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Academics, Research and Clinical Work: the Balancing Act

Lingam Gopal

Before we talk about the balan-
cing act, let us discuss what can
define each of the three activ-
ities that comprise the clini-
cian’s work schedule: clinical
work, academics and research.

Clinical work can be defined
as the direct interaction with

patients related to the amelioration of their illness.
This is perhaps the most important reason why we
have qualified as doctors. Academics can be
defined as acquisition and dissemination of knowl-
edge while research can be defined as the delving
into the world of unknown or partially known.

Practice of clinical medicine involves broadly
speaking, diagnosing the condition, administra-
tion of medical treatment and performing surgical
procedures where needed, with compassion as the
main driving force. Academics as we practice
involves interaction with trainees, publishing in
peer reviewed journals, presentation in confer-
ences etc. Research can be purely clinical or a
combination of clinical and basic science research.

At their core however, all the three facets of our
functioning would need relevant knowledge, logical
thinking, sound judgment and practical experience.
The knowledge acquired initially through proper
training and teaching during our formative years
forms a good basic foundation. However, an equal or
more amount of knowledge is added by constant
updating through journals, conferences, visiting
senior clinicians etc. This acquisition of knowledge
helps in turn to treat our patients better. One should
remember that, in this era of the internet, the patients
can be more informed than the clinicians about the
most recent developments—since they will be con-
centrating on digging into information on one
disease that they are interested in.

Academics helps one to keep abreast of latest
developments. The preparation for lectures, inter-
action with the trainees, writing articles for jour-
nals, reviewing articles written by others etc. are all
ways of enriching one’s mind. It is not a waste of
time nor is it second in its importance to clinical
care. It is a vital activity to maintain one’s talents
as a good clinician. Hence it is not a question of
clinics versus academics but clinics and academics
for as long as we are practicing medicine.

I would recommend everyone to read the book
by Arthur Hailey, ‘The final diagnosis’. Fifty years

after it was written, it is still relevant in its
message. A great pathologist had to resign in
ignominy when he fails to keep up with knowl-
edge and makes a blunder.

Research is like the icing on the proverbial cake.
It is mentally stimulating and generates creativity
in a person. Even the very act of trying to write a
grant application is a huge learning process. A
clinician–researcher cannot say he/she will not see
patients but do only research. Where will the ideas
come from, if one does not see enough clinical
spectrum of disease? Research does not have to be
always in the form of a major project. Small ideas,
which can potentially improve the delivery of
health care or make it more efficient, can also be
research projects. Interaction between clinicians
and basic scientists creates a fertile ground for gen-
erating new ideas that can be converted to good-
quality research projects.

Having said that, research can still be optional.
There may be many reasons why a clinician may
not be able to indulge in research—interest or lack
of it, available time, priorities etc.

Balancing is a part of life in general and
equally applicable to the professional life. While
one can prioritize what one wants to do and what
one does not want to do, there is one activity, we
as clinicians are committed to do and hence duty
bound to do—i.e. good patient care. To enable this
to be consistently of the highest order, academics
is a must.

We have to run to stay at the same place, lest
we are dragged backwards and have a shameful
fall. Often one offers ‘lack of time’ as an excuse.
But more often than not—‘improper utilization of
time’ is the cause. One should seriously ask
oneself if the time off from clinical work is prop-
erly utilized. Setting long-term goals and short-
term targets is a good way of proportioning this
academic time and making best use of it. Research
(done to any extent) tends to round off the profes-
sional satisfaction one gets. If one does not want
the icing on the cake, so be it.

Broadly, one should be able to do justice if
80% of time is allocated for clinical work; 10%
for academics and 10% for research, with the
proviso that the time is well utilized for the
purpose intended. Finally, one should remember
that there is never enough of what we want—
money, affection, time, power etc.
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Diabetic Macular Edema

Rajiv Raman and Muna Bhende

Introduction
Over the last one decade the management of dia-
betic macular edema has undergone a paradigm
change.1 This is attributed to the newer diagnostic
tests and pharmacological agents. There are
enough good randomized controlled trials to prove
the efficacy of these drugs. However, in clinical
practice, there are many situations where the
application of the findings of these clinical trials
is often difficult. The aim of this article is to have
a consensus statement on initial workup, diagno-
sis and management of diabetic macular edema.

Initial assessment of diabetic
macular edema
History

• History regarding duration of diabetes, past
glycemic control (hemoglobin A1c),
Medications (especially insulin, oral hypogly-
cemics, antihypertensives, and lipid-lowering
drugs), systemic history (e.g., renal disease,
cardiovascular events, systemic hypertension,
serum lipid levels, pregnancy).

• History related to drugs causing macular
edema (Thiazolidinediones, fingolimod (used in
MS), tamoxifen, taxanes, niacin, interferons
and prostaglandin analogs).2–8

Ocular examination

• Detailed patient assessment should include a
complete ophthalmic examination, including
visual acuity (preferably by a ETDRS/Log MAR
chart) and the identification and grading of sever-
ity of DR and presence of DME for each eye.9

Investigations
OCT

• All patients with DME should undergo OCT
(Both Raster and radial scans). Retinal thicken-
ing (Central subfield and inner ETDRS ring
thickness measurement), presence of
vitreomacular adhesion or traction and mor-
phological features like presence of neurosen-
sory detachment, cystic spaces, foveal contour
should be noted.

• The features suggestive of prognosis-like hori-
zontal and vertical extent of IS-OS disruption,
ELM disruption and hyper reflective foci (HFs)
within the neurosensory retina should be
noted. However, in presence of gross cystoid

macular edema, often it is difficult to assess
these features.10

Fundus fluorescein angiography

• Desirable to have baseline FFA done in all
cases with DME. If otherwise contraindicated,
at least a baseline fundus photo (ETDRS 7
Field) should be done.

• Preferably in cases where vision loss is dispro-
portional to clinical picture (ischemic maculo-
pathy), in cases where there is a suspicion of
neovascularization, in cases of mixed retino-
pathy and those who are non-responders to
treatment.

• Avoided in pregnancy, patients with history of
serious adverse events during previous FFA
and patients with allergy to fluorescein and
severely impaired renal function.

Systemic

• Monitor fasting and post-prandial sugars, past
glycemic control (hemoglobin A1c), Blood
pressure and lipid profile (preferable in patient
presenting with extensive exudates at macula)
anemia and Renal function tests (Blood
urea creatinine and microalbuminuria/
albuminuria).11,12

• Either access the patients recent records/ask
the patient to get these tests done and show to
his treating physician/or order the investiga-
tions and then appropriately refer to physician.

Center-involving and non-center involving diabetic
macular edema
Assessment: clinically by Slit lamp biomicroscopy
and by SD-OCT

Center involving DME
Clinically: On clinical examination, definite
retinal thickening due to diabetic macular edema
involving the center of the macula.

On SD-OCT

• Loss of foveal contour

• Cystic space involving center of fovea.

• Neurosensory detachment involving the center
of fovea

• Retinal thickening on SD OCT: central subfield
thickness on OCT >290 μm for women, >305
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μm in men on spectral domain OCT (Zeiss
cirrus). Heidelberg spectralis: ≥305 μm in
women, and ≥320 μm in men.13

Must check the accuracy of OCT scan by ensur-
ing it is centered and of adequate quality (for
Zeiss Stratus, standard deviation of center point
thickness should be ≤10% of the center point
thickness and signal strength should be ≥6).

Non-center involving DME
Clinically: On clinical examination, definite
retinal thickening due to diabetic macular edema
within 3,000 μm of the center of the macula but
not involving the center of the macula.

On SD-OCT
Cystic spaces and/or retinal thickening in non-

central macular subfields

Center and non-center involvement in CSME
CSME is a form of DME that was precisely defined
by the ETDRS as any of the following criteria
being met14:

1 Any retinal thickening within 500 μm of the
center of the macula.

2 The presence of hard exudates at or within
500 μm of the center of the macula, if asso-
ciated with thickening of the adjacent retina
(not residual hard exudates remaining after the
disappearance of retinal thickening)

3 A zone, or zones, of retinal thickening 1 disk
area or larger, any part of which is within 1
disk diameter (1 disc = 1500 μm) of the center
of the macula.

Criterion 1: Center involving; Criterion 2 and 3:
non-center involving

Management of Diabetic macular edema
Situation 1: Non-center involving macular edema
Laser according to the ETDRS guidelines14,15:

• Focal photocoagulation: treatment of individ-
ual microaneurysms that fill with fluorescein
and/or leak, as well as other points of leakage
such as intraretinal microvascular
abnormalities.

• Optional: treatment of microaneurysms (or
punctate hemorrhages) <125 μm in longest
diameter that did not fill with fluorescein;
leaks within hemorrhages; treatment of micro-
aneurysms or other focal points of leakage in
the retina further than 2 DD from the center of
the macula.

