanthophyll and 
higher hemoglobin and RPE absorption. It also offers the dependability 
and low maintenance of a solid-state, air-cooled laser.
 The most recent laser innovation is the PAttern SCAn Laser 
(PASCAL) photocoagulator that employs a 532 nm pulsed laser to deliver 
up to 56 spots in a rapid, predetermined pattern. It was developed 
at the Stanford university, received the US FDA approval in 2005. 
The energy levels needed for photocoagulation is higher but initial 
experience suggests that PASCAL is a safe and effective method. 
 The gradual transition of laser technology from the days of Meyer 
Schwickerath to PASCAL has resulted in the addition of many newer 
clinical indications which could be treated by laser therapy. Moreover, 
they have improved over their preceding modalities by successfully 
addressing the deficiencies of the older versions.
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Introduction
 Clinical research and clinical studies in different branches of 
medicine, including ophthalmology are continuously presented and 
published in peer-reviewed journals across the globe.  Access to such 
presentations and to published print and electronic journals is so 
much easier now than in the past. Several studies appear when new 
investigative tools and therapies become available. In order to critically 
evaluate the content of clinical studies, one must consider its validity and 
applicability. Original studies published in reputed journals are likely 
to be reliable because submitted manuscripts are put to rigorous review 
processes that include evaluation of the study design, statistical content, 
analyses, results, and the impact it is likely to have on clinical practice. 
Occasionally, studies with inadequate design, improper statistical 
analysis, and manipulated data may find their way into publications. 
Studies with negative outcomes are less likely to be presented or 
published unless the negative findings challenge or disprove accepted 
existing views. 
 The practice of medicine is gradually becoming evidenced-based, 
and clinical studies are scrutinised for a high level of evidence for the 
results obtained. Clinical trials are considered to be the gold standard 
for evaluating a therapy, but observational studies could also be 
valid, without over estimating therapeutic benefits, provided they are 
appropriately designed. Though journals periodically publish articles 
and editorials on the different aspects of study designs with their high 
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statistical content, it may be necessary to discuss the studies with 
colleagues who are well versed in study designs and statistics. Reviews 
and meta-analyses, and summaries on web-sites such as the Cochrane 
Collaboration and Evidence Based Medicine online are researched for 
different levels of evidence. The institution of Consolidated Standards 
for Reporting of Trials (CONSORT) has improved the quality of reporting 
the results from randomised clinical trials, and The Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) 
provides guidelines for accurate and complete reporting of observational 
studies. 

Case Reports and Case Series
 Case reports are perhaps the earliest means by which medical 
knowledge was shared among colleagues. A report on just one or on a 
few patients may be the first to describe a new clinical entity, a rare 
association with a known disorder, a new investigative tool, a completely 
new therapy, or a rare complication from an accepted treatment. When 
more and more numbers of such observations are reported by the same 
or different investigators, the study becomes a case series. Both case 
reports and case series are anecdotal, observational, and descriptive. 
They use descriptive statistics when they describe the number of patients 
studied, the numbers followed, the numbers treated, the numbers that 
responded to treatment, and the numbers that developed complications. 
While the results within these studies may be true, it will not be possible 
to generalise on the observations. The strengths of these studies is that 
they  provide useful insights that help in generating hypotheses that 
can be tested by using appropriate study designs.  

Retrospective Studies
 In retrospective studies, the exposure to any risk factors in 
question and the outcome- development of a disorder, a particular stage 
of the disorder, or a therapeutic intervention has already occurred. The 
study proceeds backward from ‘effect’ to ‘cause’, is easier to perform, 
and is less expensive. While the results of such studies may be true, 
they cannot be generalised because of the many inherent biases 
that cannot be overcome. This includes bias in case selection, lack of 
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standardised procedures in evaluation and treatment, confounding, 
missing data, variable follow up, and significant drop-out rate. Results 
from retrospective studies are nevertheless valuable in generating 
hypotheses, and designing further studies. 