• Avoid: treatment of nerve fiber layer retinal
hemorrhage (flame or splinter hemorrhage)
and blot hemorrhage >125 μm in size.

• Grid laser treatment of areas of thickened
retina showing diffuse fluorescein leakage and/
or capillary dropout.

Situation 2: Non-center involving macular edema with
few cystic spaces involving fovea (minimal center
involvement)16

• If the vision is compromised, intravitreal
anti-VEGF can be the treatment of choice

• If good vision (6/6), asymptomatic: laser
according to the ETDRS guidelines

• If symptomatic and vision is good (6/6): intra-
vitreal anti-VEGF

Situation 3: Center involving macular edema converting
to non-center involving macular edema after
intravitreal injections

• During monthly follow-up after anti-VEGF
treatment the visit in which the edema
becomes non-center involving, laser according
to the ETDRS guidelines can be done.
However, the follow-up visits after anti-VEGF
injections should be continued as usual.

Situation 4: predominantly non-center involving
macular edema (ring of circinates) after intravitreal
injections or laser with plaque of hard exudate and
normal foveal contour

• Control of systemic status (serum lipids), refer-
ral to physician to initiate lipid lowering drugs.
Intravitreal steroids (1st Choice) can be consid-
ered after assessing the risk (Glaucoma). Laser
may aggravate subfoveal deposits and should
be avoided.17

Situation 5: treatment naïve center—involving macular
edema
Anti-VEGF therapy is the first line of treatment
for all DME patients without traction but with
central involving macular edema. On monthly
follow-up, look for Visual acuity and OCT for
improvement.

• OCT and/or vision shows improvement: con-
tinue the treatment with anti-VEGF

• OCT shows progressive improvement but vision
not improving: continue anti-VEGF, but con-
sider angiogram to look for ischemia at 3
months.

• Vision improving but no OCT improvement:
continue the treatment with anti-VEGF. Can
consider adding laser, also look for VMA.

• No improvement on OCT and no visual gain:
At 3 months, consider angiogram and then
plan rescue treatment. Either switch to other
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anti-VEGF agent or consider steroid or con-
sider adding laser.

When to stop injections18:

• ‘Success’; vision improved to 6/6 and on OCT,
return to normal foveal contour with reversal
of thickening, disappearance of cystic spaces
and NSD.

• ‘No further improvement’ Defined as <10%
decrease in central subfield thickness and <5
letter increase in visual acuity since the most
recent injection and, in the opinion of the
treating ophthalmologist, it seems unlikely that
additional treatment would provide any further
benefit.

Once injections are stopped, close monitor-
ing (at least every 3 months) with either an
as-needed or a ‘treat and extend’ treatment
approach should be done.

Retreatment should be considered in any
case that involves significant fluid reappear-
ance. However, clinical judgment is required.

When to switch to other agents

Patients with progressive worsening of vision
over three consecutive visits in the presence of
active DME (i.e., when other causes of vision loss
have been excluded) can be considered as
non-responders.

Situation 6: Previously treated center—involving
macular edema with multiple Anti-VEGF injections/
Steroid injections/laser

• Stable: Control of systemic factors and
follow-up based on time of last injection.

• Resistant: Evaluate with FFA and OCT.
✓ Identify the ETDRS treatable lesions (retinal
microaneurysms located between 500 and
3000 μm from the foveal center, retinal
microaneurysms located between 300 and 500
μm from the foveal center causing persistent
CSME despite first laser treatment, areas of
diffuse retinal leakage that could arise from
microaneurysms, dilated capillary bed or
intraretinal microvascular abnormalities and
thickened ischemic zones) and treat if present.

✓ Carefully evaluate the follow-up protocols
and response of previous treatments. Try to
find out which treatment had the best
response. Initiate the treatment with the same
pharmacological agent and follow-up closely.

✓ Evaluate the systemic control of Diabetes,
lipids, hypertension. Assess the renal status.
Refer to a physician for adequate control.

• Recurrent: evaluate with FFA and OCT. Treat
according to center involvement. Treat with
drug which had shown good response

previously. Evaluate the systemic factors for
recurrence.

Situation 7: Proliferative diabetic retinopathy with
macular edema

• If no traction: complete Pan retinal photo-
coagulation along with anti-VEGF and then
subsequent management of macular edema
according to the protocol.

• In presence of vitreous hemorrhage with hazy
view of retina with suspected diabetic macular
edema: PRP to the extent possible and
pharmacological agents.

• In the presence of extramacular traction: PRP
with burns 2 DD away from TRD, macular
edema can be treated as usual protocol.

• In the presence of traction threatening or
involving fovea: vitrectomy is indicated.

Situation 8: center involving macular edema with
vitreoretinal surface abnormalities

• Evaluate the vitreoretinal interface on OCT.

• Focal vitreomacular traction with macular
edema: vitrectomy is the choice.

• Extrafoveal traction site(s) without traction at
the vitreofoveal site: anti-VEGF treatment can
be initiated, with a close watch at the extra-
foveal traction site on follow-up. However, if
the traction is significant, option of IVTA/
Ozurdex can be considered.

• Broad adherent epiretinal membrane with
retinal thickening (VMA): in presence of
changes due to diabetic macular edema, cystic
spaces, NSD, retinal thickening, diffuse leak on
FFA: treat like center involving macular
edema. However, these show a relatively poor
response to pharmacological treatment.

• Broad adherent epiretinal membrane with
retinal thickening with no associated DME
changes as mentioned above and thickening
attributable to ERM: If asymptomatic; needs
observation with OCT on follow-up visits.
However, if symptomatic and shows worsening
on follow-up visits (drop in vision) can plan
vitrectomy with epiretinal membrane removal.
If planning vitrectomy the prognostic features
which should be taken into account include
initial visual acuity (poorer VA has poor prog-
nosis), OCT features like IS-OS defects and
breaks in ELM, FFA features like the presence
of ischemia, and status of optic nerve (pallor).
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Situation 9: Center involving macular edema in
pseudophakic eyes

• Differentiating pseudophakic from Diabetic
macular edema in presence of DR: diffuse
petalloid type of leakage with disc leakage on
the fluorescein angiogram and with very few
aneurysms and no hard exudates around the
macula is suggestive of pseudophakic macular
edema.

• Presence of diabetic macular edema with no
component of Irvine Gass: treat as center
involving macular edema. However, if compli-
ance is an issue one can initiate the treatment
with intravitreal steroids.

• Presence of both diabetic macular edema and
Irvine Gass: can plan treatment of diabetic
macular edema along with non-steroidal anti-
inflammatory drugs. If no contraindications,
intravitreal steroids can be considered as an
initial choice.

• Time to start treatment of DR in fresh pseudo-
phakia: if macular edema is detected after
cataract surgery, laser (macular) can be
initiated after 1 month (after uncomplicated
phacoemulsification); PRP if indicated can be
done early (with indirect laser delivery or
gentle slit lamp delivery after sterilizing the
contact lens) and intravitreal anti-VEGF can
also be planned after 1 month.

Situation 10: Macular edema during pregnancy19

• Pregnancy may promote the onset of DR (in
about 10% of cases) as well as contribute to its
worsening when already present.

• The proliferative retinopathy must always be
treated; treatment should be earlier in pregnant
women compared to non-pregnant women.

• Pregnancy can also cause macular edema; it
spontaneously regresses during postpartum
and therefore does not require immediate
treatment.

• However, if macular edema occurs early in the
pregnancy and there is progressive deterior-
ation of vision, laser/intravitreal steroids
should be preferred and anti-VEGF avoided.

Situation 11: macular edema in young type I diabetes

• Management of DME in type 1 diabetes is
similar to type 2; however, they need to be
referred to their physician for optimal glycemic
control.

• In cases of PDR with macular edema, there
is an increased risk of thickened PHF

contributing to edema. Clinical and OCT
assessment of this is important.

Situation 12: center involving macular edema in
vitrectomized eyes

• Pseudophakic eyes with center involving
macular edema: intravitreal steroids should be
considered as first choice in suitable cases.20

• In presence of recurrent vitreous hemorrhage
with center involving macular edema:
anti-VEGF are the better choice.

• Selected cases where the risk of IOP spike and
cataract is a concern: intravitreal anti-VEGF
can be considered. Close monitoring of IOP
and counseling of patient is important.
Consider choosing dexamethasone over IVTA
to reduce IOP spikes.

Situation 13: ischemic macular edema

• Access the ischemia with FFA and OCT
FFA: the minimum criterion for diagnosing

macular ischemia is moderate FAZ
irregularities.21

○ Moderate irregularities is defined as abnor-
mally dilated and tortuous capillaries budding
into the FAZ, terminal arterioles/venules dir-
ectly abutting FAZ margins, and enlarged
intercapillary spaces around the FAZ. The size
is a minor criterion compared to the irregular-
ity of FAZ. Ischemia was diagnosed only
when the longest diameter of FAZ was ž 1000
µ (the measurements should be made digitally
using a FF 450plus fundus camera [VISUPAC
system, Carl Zeiss, Germany].