Prospective Studies and Clinical Trials
 Prospective studies and clinical trials proceed forward from 
‘cause’ to ‘effect’, take longer to complete, and are more expensive than 
retrospective studies. Typically, a cohort (a group of people defined by a 
common characteristic or set of characteristics) is identified and followed 
up to determine possible risk factors that may be associated with a 
particular disorder. Most of the deficiencies of retrospective studies can 
be minimised by setting appropriate inclusion and exclusion criteria, 
defining disease stages, standardising tests and treatments, training 
investigators, use of matched controls, masking and randomisation, 
rigorous monitoring, and adopting measures to minimise drop-out 
rates. Risk factors for the development of a pre-determined end point 
are then determined by comparing cases and controls. 
 A clinical trial is defined as “a planned experiment, designed 
to assess the efficacy in man by comparing the outcomes in a group 
of patients treated with a test treatment with those observed in a 
comparable group of patients receiving a control treatment, where 
patients in both groups are enrolled, treated, and followed over the 
same time period”. A clinical trial is undertaken when answers to vital 
questions about a treatment exist, but lack a high level of evidence. The 
question must be important, and the hypothesis clearly stated. Both 
the clinician and statistician must be sure that the question can be 
answered by the trial. The sample size, defined as the number of patients 
in each group who complete the study and not the number who entered 
it, is then determined. One of the great strengths in a clinical trial is 
the adequacy of the sample size. Sample size determination requires a 
number of considerations and involves statistical calculations. Grossly, 
smaller samples are needed if the differences in outcome are expected 
to be large, and larger samples will be needed if the differences in 
outcome are expected to be small. Clinical trials are rigidly monitored, 
and interim analyses performed to ensure that there are no adverse 
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outcomes in either the treatment or control groups. The results are 
then analysed and reported using appropriate statistical methods that 
are inferential. Statistically significant tests that are always reported 
from such trials tell us the degree to which the study observations 
might have been due to chance. It is up to the clinician to determine if 
a statistically significant result is clinically significant. Clinical trials 
may be single or multicentre. They need a huge infrastructure, and 
involve enormous expenditure. Because of the rigorous methodology 
employed, clinical trials provide the highest levels of evidence for the 
results obtained.      

Reviews and Meta-analysis
 Review articles are usually authored by a recognised authority in 
a particular field, who has contributed significantly to the subject. All 
studies available on the subject are systematically searched, objectively 
evaluated and reported in a balanced manner. This provides a good 
deal of summarised information that is evidence based, and spares the 
average reader the time and effort needed to read and assimilate all 
the published material on the subject. A Meta-analysis is different from 
a review in that, results from several different studies and trials are 
combined quantitatively and subject to statistical analyses. Uncertainty 
and disagreements among different studies may be clarified and 
corrective measures recommended for future studies.    