○ Severe FAZ irregularity is defined as the
destruction of the FAZ architecture: grossly
enlarged FAZ with ‘pruned off’ arterioles.

○ Normal FAZ is defined as an FAZ <1000 µ
in the longest diameter, regular and round/
horizontally oval in shape. Mild undulations
of FAZ were also considered normal.

• Can also grade ischemia using ETDRS grading
system,22 from 0 (normal), to 1 (questionable),
2 (less than half the original circumference
destroyed), 3 (more than half the contour
destroyed but some remnants remain), and 4
(capillary outline completely destroyed).

• Assessing ischemia on OCT: DME in presence
of ischemia has retinal thickening in the outer
retinal layers. Inner retinal layers, including
the ganglion cell layer (GCL) and RNFL, are
thinned.

• In FFA grade 1 and 2: treat as non-ischemic
(Center and non-center involving)
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• FFA Grade 3: avoid laser photocoagulation,
can consider steroids in the presence of center
involving macular edema

• FFA Grade 4: would not benefit from any
treatment.

Situation 14: center involving macular edema with
history of recent stroke

• If a patient had stroke (cerebrovascular acci-
dents) or myocardial infarction, within last 3
months, do not initiate treatment with
anti-VEGF. Treatment with laser or steroids
can be considered in these patients.

• If the history is >3 months old, the treatment
can be initiated with anti-VEGF. However, if
systemic risks of thromboembolic phenomenon
are significant, it is best to consult a physician
first.

Situation 15: diabetic macular edema in
glaucomatous eyes

• In eyes with established glaucoma/glaucoma
suspect/ocular hypertension: avoid intravitreal
steroids. Even if intravitreal anti-VEGFs are
used, monitoring of IOP and if required aug-
mentation of anti-glaucoma medications is
required.

• For rescue treatment in this group, laser photo-
coagulation is preferred.

Situation 16: considering diabetic macular edema for
vitrectomy

• Focal vitreomacular traction: vitrectomy is the
choice.

• Broad vitreoretinal adhesion: if anti-VEGFs
and rescue treatment have failed to resolve the
macular edema and the ophthalmologist feels
that there is a scope of improvement, vitrec-
tomy can be considered.

• Diffuse diabetic macular edema: if does not
show desired outcome after primary and recue
treatment, can be considered for vitrectomy
with or without ILM peeling. Patients vision,
optic disc status, and macular perfusion need
to be evaluated first.

Situation 17: Cataract with Diabetic macular edema

• Diabetic macular edema with cataract: as long
as there is a clear enough view to see DME
clinically and on OCT treat DME according to
the protocol. Once macular edema is treated,
one can plan cataract surgery. Ideally we can
wait for 3 months after cataract surgery.

• However, if the view is not good enough to
treat DME, cataract surgery can be done either
along with intravitreal anti-VEGFs, or 2 weeks
after surgery and subsequent protocol
continued.

• If the view is clear and treatment initiated, but
even after three to four injections, the edema
has not resolved; and during this time cataract
has worsened: cataract surgery can be planned
and treatment of DME continued thereafter.
Can consider concurrent intravitreal injection
or injection post-surgery based on logistics.

• If during treatment of DME, patient also devel-
ops PCO, NdYAG capsulotomy can be planned
and treatment of DME can be continued as
usual.

Situation 18: diabetic macular edema with optic nerve
abnormalities
Differentiating NA-AION, papillopathy and
papillophlebitis:

• NA-AION: the optic disc edema in NAION may
be diffuse or segmental, hyperemic or pale, but
pallor occurs less frequently than it does in
AAION. A focal region of more severe swelling
often is seen and typically displays an altitud-
inal distribution, but it does not correlate con-
sistently with the sector of visual field loss.
Diffuse or focal telangiectasia of the edema-
tous disc may be present, occasionally promin-
ent enough to resemble a vascular mass or
neovascularization.

• Papillopathy: acute onset of unilateral or bilat-
eral disc edema in usually in young, type 1
diabetics, sometimes even type 2 diabetes,
without the usual defects in visual field and
pupillary function associated with NAION or
optic neuritis.

• Papillophlebitis: typically shows more prom-
inent retinal venous congestion, peripheral
retinal hemorrhages.

• In AION cases, FFA shows early disc hypo-
fluorescence due to hypoperfusion with late
leakage around the affected segment. However,
in diabetic papillopathy cases the FFA shows a
very early disc leakage that increases through-
out the study. The early hyperfluorescence is
most likely due to telangiectasia of the optic
disc. Fields typically show altitudinal defect in
NA-AION which are not seen in papillopathy.

NA-AION with macular edema: differentiate
whether the macular edema is due to Macular star
seen in NA-AION or diabetic macular edema. FFA
plays an important role. Identify the presence of
DR lesions which can cause edema (MA, diffuse
leak, IRMA). If it is due to diabetic macular
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edema, treat as either center involving or non-
center involving. If it is due to NA-AION, treat-
ment of NA-AION would resolve the edema, no
treatment by intravitreal injections is required.

Papillopathy with diabetic macular edema:
treat the macular edema as any other diabetic
macular edema.

Papillophlebitis with macular edema: FFA to
determine whether the macular edema is due to
diabetes or vein occlusion. If due to diabetes, treat
as any other diabetic macular edema. In these
cases, one should rule out inflammatory causes
as well.

Situation 19: diabetic macular edema with anemia

• In the majority of patients, the anemia is
related to renal dysfunction and may require
subcutaneous erythropoietin injections for
treatment. The macular edema usually
improves with it; however, one should keep a
close watch on proliferative component, as
erythropoietin can worsen the same.

• Anti-VEGF can be the preferred agent in pres-
ence of anemia and center involving DME.

Situation 20: diabetic macular edema with mixed
retinopathy

• The management of diabetic macular edema
remains unchanged; however, the history of
cardiovascular risk factors should be sought
and if required a physician consultation should
be done.

• In cases of accelerated hypertension, anti-
VEGF should be avoided.

Situation 21: Diabetic macular edema with lattice
degenerations
A careful examination of the periphery, and
prophylactic treatment of any lesions that could
predispose to RD, is preferable. The gap between
laser prophylaxis and the injection should ideally
be 3 weeks.

Challenges in any intravitreal injection among
diabetics
Need for bilateral injection: On many occasions
there is a requirement of multiple Anti-VEGF
injections in both eyes. Ideally a gap of a week or
at least 3 days should be kept between both the
eyes.

Patient with non-healing foot ulcer: This poses
a risk of infection. Before injections make it sure
the patient is in care of a surgeon/physician. The
attendant and patient should be counseled to do
foot dressing before doing ocular dressing or
instilling the drops. In presence of active infection,

intravitreal injections should be avoided. Look for
non-invasive alternatives such as laser if feasible.

Fluctuating glycemic control: These patients
pose a challenge for the treating physician, as
before each anti-VEGF injection, the blood sugar
has to be <200 mg%; fluctuating glycemic control
can alter the compliance of regular intravitreal
injections.

Monthly follow-up: As diabetics, often also
have other co-morbid conditions which require
regular care like nephropathy, cardiovascular pro-
blems, neuropathy etc.; regular monthly follow-up
may not be feasible in some of them. If compli-
ance is an issue, laser treatment can be
considered.

Conclusion
Management of diabetic macular edema is a chal-
lenging situation; as in clinical practice we come
across many combinations of phenotypes and
clinical scenario. The choice and protocols of
management may slightly differ; however, princi-
ples of treatment remain same. The clinical trials
in the last decade with pharmacotherapy have
largely helped in changing paradigms in manage-
ment of DME.
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Micro Incision Vitrectomy Surgery (MIVS): An Overview

Pramod S. Bhende and Aneesha Lobo

Introduction
In today’s world of nano-technology where bigger
no longer means better, everything from smart-
phones to surgical incisions are getting smaller
and more refined. The advantages of smaller sur-
gical incision have resulted in faster postoperative
recovery.

Vitreoretinal surgery is no exception. We have
come a long way since the time of open sky
vitrectomy and Machemer’s first 17-gauge closed
pars plana vitrectomy (PPV) in 1971.1 In 1974,
O’Malley and Heintz2 introduced a smaller
20-gauge (G) vitrector (0.9 mm diameter) for use
with the three-port sclerotomy system that became
the gold standard for modern PPV and has been
the standard of care for almost three decades.

However, in current times, just attaching the
retina is not enough. Variables like patient
comfort (both intra and post-operative), surgical
time and precision, post-operative recovery time,
surgically induced refractive error, cosmesis, etc.
are becoming increasingly important. To take
these factors into account, ‘Transconjunctival
sutureless vitrectomy’ (TSV), subsequently
renamed and popularly known as microincision
vitrectomy system (MIVS) has come about. The
25-gauge vitrectomy was introduced3 in 2002 by
Fujii et al followed by the 23 gauge in 2005 by
Eckardt4 and Stanley Chang which combined
the benefits of 20 and 25 gauge. In 2010,
Oshima introduced even smaller, 27-gauge
instrumentation.5

As a result of these advances, vitreoretinal sur-
geons now have multiple choices when determin-
ing their operative approach. In this article, we
would like to give a brief overview of the various
MIVS systems available.

Instrumentation
In MIVS, three micro-cannulas are inserted in the
pars plana (with the help of insertion trocar)
through the conjunctiva and sclera through a
two-step incision. The infusion line and vitreoret-
inal instruments are then introduced into the vit-
reous cavity through these cannulas. At the end of
the procedure, the cannulas are removed without
suturing either the sclera or the conjunctiva.

The inner diameters of the 25- and 23-gauge
cannulas are 0.57 and 0.65 mm, respectively,3,4 in
contrast to the 0.9 mm diameter of a conventional
20-gauge incision while that of the 27-gauge
cannula is 0.4 mm.5 These narrow incisions do not
need to be sutured, thus providing minimal surgi-
cal trauma and brief recovery times.

In comparison to 20 gauge, the MIVS cutter
port is smaller and closer to the tip (Fig. 1). A
smaller port and a proximity closer to the tip
maybe advantageous when performing complex
manoeuvres, such as shaving of the vitreous base,
working near detached mobile retina, membrane
segmentation or delamination. The MIVS system
also comes equipped with higher cutting rates
extending up to 5000–8000 cpm; which reduces
the likelihood of uncut vitreous fibers going
through the cutter port, thereby reducing dynamic
vitreoretinal traction with less chance of iatro-
genic retinal tears and damage to the retinal
surface. To achieve this high cutting rate without
vibrations for better stability and precision cutting
newer cutters do not have spring to drive the
guillotine.

Rigidity
The main concern while using the smaller gauge
instruments is the bending or breakage of the
flexible instruments and difficulty in manoeuvring
the globe with the help of these flimsy instru-
ments. This problem is more noticeable with the
25- and 27-gauge instruments as compared to 23
gauge. In order to overcome this, second gener-
ation instruments, 25+ and 27+, respectively, have
been introduced by adding 5 mm supporting
sleeve near proximal end to make instruments
stiffer and less malleable. However, this reduces
the effective working length of the instrument
which is disadvantageous while operating on eyes
with longer axial lengths. Careful positioning of
the sclerotomies can also reduce tool flexion.

Illumination
Reducing the diameter of a light pipe by 20%
theoretically reduces the amount of illumination
by ∼35%. The conventional illumination (halogen)
used in 20-gauge PPV is not adequate for MIVS.
Currently, with the new-generation xenon and
mercury vapor illumination sources, illumination
inside the vitreous cavity has greatly improved.
When combined with chandelier illuminators or
multifunction instruments, these sources have
made bimanual microincisionvitrectomy a reality.

Aspiration and flow rates
In accordance to the Poiseuille’s law, which states
that the flow through a tube is proportional to the
fourth power of the radius of the tube, it is
evident that even a minor reduction in the inner
diameter of the tubing will result in a significant
reduction in the flow across the tube. As a result
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Fig. 1. 23G cutter port is closer to tip compared to 20G cutter

Fig. 2. Dual actuation lines (ALCON) allows duty cycle control, to make cutting more effective

Fig. 3. Comparison between B&L and Alcon 25 gauge probe
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of different flow characteristics imparted by a
reduction in the size of the opening of small-
gauge vitreous cutters, higher infusion and aspir-
ation rates are necessary to optimize flow and vit-
reous removal. Higher aspiration flow rates will
reduce the surgical time but at the cost of risking
inadvertent breaks and retinal engagement in the
cutter port, especially when working in the periph-
ery or with detached retina. ‘Aspiration flow limit’
is a feature complimentary to variable duty cycle
and high cut rate in newer machines and once set,
it maintains continuous state of fluidic stability in
the eye, preventing sudden decrease in intraocular
pressure and pulsatile traction on the retina.

Complications
Wound leakage
Post-operative wound leak has always been a
concern with MIVS.6 These issues can be
addressed by proper wound construction.
Displacement of the conjunctiva before entry so
that the conjunctival and scleral incisions are mis-
aligned has found to reduce wound leakage.
Oblique/angled entry has less incidence of wound
leakage as compared to perpendicular entry and
biplanar incisions are advantageous over uni-
planar ones.

Previous vitrectomy contributed to wound
leakage in 23-gauge vitrectomy in a study con-
ducted by Woo et al.7 Previous sclerotomy sites
are structurally weaker because of scarring and
fibrosis and reduced rigidity of the sclera could
increase the likelihood of wound leakage. A clin-
ical study8 using 25-gauge MIVS did correlate
younger age as a contributing factor for early
postoperative hypotony. Gupta et al.9 found post-
operative day 1 intraocular pressure to be statistic-
ally lower than preoperative pressures, when eyes
were left fluid filled. This was not the case in air
or gas filled eyes.

Post-operative endophthalmitis
Kaiser et al. in their presentation at the 2007 Vail
Vitrectomy meeting reported 0.23% incidence of
endophthalmitis in 3103 consecutive eyes under-
going MIVS. This is in contrast to only one case
of endophthalmitis in 5498 consecutive 20-gauge
vitrectomies (an incidence of 0.0018%) performed
by the same surgeons, at the same institution,
over the same period.10 However, four other
studies (three with level II evidence) that compared
rates of acute endophthalmitis between 20- and
25-gauge vitrectomy did not show(11–14) a statis-
tically significant difference in incidence of
endophthalmitis. In a similar comparative study of
23-gauge and 20-gauge cases, no case of
endophthalmitis was observed among 943 eyes
after 23-gauge PPV.15

Indications of MIVS
23 Gauge
Though it can be used universally, 23-gauge system
is ideally suited for rhegmatogenous retinal
detachment surgery and for diabetic vitrectomies. It
can also be used in cases of endophthalmitis and
trauma especially foreign body removal.

25 and 27 Gauge
They are more suitable for macular surgery
(Macular hole/macular pucker/epiretinal mem-
brane) and simple cases of vitreous hemorrhage.Fig. 4. Four-port vitrectomy for ROP using MIVS

Fig. 5. Alcon 27 gauge vitrectomy system
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Branch vein decompression (sheathotomy) can
also be performed. 25G instruments are also pre-
ferred in pediatric cases.

Advantages of MIVS over conventional 20 gauge

• Sutureless procedure: so better patient comfort.

• Less inflammation: faster healing and recovery
of visual acuity.

• Less surgery induced refractive error.

• Reduced conjunctival scarring: Useful for
patients requiring multiple surgeries and also
prior to or anticipated glaucoma filtering sur-
geries or candidates with ocular surface
disorders.

• Port design helps in more complete vitrectomy
and easier dissection of proliferative
membranes.

• Higher cut rates and smaller port aperture
reduces the chances of inadvertent retinal
breaks.

Disadvantages of MIVS when compared to 20 gauge

• Actual time for performing vitrectomy may be
longer

• Not suitable for cases where extensive dissec-
tion is needed and in eyes where fragmatome
have to be used

• Higher infusion pressure may cause optic nerve
damage

• Smaller incision may limit the maximum flow
across the port

• Flimsy instruments which may deform or
break during surgery

• With long trocar blade, there is an increased
risk of retinal injury in eyes with anteriorly
displaced retina

• Increased risk of post-operative hypotony,
choroidal detachments and endophthalmitis
due to gaping wounds

Conclusion
The development of MIVS has provided surgeons
with new options in the surgical treatment of

vitreoretinal diseases. Each system has its advan-
tages and disadvantages. The optimum gauge and
settings have to be selected after careful deliber-
ation to provide the best possible surgical
outcome.
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Endophthalmitis: Current Trends, Drugs and Protocols

Aditya Verma, Vinata Muralidharan and Eesh Nigam

A brief summary of management of endophthal-
mitis is being highlighted with pertinent informa-
tion regarding the relevant and most commonly
used antibiotics. Endophthalmitis, in any clinical
presentation, should be considered as an ophthal-
mic emergency. Tailored approach to each individ-
ual patient is warranted.

Definition: Inflammation of intraocular fluids and
tissues (Fig. 1), which can be either infectious or
sterile.

Classification (based on etiology):1

a Exogenous (post-operative [most common],
traumatic, local spread).

b Endogenous (metastatic): hematogenous spread.

c Non-infectious (sterile uveitis, lens induced/
phaco-anaphylactic, sympathetic ophthalmia).

Nuggets
1. The most common etiology of

endophthalmitis is post-operative (cataract
extraction and bleb related endophthalmitis).2

2. The acute and fulminant presentations of
endophthalmitis should be differentiated from
Toxic Anterior Segment Syndrome (TASS).