Letters
A letter to the editor about a published article may question or refute 
the particular study with regard to its design, execution, or results. 
Authors clarify in reply, and sometimes a debate ensues. Letters help 
the reader to see the studies from different perspectives. 
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 Progress in the field of Ophthalmology has opened up new frontiers 
for treatment of various diseases. However, there still remains retinal 
degenerations and dystrophies that are currently untreatable.  Several 
approaches are being tried including gene therapy, electronic chips and 
retinal transplantation. Replacement of damaged photoreceptors by 
stem cell transplantation offers an alternative and exciting therapeutic 
approach. 
 Stem cells are of interest because of their plasticity and their 
capacity to self-renew as well as to give rise to specialized cell types. 
Owing to its accessibility, the cornea constitutes an easy anatomical 
target for stem cell regeneration. On this basis, limbal epithelial stem 
transplantation is the only ocular cell-based therapy already in use in 
the clinical setting.
 Stem cells have the ability to divide indefinitely while maintaining 
the undifferentiated state. Under certain physiologic or experimental 
conditions, they can be induced to differentiate into specialized cells. 
 An Embryonic stem cell is defined by its origin; these are derived 
from the inner cell mass of the blastocyst, and can both self-replicate 
and are pluripotent. Pluripotent refers to the ability to differentiate into 
cells of all three germ layers. An adult stem cell on the other hand is an 
undifferentiated cell found in a differentiated tissue; they can renew to 
form cells of a particular type only. Adult stem cells are found amongst 
other organs in the bone marrow, brain, cornea and the retina. In the 
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retina, the stem cells have been isolated from the pigmented ciliary 
margin.
 Within the limitations of the current knowledge that we have, 
both embryonic stem cells and hematopoietic stem cells (from the 
bone marrow) have shown promise in differentiation towards retinal 
neuronal cells. These retinal neuronal cells may restore vision in 
patients who have degenerative retinal diseases by two possible 
means: (1) repopulation of the damaged retina (2) rescue of retinal 
neurons from further degeneration. However the ability of subretinally 
or intravitreously injected retinal stem cells to invade and integrate 
into the neural retina remains a puzzle. Studies suggest that several 
neurotrophic factors might play a role in the migration, integration 
and differentiation of these stem cells into the neural retina. Several 
embryonic cell lines have been established and several methods for 
culture, maintenance and the generation of different cell types of all 
germ layers have been developed, although many issues need to be 
resolved before they are harnessed as therapeutic regenerative tools.
 The use of embryonic stem cells has significant limitations. These 
include ethical issues, and a risk of teratoma formation. However the 
main concern is that the developmental cues that differentiate these 
cells into specific adult cell types are still not clear. While neural stem 
cells transplanted into the adult retina have shown some evidence of 
being able to integrate into the host retina, they have thus far failed to 
differentiate into retinal phenotypes.
 Bone-marrow derived stem cells overcome some of these limitations.  
These are easy to obtain and there are no major histocompatibility 
antigen issues.  However, direct injection of these stem cells into the 
eye is currently ineffective in the migration of these cells into the 
neurosensory retina; some stimulatory signals like growth factors are 
required to move the injected stem cells into the retina efficiently. 
 Stem cells offer an exciting prospect in the treatment of conditions 
like Retinitis Pigmentosa, Age-Related Macular Degeneration and 
Macular Dystrophies. They could also be an answer for retinal vascular 
diseases, including vascular occlusive diseases. Stem cells may also be 



Tamil Nadu Journal of Ophthalmology Vol. 47, Issue. 2138

useful in the treatment of surgically attached cases of ROP, FEVR and 
Retinoschisis.
 Stem cells therefore hold great potential for treatment of hitherto 
untreatable condition. However further research is needed on the type 
of stem cells for specific conditions, and the milieu in which they have to 
be to injected, and the situations where they can be utilized. Till such a 
point, stem cell therapy for retinal diseases remains an investigational 
tool at best.  
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Magnitude of blindness
 Blindness and vision impairment are often pronounced to be the 
major public health problems globally. There are 45 million blind & 269 
million visually impaired throughout the world. The number of people 
going blind is increasing by 2-3 million per year. As a result of it there is a 
huge economic burden on the national economies, an annual worldwide 
sum of around US$ 25 billion. India shoulders the largest burden of global 
blindness, estimated to be 15 million.  Nearly 60 - 70% of the blindness 
in India is treatable and is attributed to either age related cataract or 
refractive errors. Ophthalmologists and program planners have been 
able to effectively increase cataract surgical output from 1.2 million 
surgeries in 1992 to 5.2 million surgeries in 2008 with IntraOcular 
Lenses (IOL’s) used in more than 90% of cases. This transformation 
was possible due to factors like indigenous manufacturing of IOLs, 
equipment and supplies for cataract surgery, structured training 
programs, infrastructure development and coordinated efforts by the 
Government and the international Non-Governmental Organizations 
(NGO’s). However shift in demographics is leading to the increase in 
blinding eye problems like Diabetic Retinopathy, Age Related Macular 
Degeneration, Glaucoma, etc. These conditions assume greater 
significance due to the disease nature and are further aggravated by 
the lack of awareness in the community and availability of very few 
trained human resources, cost intensive capital equipments, etc. 
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Technological advancements in eye care
 Medical equipment plays a very significant role in the healthcare 
delivery system. A wide range of ophthalmic equipment is available for 
diagnosis and treatment of eye disorders. Especially in ophthalmology, 
there has been a major increase in the use of sophisticated instruments 
and equipments in the last decade. This has led to a higher quality of 
eye care service, resulting in an increased demand for eye care service 
from the general public. At the same time this has created a higher 
dependency upon the proper functioning of such equipment. There was 
a time, not too long ago, when a patient with a cataract was diagnosed 
at best with the help of a torch light. He/She was then operated and 
no sutures were applied. The patient was bilaterally bandaged and 
had to stay immobile in bed for about a month. We are now back to 
sutureless surgery, however there is a significant difference. The 
process of diagnosis has gone beyond determining just the presence 
of lens opacities. A keratometer is used to measure the curvature of 
the cornea and the astigmatism. Based on this, the surgical strategy 
is planned as to the site of the incision to reduce the astigmatism. An 
ultrasound scanner (A-Scan) is used to determine the length of the eye 
ball. This information, together with the keratometry values and the 
patient’s visual needs are used to compute the power of the IntraOcular 
Lens (IOL) to be implanted. Microscopes with good coaxial illumination, 
diamond scalpels and microsurgical instruments are used to make a 
very small incision, precisely in the planned location. A foldable IOL 
is inserted through the small opening after emulsifying and removing 
the opacified lens using a Phacoemulsifier. The patient is allowed to 
go home immediately and return to normal work within few days 
with instructions to follow a few basic precautions. A slit lamp is used 
throughout the patient care process starting with the preoperative 
assessment to all postoperative follow-ups. The visual outcome is 
almost guaranteed. Lasers of various kinds are used for a variety 
of applications. All this has become possible through sophisticated 
instrumentation that is rapidly becoming common. 
 This instrumentation is also quite expensive. A major part of 
any hospital project cost, which could go up to almost 60% consists of 
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biomedical equipment, ward equipment, service support equipment, 
utilities, hospital furniture, etc. Of this, biomedical equipment could 
account for nearly 40% of the cost. Keeping this in view it is essential 
to ensure proper selection and maximum utilisation of the equipment 
with minimum downtime. Rapid advancement in technology is making 
the entire management of equipment a complex task. If not planned 
and executed properly, acquisition of capital equipment may result in 
costly short and long-term problems that an institution or a practitioner 
must live with for many years. Poor decisions can affect the competitive 
position in the market and the long-term viability of the Institution.

Decision to buy equipment 
 Need drives the purchase of medical equipment, be it a new project 
or an existing one. The need is known from the ophthalmologist, the end 
users of the equipment. Depending on the patient flow, the demand for 
investigations and treatment increases, this in turn creates a necessity 
for the equipment. A decision to replace existing equipment should be 
based on the following factors:

Replacement due to either inadequacy, where the system no longer 
has the capacity to meet the level of demand of performance and 
services expected of it 
Owing to obsolescence - a new product is available that gives better 
service, improves patient care and gives better performance 
Because of high failure rate and the system requiring excessive 
repairs/ maintenance

Equipment planning and Selection 
The decision to purchase the ophthalmic equipment requires a better 
understanding of the clinical as well as economic benefits. All decisions 
are not based on economic factors, however, with increasing cost one 
needs to be aware of this aspect too. The typical economic issues that 
need to be addressed to adequately justify the investment are the 
following:

Appropriate charges for the procedure

●

●

●

●
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Anticipated revenue per year
Estimated expenses per year
Volume required for break even
Estimated financial returns over multiyear period

Equipment planning & purchase process

Having taken a decision to buy an equipment one should consult other 
users of the same equipment to gain better insight about the company 
and brand. In order to get the details of the possible users ask the sales 
person for the name of the hospital and physician who are using the 
particular product. The clinical benefits of ophthalmic equipment are 
well discussed and information on them is readily available in many 
publications. 
Availability of spares, after sales services and the reliability of the 
equipment should be taken into account while ordering the sophisticated 
equipment. Sophisticated biomedical equipment requires a host of 
utilities like air conditioning and refrigeration, stabilised power supply 
systems, etc. Supply of maintenance and service manuals, initial set of 
spares and an agreement on after sale service should form part of the 
purchase package.