Work sheet of a case of infective
endophthalmitis

At presentation

1. History taking (Table 1)

a Inciting event: surgery (cataract/glaucoma/
vitreoretina/keratoprosthesis/intravitreal

injections); trauma; endogenous; contiguous
spread (corneal ulcer, scleral abscess)

b Onset: acute, sub-acute or chronic

c Progression: rapid or gradual

d Symptoms: decreased vision, pain, redness,
floaters, lacrimation, photophobia

e Systemic illness: uncontrolled diabetes, chronic
debilitating illness, endocarditis, liver abscess,
long-term hospitalization

Nuggets
The work up of a patient with endophthalmitis

should be considered as utmost emergency, since
the highly virulent organisms and their toxins can
damage the ocular structures within hours.

2. Work up

a Initial ophthalmic assessment
i Initial visual acuity (unaided and with cor-

rection, both eyes)

ii Examination of the lids and adnexa

iii Examination of specific areas of interest
(filtering bleb, trauma site, cataract wound)

iv Anterior segment examination (with
detailed documentation)

v Intra-ocular pressure (digital/applanation
depending upon corneal clarity and
integrity)

Figure 1. Clinical picture of (a) post-operative endophthalmitis and (b) filtering bleb-related
endophthalmitis.
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vi Extra-ocular movements

vii Detailed fundus evaluation after dilatation
with good documentation

viii Ultrasound B scan if hazy media

ix Written informed consent for further
management

x Immediate microbiology requisition,
informing anesthetist/OR staff (if pediatric/
fulminant)

xi Anterior chamber tap (for initial microbio-
logical evaluation)

xii Empirical therapy (systemic, intravitreal,
topical in combinations)

xiii Admit and close watch (initially over
hours)

b Check previous medical records and relevant
systemic history, inform the patient and rela-
tives about the seriousness of the condition

c Inform the concerned medical staff (surgeon,
nursing staff, operation theatre)

d Inform the primary surgeon (in case of
in-house infection)

Nuggets
The most relevant ultrasound findings to be

looked for are: amount of exudation, retinal status,
choroidal thickness, axial length, and the presence
of T sign, retained intra-ocular foreign body or lens
matter.

3. Procedure of anterior chamber tap
(AC tap)
a. Requirements (Fig. 2)

i Microbiology personnel/inoculation media (if
done after working hours)

ii Sterile transport tube with a rubber bunk
inside

iii 1 ml sterile (tuberculin) syringe

iv 30G sterile needle (27G for thick exudates)

v Lid speculum

vi Sterile cotton tip applicators

vii Protective hand gloves

viii Lighting source (indirect ophthalmoscope
(preferred)/slit lamp)

Table 1: Classification of post-operative endophthalmitis1,2

Features

Type

Time
of

presentation

Commonly
implicated
organisms

Commonly
associated

surgical procedure

Presence
of hypopyon
and pain

Fulminant <4 days Gram negative bacteria,
Pseudomonas aeruginosa,
Streptococcus pneumonia,
Staphylococcus aureus

Cataract surgery Very common

Acute 2–11 days
(average 5–7
days)

Coagulase-negative
staphylococci, Staphylococcus
aureus, streptococcus species,
Gram-negative bacteria

Cataract surgery
With posterior
capsule rupture,
vitreous loss
Secondary IOL
implantation

Very common

Sub-acute/
delayed
onset

2 weeks–
months
(average 4–6
weeks)

Propionibacterium acnes,
Staphylococcus epidermidis,
fungi (Candida parapsilosis),
Corynebacterium sp.

Cataract surgery
With thickened,
cheesy posterior
capsular
thickening

Uncommon

Most common
presentation is vision
loss

Chronic/late
onset

Months–years
(Average >6
weeks)

*Streptococcus sp.,
Enterococci, Hemophilus
influenza, Staphylococcus
species

Filtering bleb
surgery
With anti-fibrotic
agents, thin
walled, cystic
leaking blebs

Very common
‘White on red
appearance’ (white
bleb surrounded by
congested
conjunctiva3)

**Fungi Cataract surgery Uncommon

*Acute onset presentation.
**Chronic, late onset presentation.
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ix Proparacaine, povidone iodine eye drops

x Eye patch

b. Procedure

i Make the patient comfortable, explain the
procedure in detail.

ii Check the written and informed consent
(adult/minor).

iii Wash hands thoroughly and air dry
(preferred).

iv Wear gloves, clean the periocular area with
povidone iodine scrubs.

v Proparacaine eye drops (avoid lignocaine, as
this is bacteriostatic).

vi Apply lid speculum.

vii Plan the site of tap based on AC depth, visi-
bility, ease of access and the area of
maximum exudation.

viii With patient in primary gaze, introduce
30G/27G needle through the selected site on
the limbus tangentially in a lamellar fashion,
keeping direction oblique over the iris surface
(prevent direction towards lens) with active
suction.

ix Aspirate as much aqueous and exudates/
hypopyon as possible (without collapsing the
AC) (approximately 0.1–0.2 ml).

x Apply cotton tip applicator and withdraw the
needle.

xi The syringe can be sent in a sterile
transport tube to the microbiology lab
(Fig. 3).

Figure 2. Instruments required for anterior chamber/vitreous tap and intravitreal injections.

Figure 3. The sterile test tube container used to transfer the sample (aqueous/vitreous/others) to
microbiology laboratory.
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xii Administer the intravitreal antibiotics (as per
the initial smear report/empirical if a delay is
expected in reporting) and patch with topical
povidone iodine.

xiii The patch should be removed after half an
hour and topicals started.

Nuggets
1. The aqueous should be collected with needle

directed towards the exudates/hypopyon to
enhance the possibility of microbial isolation and
identification.

2. In an unco-operative or apprehensive patient,
the fellow eye may be temporarily closed to
minimize the anxiety caused by the visibility of
needle/syringe.

Drugs and treatment protocols (Table 2)

Nuggets
Primary objectives of endophthalmitis

management are eradication and control of
infection, management of complications and
restoration of vision, in that order.

4. Intravitreal antibiotics
a. Requirements

i Basic requirements as in point 3a.

ii Antibiotic vials (to be administered).

iii Diluents (distilled/sterile water).

iv Adjuvant (steroids dexamethasone).

v 5 or 10 ml sterile syringe.

Table 2 Outlines of management of endophthalmitis based on etiology (tailored approach warranted).7,8

Type Most common
pathogens

Initial systemic
treatment

Initial intravitreal
antibiotic

Need for
vitrectomy

Need for IOL
removal
(absolute
indication)

Acute
post-cataract
surgery

Coagulase negative
Staphylococci (70%),
other Gram-positive
(25%), Gram-negative
(fulminant)

I/V** or oral
third-generation
cephalosporin/
fluoro-quinolones

V+C+D* Yes, early if
severe
cases/
fulminant or
fungal
infection

May be

Sub-acute
cataract
surgery

Propionibacterium
acnes

No V (capsular bag)
and D
(Intravitreal)

May be
needed

Yes

Post
intravitreal
injection

Coagulase-negative
Staphylococci, viridians
Streptococci

Fluoro-quinolones or
equivalent

V+C+D* Rarely (if it
is severe)

No

Filtering bleb
related

Streptococci,
Hemophilus influenae

I/V** or oral 3rd

generation
cephalosporin/
fluoro-quinolones

V+C+D* Most cases,
early in
fulminant
cases

No

Post traumatic Bacillus cereus,
Coagulase negative
Staphylococci, Fungi
(vegetative matter)

I/V** Vancomycin
and either
third-generation
cephalosporins/
fluoro-quinolones

V+C+D*
(Amphotericin/
Voriconazole with
no steroids (if
fungal))

Most cases,
early in
fulminant
cases

Varies (always
with fungal
etiology)

Endogenous
bacterial

Staphylococcus aureus,
Streptococci,
Gram-negative bacilli (e.
g. Klebsiella)

I/V** or oral broad
spectrum antibiotics
tailored to systemic
infection

V+C+D* (or
amikacin)

Mostly
needed

No

Endogenous
fungal
(mould)

Aspergillus, Fusarium Oral voriconazole
(I/V** if fulminant)

Voriconazole or
amphotericin

Yes Yes

Endogenous
candida

Candida species Oral voriconazole Voriconazole or
amphotericin

Yes if vitritis Yes

Chronic post
operative
fungal

Aspergillus species,
Candida species,
Curvularia lunata

Oral voriconazole;
rarely I/V**
voriconazole or
Amphotericin B (highly
toxic), or oral
fluconazole

Voriconazole or
amphotericin B

Yes Yes

*V, vancomycin; C, ceftazidime/cephazoline, D, dexamethasone. (Most commonly used initial empirical drugs based on
clinical presentation.)
**I/V, intravenous
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Table 3 Intravitreal drugs, doses and preparation techniques of most commonly used antibiotics.9,10

S.
no.

Name of
antibiotic
(available
dose)

Intravitreal
dose

(per 0.1 ml)

Salient steps for preparation
(1 ml tuberculin syringe)

Remarks
(if any)

Frequency of
repeat

injections**

1 Vancomycin
(500 mg)

1 mg 1. Add 5 ml distilled water
2. Mix well (shake)—100 mg/ml
3. Take 0.1 ml of drug solution
4. Dilute with 0.9 ml of sterile water
5. Mix well (moving air bubble up
and down)
6. Discard 0.9 ml
7. Use 0.1 ml for injection

Do not mix with
other drugs, as it
gets precipitated
(single dilution)

72 hours

2 Ceftazidime
(1000 mg)

2.25 mg 1. Add 4 ml of distilled water
(250 mg/ml)
2. Follow Steps 2–7 as in row 2
Use dexamethasone in Step 4 if
indicated

Can be mixed
with steroid
preparation in the
same syringe
(single dilution)

48–72 hours

3 Amikacin
(250 mg/2 ml)

125 µg
(previously
recommended
400 µg was
highly retinal
toxic)

1. Take 0.1 ml solution (12.5 mg/
0.1 ml)
2. Follow steps 4–6 as in row 2
3. Take 0.1 ml solution
4. Take 0.9 ml of distilled water
again and mix well
Can be mixed with dexamethasone
for final concentration (step 4)

Can be mixed
with steroid
preparation in the
same syringe
(Double dilution)

24–48 hours

4 Gentamycin
(80 mg/2 ml)

80 µg 1. Take 0.2 ml of Gentamycin (8 mg/
0.2 ml)
2. Dilute with 0.8 ml of distilled
water
3. Mix well
4. Discard 0.9 ml of solution
5. Dilute with 0.9 ml of distilled
water and mix well
6. Discard 0.9 ml of solution
7. Use 0.1 ml for injection

Extreme retinal
toxicity, rarely
used now (double
dilution)

72–96 hours

5 Amphotericin
B (50 mg)

5 µg 1. Add 10 ml of distilled water and
mix well (5 mg/ml)
2. Follow steps 2–6 as in row 2
5. Again take 0.1 ml of solution and
add 0.9 ml distilled water and mix
well
6. Discard 0.9 ml of solution
7. Use 0.1 ml for injection

Phototoxic,
dispensed in a
brown (double
dilution)

?? 48 hours

6 Voriconazole
(200 mg)

50–100 µg 1. Add 19 ml of distilled water and
mix well (10 mg/ml)
2. Take 0.1 ml solution and add
0.9 ml distilled water and mix well
2. Discard 0.5 ml of solution
5. Take 0.5 ml of sterile water and
mix well (air bubble)
6. Discard 0.9 ml of solution
7. Use 0.1 ml for injection

(One and a half
dilution)

48 hours

7 Ciprofloxacin
(200 mg/
100 ml)

100 µg Directly loaded from the sterile vial
and injected intraviteally, 0.05 ml

Not to be loaded
from the topical
preparation; since
half-life is approx.
6 hours, daily
injections are
needed

12 hours

8 Moxifloxacin 200 µg Take 0.05 ml of 0.5% moxifloxacin
(preservative free)

Directly taken
from topical
preparations
under sterile
conditions

12 hours

9 Imipenem
(250 mg)

50–100 µg 1. Dilute with 100 ml of distilled
water
2. Take 0.2 ml (0.5 mg)

Data not
available

Continued
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vi Labels for the antibiotics (for patient details),
to be used later.

b. Procedure

i In continuation to the stepsmentioned in 3b (i–vi).

ii Prepare the intravitreal injections fresh main-
taining adequate sterility (Table 3).

iii Mix the drug thoroughly with a small air
bubble to dissolve the antibiotic with solvent.

iv Remove the air completely and dispose the
excess drug to prepare the required amount.

v In phakic/ pseudophakic eye: with 30G needle
directed toward the mid-vitreous cavity, enter
through pars plana (pars plicata in children less
than 1 year age) and inject the required amount
of drug (loaded in 1 ml tuberculin syringe).

vi In aphakic eye: limbal entry with antibiotic
injected into the vitreous cavity through the
anterior chamber.

vii Apply cotton tip applicator to the injection
site, examine the fundus and check eye pres-
sure digitally.

viii AC paracentesis may be needed if the IOP is
high and a second injection is needed.

ix Label the antibiotic vial and store in refriger-
ator (do not freeze).

x To be used within 3–5 days of preparation
(either for topical or repeat intravitreals).

c. In the bag technique4

i In cases of subacute endophthalmitis with sus-
pected Propionibacterium acnes colonies seques-
tered in the capsular bag, a 27G needle can be
directly introduced from the opposite quadrant at
the limbus, gently lifting the anterior capsule and
aspirating the sequestered organisms.

ii The intravitreal antibiotics can also be directly
injected in the capsular bag behind the IOL
after gently lifting the anterior capsule with
the needle, taking care to inject small quan-
tities and avoiding sudden injection (to prevent
rupture of the capsular bag).

Nuggets
1. Initial broad spectrum empirical therapy is

given based on the clinical evaluation or if a delay
in the initial smear report is anticipated or if the
initial report is equivocal. This should be modified
immediately based on the microbiology study
results.

2. The direct aspiration of capsular bag material
increases yield of organisms (e.g.
Propionibacterium acnes).

5. Vitreous tap

a To be avoided (or performed with utmost care)
in phakic non-vitrectomized eyes.

b Indicated in recurrent/non-resolving endoph-
thalmitis in a vitrectomized eye.

c Use a sterile 27G needle with 2 cc or 5 cc syringe,
enter through pars plana, aspirate gently (0.2–
0.3 ml approximately), avoiding forceful suction.

Table 3 Continued

S.
no.

Name of
antibiotic
(available
dose)

Intravitreal
dose

(per 0.1 ml)

Salient steps for preparation
(1 ml tuberculin syringe)

Remarks
(if any)

Frequency of
repeat

injections**

3. Dilute with 0.3 ml sterile water
4. Inject 0.05 ml

??24–48
hours

10 Piperacillin/
tazobactam
(2.25 g)

225 µg Data not available Data not
available

11 Carbenicillin
(1 g)

2000 µg Data not available Data not
available

12 Ticarcillin
(with
clavulanate
(3.1 g)

3000 µg Data not available Data not
available

13 Aztreonam 100 µg Data not available 12 hours

**All are in Phakic, nonvitrectomized eyes. Caution must be taken in interpreting the need for repeat
intravitreals. Vitrectomized/aphakic eyes need more frequent injections whereas inflamed eyes have varied
requirements.

Nuggets
Caution should be taken to avoid mixing of drugs which may get precipitated, for eg, vancomycin and

ceftazidime in a same syringe.
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d Keeping the same needle in situ (vitrectomized
eye tends to collapse after vitreous tap), the
syringe is disconnected and antibiotic loaded
tuberculin syringe can be connected and
injected to avoid repeat entry sites.

Nuggets
Vitreous tap is controversial in

non-vitrectomized eyes due to possibility of
vitreous traction and subsequent retinal
detachment.

Table 4: Most common drugs used in endophthalmitis and their clinical profile11,12

Drug MOA Spectrum DOC for Emerging resistance

Cephalosporin
Ceftazidime
Ceftriaxone
Cefazolin

Inhibit peptide
crosslinking of
polysaccharide
chains of
peptidoglycan;
affects protiens in
cell membrane

Gram −ve cocci,
P. aeruginosa
Serratia (not active against
anaerobes), Gram +ve
bacilli, Gram –ve bacilli,
Enterobacter, E. coli
Klebsiella, proteus,
H. influenzae,
Gram +ve coci, Gram −ve
bacilli, E. coli, Proteus,
H. influenza

Gram –ve
Anaerobes

Acinetobacter,
Enterococci

Glycopeptide
Vancomycin

Inhibits the
synthesis of
precursor units of
bacterial cell wall;
inhibits RNA
synthesis

Gram +ve cocci, MRSA,
MDR Staph epidermidis,
Clostridium,
Corynebacterium
diptheroids

MRSA Enterococci

Aminoglycoside
Amikacin

Blocks protein
synthesis by
binding to 30S
subunit of
ribosomes

Second choice for Gram –ve
bacilli, Pseudomonas,
Enterobacter, klebsiella,
E. coli, Serratia

Gram −ve Gram negative Bacilli

Fluoroquinolones
Ciprofloxacin
Moxifloxacin

Topoisomerase II
inhibitors

Broad spectrum against
aerobic GPB, GNB,
Pseudomonas,
Streptococci, Staph.
epidermidis, Actinomyces,
Nocardia sp.
Gram –ve, Gram +ve,
anaerobes

Gram −ve
organisms
Gram +ve
organisms

Enterococcus
faecalis,
Streptococcus
pyogenes
Multi-drug resistant
MTB, nososcomial
Gram –ve

Polyenes
Amphotericin-B

Binds irreversible
to ergosterol in cell
membrane which
increases
membrane
permeability

Aspergillus sp.,
Fusarium sp.,
Demateciuos fungi
(Curvilaria, Bipolaris,
Alternaria etc), Candida

Cryptococcus
neoformans

Individual strains of
Candida albicans,
Candida tropicalis,
Candida parapsilosis
Fusarium sp. and
Sporothrix schenckii

Triazoles
Voriconazole

Inhibition of
ergosterol
synthesis which
increases
membrane
permeability

Fusarium, candida, yeasts,
filamentous fungi,
Scedosporium
apiospermum , Acremonium

Fluconazole
resistant
candidemia

Aspergilus fumigatus

Carbapenem
Imipenem
Ticarcillin

Inhibit cell wall
synthesis
Prevent
cross-linking of
peptidoglycan
during cell wall
synthesis

Gram +ve, Gram –ve,
anaerobes
Gram –ve bacteria

Pseudomonas
aeruginosa,
Enterococci
Pseudomonas
aeruginosa.