●

●

●

●
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Selection of vendor
It is advisable to get quotations or proposals from at least three different 
vendors, if possible. The objective of careful vendor selection is to find 
the one most satisfactory source, or a number of alternative sources 
with adequate comparable qualifications. Thus succeeding orders for 
the same item can be placed with these suppliers with confidence in 
the original selection. Several criteria should be considered in selecting 
vendor sources, including: 

Reliability - Will the vendor fulfill all promises?
Price and quality - Who provides the best product at the lowest 
price?
Order-processing time - How fast will the delivery be made?
Guarantee - Does the vendor stand behind the products?
Financing - Does the vendor provide credit?
Long-standing commitment - Will the vendor be available over an 
extended period of time?
Innovativeness - Are the vendor’s product lines innovative?
Risk - How much risk is involved in dealing with the vendor?

Discounts are important, though sometimes overlooked in the overall 
equation for determining the right vendor. A cash discount is one that 
is offered for prompt payment of bills. Suppliers offer cash discounts in 
order to attract cash with which they can pay their own expenses. Cash 
discounts also reduce the supplier’s credit risks and losses from bad 
debts. Most suppliers have credit terms of 15 to 30 days, some longer, 
with a cash discount available for payment within 10 days. The astute 
purchase manager takes advantage of cash discounts by paying invoices 
promptly. Though the positives can be obvious, cash discounts may 
have a down side. Generally speaking, they should be taken advantage 
of unless the hospital is experiencing a cash flow problem. 

Ordering of equipment
No matter which vendor you choose, it is important that one establishes 
a clear understanding on what is expected by each party before the sale 

●

●

●

●

●

●

●

●
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is completed. The normal format for this agreement is the purchase 
order. Generally, a purchase order is written by the hospital’s purchasing 
department. A purchase order, in the simplest sense, is a document 
clearly stating everything you wish to purchase from a particular 
vendor and it represents an agreement between you and the vendor, 
of the terms of that purchase. Some items that need to be included in 
order to eliminate surprises or misunderstandings are:

Warranty terms
Payment arrangements
Delivery terms
Installation terms
Manuals to be included
Additional resources
Additional software
Maintenance or service contracts beyond the warranty period
Any wiring, plumbing or construction work that the seller or his 
contractor must perform in order to prepare the installation site.
Any other parts, assemblies or attachments for which you have 
negotiated
Additional arrangements for training or in-service either on or off 
site

Physical Site Preparation
Before receiving the materials the proposed site where the equipment 
will be installed has to be inspected for any limitations. The following 
points should be clearly checked and necessary arrangements to be 
made accordingly.

Can the floor structurally support the equipment?
Are freight elevators available and will the equipment fit? (Take 
the time to measure doorways and elevators.)
Are electrical connections in place and compatible?

●

●

●

●

●

●

●

●
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Will the new equipment interface with existing equipment and how 
will this be accomplished? 

It is always advisable to request that the vendor give notification 24-
48 hours before delivery so that any inadequacy may be rectified / 
addressed.

Receiving and Installation of equipment
 Equipment should be physically examined to confirm that goods 
are up to specification, and are of the correct quantity and quality. For 
services the requestor should confirm that all parts of the service have 
been carried out satisfactorily. If the materials don’t confirm to the 
specifications in the purchase order, raise the issue with supplier and 
request replacement or fulfillment of whole order etc, agreeing on a 
timescale for completion. 
 Safety is another important factor, both for the equipment, 
operators/ technicians and maintenance personnel. This would mean 
providing exact power supplies, perfect grounding/ earthing at every 
electrical point, proper location of equipment, avoiding high voltage/ 
frequency areas and facilities. During the installation the necessary 
training may be provided to the users and they should receive the user’s 
manual and the details of the parts and its schematics. It’s advisable 
to include all these specification at the time of preparing the purchase 
order.