MRSA, pseudomonas
sp.,
Acinetobacter
baumannii, some
Acinetobacter spp.,
Bacteroides fragilis,
and Enterococcus
faecalis
Enterobacteceae,
H. influenzae

MOA, mechanism of action; DOC, drug of choice; MRSA, methicillin-resistant Staphylococcus aureus; MDRS,
multi-drug-resistant Staphylococcus; GPB, Gram-positive bacilli; GNB, Gram-negative bacilli
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6. Vitreous biopsy

a Planned along with vitrectomy (20/23/25G).

b Initial vitreous specimen without turning on
the infusion fluid (undiluted sample).

c Approximately 0.3–0.5 ml of vitreous sample is
collected.

d Techniques

i 5 ml syringe connected to suction port of
vitrectomy cutter, gentle manual aspiration
applied by the assistant along with

vitrectomy. The syringe can be sent in a sterile
container to the microbiology lab (Fig. 3).

ii Intrector technique (Insight instruments,
Inc., Stuart, FL): one port vitrectomy (23G)
technique (portable, battery powered vitrec-
tomy system), using the illumination from
the operating microscope or the indirect
ophthalmoscope,5 used for collection of vit-
reous sample as an office-based technique,
in selective cases.

iii Microbiological evaluation of the filter
(rarely)/cassette used during vitrectomy.

Table 5: Doses of most commonly used antibiotics in management of Endophthalmitis13,14

Routes of administration

Antibiotic
Topical (1% =
10 mg/ml)

Subconjunctival
(mg)

Intravitreal
(per 0.1 ml)

Intravenous Infusiona

(µg/ml)

Ceftazidime 50 mg/ml 100–200 2.25 mg 2–6 g daily in 2–3
divided doses

40–45

Cephazolin 50 mg/ml 100 2.25 mg 1–6 g daily in 3–4
divided doses

–

Vancomycin
hydrochloride

25–50 mg/ml 25 1.0 mg 2 g daily in 2 doses 30–200

Clindamycin 50 mg/ml 15–50 1.0 mg 0.6–3.6 g daily in 3–4
divided doses

9

Imipenem/
Cilastatin
sodium

5 mg/ml — 50–100 µg 2 g daily in 3–4 divided
doses

16

Ciprofloxacin 3.0 mg/ml 100 µg –

Moxifloxacin 5.0 mg/ml 150–200 µg –

Amikacin 20–50 mg/ml
(rarely used)

25 125 µg
(earlier
400 µg)

15 mg/kg/day in 2–3
divided doses

8–10

Gentamycin 10–20 mg/ml
(rarely used)

10–20 80 µg 3–5 mg/kg/day in 2–3
divided doses

8

Piperacillin/
tazobactam

6–20 mg/ml 100 225 µg 6–12 g every 4–6 hours –

Aztreonam — 100 100 µg –

Ticarcillin
disodium

6–20 mg/ml 100 3000 µg 200–300 mg/kg daily in
4–6 doses

–

Carbenicillin 4–6 mg/ml 100 2000 µg 15–30 g in 4–6 divided
doses

–

Penicillin G 100,000–
200,000 U/ml

0.5–1 million U – 2–18 million U daily in
4–6 doses

80

Tobramycin
sulphate

10–20 mg/ml 10–20 100–200 µg 3–5 mg/kg daily in 2–3
doses

10

Natamycin 5%
suspension

Not indicated Not indicated Extremely toxic –

Amphotericin B 1–5 mg/ml 5–10 5 µg – 10–20

Voriconazoleb 10 mg/ml 10(Not used) 50 µg–100
µg

6 mg/kg IV every 12
hours (24 hours), then
4 mg/kg × 12 hours or
200 mg/day BD

Not used

‘–’ indicates data are not available.
a Infusion: maximum prophylactic non-toxic doses, used per-operatively.
b Shelf-life of most reconstituted antibiotics (fortified preparations) for topical use is 3–5 days except
voriconazole, amikacin and tobramycin which has a shelf life of approximately 30 days
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Nuggets
Correct placement of infusion cannula is

mandatory, so that infusion can be switched on as
soon as the sample is collected, thereby avoiding
the complications of hypotony. Blind cutting of
vitreous is to be avoided.

7. Special situations

a Pediatric/highly unco-operative patients: initial
assessment can be followed by examination
under anesthesia, with AC tap, intravitreal
antibiotics/surgery in the same sitting.

b Dose alterations: Vitrectomized eyes (increased
frequency/daily injections intravitreally), sili-
cone oil filled eyes (half dose injections intra-
vitreally, due to compartmentalization),
pediatric age group (half volumes injected, due
to smaller globe volumes).

c Involvement of allied sub-specialties such as
cornea (for possible grafting in case of
corneal/scleral involvement), glaucoma (if the
filtering bleb or the drainage device needs
management) and an internist (in case of
endogenous endophthalmitis).

d Consent for evisceration to be taken in fulminant
cases with detailed explanation to the patient and
relatives prior to performing the surgery.

Nuggets
Vitrectomy and/or lensectomy greatly decrease

the half life of intraocularly administered drugs.
Ocular inflammation, however, can either increase
or decrease the rate of elimination.

8. Microbiology procedures and inoculation
methods6

a. Collection of intra-ocular samples

i Aqueous: AC tap (see Point 3).

ii Vitreous: Vitreous tap (see Point 5)/ Vitreous
biopsy (see Point 6).

iii Others: IOL (with/ without bag contents),
IOFB, suture, abscised iris tissue, collection
from the vitrectomy cassette.

iv After collection of sample, the air in the
syringe is expelled and the needle is mounted
into a sterile rubber cork placed in a large
sterile test tube container, sealed and sent to
the laboratory for smear and culture (Fig. 3).

v In case of other material, the collected speci-
men is to be sent in a sterile bottle without
any solution or preservative.

b. Culture media (Fig. 4)

i For isolation of aerobic bacteria and fungi:
1 Solid media: blood agar, chocolate agar,

Macconkey agar, Sabouraud’s dextrose agar.

2 Liquid media: brain heart infusion broth.

ii For isolation of anaerobic bacteria:

1 Solid media: Brucella blood agar.

2 Liquid media: thioglycollate broth.

c. Inoculation and sending the samples to
microbiology lab

i One drop each to be carefully inoculated (not
to be spread) in agar media in the center of
the plate and into the Brain heart infusion
broth and thioglycolate broth.

ii It is essential that the inoculation of media is
done first (since the number of micro-
organisms are likely to be low, every chance
needs to be given to them to multiply and
grow in the culture media)

iii Growth for anaerobic micro-organisms and
fungus is observed for 12 days.

iv Samples in odd hours may be inoculated in
Brain heart infusion broth and thioglycollate

Figure 4. Commonly used solid and liquid culture media for inoculation of the samples.
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broth and kept at room temperature, 25–30°C
(with label). The remaining sample can also be
capped onto the needle and kept in the
refrigerator at 4°C compartment to be trans-
ported at the earliest (for PCR and making
smears).

Nuggets
1. The initial smear report should be obtained

at the earliest (within 45 minutes)
2. The initial smear reports consist of Gram’s

stain, and KOH/Calcoflour preparation
3. Growth of organisms in more than one plate

is considered positive. Subsequently antibiogram
tests are conducted

4. Polymerase chain reaction (PCR) can detect
the genomes of live as well as dead organisms, so
careful interpretation of the results should be made
and to be correlated clinically.