Maintenance & Care
 Maintenance of equipment and instruments has to be an integral 
function of any activity that involves their use in any significant way. 
Maintenance management is a well evolved discipline and it is well 
recognized in the industry. However, in health care it is yet to gain 
the importance that it deserves. This is probably due to the history of 
medical practice where till recently there was very little dependence on 
instrumentation or equipment, either for diagnosis or for treatment.
Certain basic procedures should be followed to ensure efficient 
maintenance of equipment. Such systems can make sure that down 
time of certain equipment is kept to the minimum; major problems are 

●
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minimized; maintenance costs are reduced; and the equipment is kept 
in optimal working condition.
An Equipment folder should be maintained for every equipment and 
instrument. This folder should contain the following information:

Purchase details
Record of preventive maintenance carried out
History of repairs done with details of spare parts used and their 
cost

 In spite of good maintenance, equipment do breakdown suddenly, 
hence it is important to plan for the spares. The spares can be classified 
into two based on those whose consumption can be predicted like bulbs, 
battery cells, rubber etc., and others whose usage can’t be predicted 
like fuses, bolt, nuts, etc. Thus keeping stock that would last for about 
6 months and placing orders for the next consignment when the stock 
reduces to about 50 %, is a useful formula to follow.
 For expensive equipment that involves high technology for 
which spare parts may not be readily available, annual maintenance 
contracts offered by the supplier is a better choice. This will also serve 
as insurance when there is any major breakdown in the equipment.
 Due to change in technology and new instruments coming in, 
old equipments may get pushed aside. Instead of letting them remain 
idle it could be disposed off. If such disposal is only for scrap value of 
the instrument, it would be good idea to remove all the screws, nuts, 
washer and optical elements from the instruments. These components 
could be used as spares for repairing similar instruments. Wherever 
possible, the best option would be to trade in the old equipment for the 
new ones.
 Our society is constantly looking for ways to improve access to 
a higher quality, more efficient healthcare delivery system. Many 
strategies have been tried and others will be tested in the future, but 
it is clearly evident that we have not yet found the optimal approach. 
The doctors also need to involve themselves in the process, because 
their excellence and expertise of even world class treatment become 

●

●

●
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unproductive, if they don’t get the quality equipment and materials. 
It is right to mention that hospitals need to assign due importance to 
the management of equipments and instruments because this is a focal 
point influencing the performance of almost all the hospital personnel 
to be able to provide quality care. 

Dr. S. Aravind -  Equipment Management in Eye Care
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Ophthalmic Quiz
Dr. Aditya Neog

A 38 year old female patient presented with complaints of diminution 
of vision in both eyes for past 3 years. She underwent laser iridotomy 
in both eyes elsewhere 1 year back. The best corrected visual acuity 
was 6/6 (BE). There was no family history of glaucoma and she was not 
on any medications. Anterior segment examination was unremarkable 
except for a shallow peripheral AC depth (Van Herricks Grade II) and 
a deep central AC depth. Iridotomy was noted to be patent in both eyes. 
Intraocular pressure by applanation tonometry was 20 mm Hg (RE) 
and 28 mm Hg (LE). Gonioscopy in dim illumination showed closed 
angles, opening to scleral spur on indentation in both eyes. Pachymetry 
was 470 µ (RE) and 499 µ (LE). Post dilated intraocular pressures were 
recorded as 30 and 36 mm Hg. Fundus examination of both eyes showed 
glaucomatous optic neuropathy.

Consultant, Sankara Nethralaya 
18, College Road, Chennai-600006.Tamil Nadu, India. Tel: 91-44-28271616 / Fax: 91-44-28254180   
Email: adityaneog@yahoo.com 

Figure1 – Slit lamp photo of Right eye Figure2 – Slit lamp photo of Left eye

Figure3 – Gonio photo of Right eye (taken 
during indentation gonioscopy)

Fig. 4 – Ultrasound Biomicroscopy (UBM) 
of Right eye
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Questions:
1. Describe the clinical features?
2. Name the diagnosis?
3. What are the other features of this condition?
4. Cause for increased IOP?
ANSWERS

1)  Plateau Iris Syndrome.
2)   Gonioscopy reveals a greater force required for opening the narrow angle than 

a pupillary block. Iris angulates forwards and then deepens centrally with 
‘sine wave sign’(shown by red arrow).

3)  Ultrasound biomicroscopy (UBM) shows angle closure (A) in the presence of 
anteriorly situated ciliary processes(B) supporting the peripheral iris against 
the trabecular meshwork 

4) In the presence of a patent iridotomy, options include
 a. Argon laser peripheral iridoplasty
 b. Long term miotic therapy
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