Endogenous endophthalmitis
The common organisms implicated are

1 Endocarditis: Staphylococcus aureus,
Streptococci (alpha, beta or gamma)

2 Liver abscess: Klebsiella pneumoniae

3 Long-term hospitalization: Candida species
(most common Candida albicans), and fila-
mentous fungi (Aspergillus) rarely

Systemic antibiotics (antibacterials/antifungals)
play a key role in the management of endogenous
endophthalmitis. Since the half-life of intravitreal
antibiotics is short, the systemically administered
antibiotics are given to maintain therapeutic levels
for prolonged periods. The investigations includ-
ing the samples for microbiology tests should
ideally be sent before starting systemic antibiotics.

Role of systemic steroids
Important in combating the intraocular inflamma-
tion that is particularly severe due to the release
of toxins from the infecting organisms. Caution in
patients with diabetes and active Koch’s infection

is advised, and contra-indicated in fungal
endophthalmitis.
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Macular Buckle in Myopia

Pradeep Susvar and S. Vinay Kumar

Introduction
Pathologic myopia is one of the leading cause of
secondary visual impairment worldwide and the
most frequent cause in Asian subcontinent. Visual
impairment in these eyes with pathologic myopia
is mainly due to the development of different
types of myopic maculopathies, closely associated
with the type and grade of the staphyloma.1

Various authors have classified them into tessel-
lated fundus, lacquer cracks and patchy atrophy,
diffuse chorioretinal atrophy, lacquer cracks,
patchy chorioretinal atrophy, CNV, macular
atrophy and posterior staphyloma.2 Macular hole
with or without macular retinal detachments,
myopic foveal schisis are established associations
of the posterior staphyloma.1 These complications
are managed surgically by pars plana vitrectomy
(PPV) with internal limiting membrane (ILM)
peeling with intraocular tamponade. Scleral short-
ening procedures, episcleral buckling are some of
the additional procedures performed to take care
of the posterior staphyloma component patho-
logical myopia with variable surgical success.3

Pathophysiology
The pathogenesis of RD secondary to macular hole
and retinoschisis in high myopia with posterior
staphyloma are4,5

1 Posterior staphyloma leading to disparity in
the length of the sclera and retina (mismatch).

2 Anteroposterior traction caused by the
vitreous.

3 Tangential traction due to abnormal rigid ILM,
stretched retinal vessels or epiretinal
membrane.

Other possible explanations were weak adhe-
sion between the neurosensory retina and retinal
pigment epithelium due to the severe myopic
chorioretinal atrophy and an incomplete detach-
ment of the posterior hyaloid that will increase
the anteroposterior and tangential traction on the
retina.

The macular buckle is proposed to support the
posterior globe to counteract all the mechanisms
involved in such cases. Buckle changes the config-
uration of the posterior pole from the concave
profile of posterior staphyloma to a plano/convex
protruding contour thereby relieving anteroposter-
ior traction, tangential traction and sclero retinal
mismatch (Fig. 1).

History of macular buckle
1957: Macular buckling was described for the first
time by Charles L. Schepens, the father of modern
retinal surgery, using a radially placed polyethyl-
ene tube.6

1966: Rosengren B described a silver ring and
plomb technique to indent the macula. The ring is
attached to the limbus and an arm fixed to the
ring has a terminal ball, which was made to
indent the macula. Photocoagulation is done after
a day or two once the fluid is absorbed. The ring
and plomb are removed after 4 weeks.7,8

1974: Theodossiadis used a silastic sponge rod
placed between the inferior oblique insertion and
the optic nerve. The rod was stretched vertically
across the macula by fixing sutures to produce the
required indentation. He followed his patients for
upto 15 years.9

1980: Ando introduced the Ando plombe
which is described in detail later.10, 11

Evolution of surgical treatment for myopic
macular schisis, macular hole and RD
PPV with ILM peeling has been effective in terms
of anatomical and functional success in the treat-
ment of macular schisis and macular holes asso-
ciated with high myopia.12–14 Complications
include formation or persistence of macular hole,
macular hole retinal detachment (MHRD) and
visual loss.15–16. Success of closure in these
myopic macular holes following surgery is less
than the idiopathic holes in emmetropia.17 Ikuno
et al showed 25% of macular hole closure follow-
ing surgery in myopia with macular hole and
foveoschisis with posterior staphyloma.18 Failure

Fig. 1.

Shri Bhagwan Mahavir
Vitreoretinal Services,
Sankara Nethralaya

Correspondence to:
Pradeep Susvar,
Senior Consultant,
Shri Bhagwan Mahavir
Vitreoretinal Services,
Sankara Nethralaya.
E-mail: drpds@snmail.org

Sci J Med & Vis Res Foun June 2015 | volume XXXIII | number 2 | 71

Recent advances



of vitrectomy with ILM peeling in such cases lead
to think about the other causative factors respon-
sible for the macular complications in myopic eyes
with posterior staphyloma. Cases which had fail-
ures following vitrectomy led one to consider add-
itional or supplemental procedures which could
negate the mismatch between the staphyloma and
retinal contour. This led to the surgical options of
macular buckle in myopic eyes with posterior
staphyloma

Indications

• Myopic macular retinoschisis with posterior
pole staphyloma with recent decrease in visual
acuity.

• Posterior pole detachment associated with
myopic macular hole with posterior staphyloma.

• Failed and recurrent cases of macular hole
with or without RD following vitrectomy with
or without tamponade.

• Optic disc pit maculopathy.

Macular buckle types

• Ando plombe

• T-shaped macular buckle

• AJL macular buckle

• L-shaped macular buckle

• Adjustable macular buckle

• Wire-strengthened sponge exoplant

Ando’s plombe (Ondeko Corp)

Ando plombe consists of a T-shaped semirigid sili-
cone rubber rod internally reinforced with titanium
wires and an indenting head at one end. The
length of the plombe is either 25 or 27 mm from
head to tail, selected according to the size of globe.
The size of the head is 4–5 mm. Mateo et al.
coupled Ando’s plombe with an internal 30-G
optical fiber to enhance the visualization to place
the indenting head correctly under the fovea.19

Advantages include easy to insert the buckle, shape
memory, customization of buckle with its embed-
ded wire and eliminates the need for sutures on the
staphylomatous sclera near macular area.
Disadvantages include its stiffness, limitations in

adjustment of buckle height, a less accurate posi-
tioning. The long-term safety of metal wire which
is embedded in the Ando’s plombe is not known.

T-shaped macular buckle {France Chirurgie
Instrumentation (FCI), Paris, France}

The T-shaped macular buckle20 is created by
threading a 4-mm-wide solid silicone band
through a 7-mm solid silicone macular wedge
(Morin–Devin ‘T’-shaped macular wedge) with a
biconvex end. Macular wedge is negotiated under
the lateral rectus muscle, manoeuvred further to
be placed posteriorly under the staphyloma area.
The 4-mm solid silicone bands are mobilized
under the vertical muscles, behind the obliques to
secure on to the nasal aspect, either side of the
medial rectus. Advantages of T-shaped macular
buckle are that it allows the adjustment for
lengthening or shortening the band anteriorly
while sliding the macular plate in the coronal
plane; it does not require posterior sutures or
direct access to the posterior pole, no need for
muscle disinsertion which carries the risk of post-
operative pain and diplopia. Disadvantage
includes possibility of improper alignment under
the fovea.

AJL macular buckle

AJL macular buckle is made up of PMMA material
covered by silicone in order to increase its bio-
compatibility. It has an indentation area with a
spherical helmet in its superior area to indent the
macular area. The arm’s length and curvature is
customized depending on the patient’s specific
eye. It can be supplied with an optic fiber light
probe for the accurate positioning of the head
under the fovea.
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L-shaped macular buckle

L-shaped buckle is prepared using a silicone
sponge (Labtician 507 oval sponge), 7 mm large
and 5 mm thick and 3 cm long. A malleable titan-
ium stent (Mod MCP6TP, Tekka, Pesaro, Italy)
15 mm long, 2 mm wide and 0.5 mm was inserted
and hidden into the tunnel. The sponge could
then be bent to obtain an L-shaped buckle by cre-
ating a 90° angle to fashion the curvature accord-
ingly. Advantages are that it can be easily
prepared in the operation theatre and the tech-
nique can be performed without the need of spe-
cially designed buckles, which are not available
easily in all countries. Disadvantages include the
unknown long-term safety of the titanium inside
the orbit.21

Adjustable macular buckle (AMB)

The AMB is made up of silicone rubber, consisting
of a handle or stalk designed for radial positioning
and a terminal plate intended to indent the
macular area. Two lateral winglets at the terminal
plate helps to pass suture through it. The two mer-
silene sutures are brought on either side of the
medial rectus, fixed to the sclera anterior to the
equator. This procedure requires lateral rectus dis-
insertion. Postoperatively the buckle effect can be
adjusted using these sutures under local
anaesthesia.22

Wire-strengthened sponge exoplant

It consists of a 7 mm silicone sponge strengthened
with a 0.5 mm orthodontic steel wire that is ori-
ginally used for dental braces. First, the wire is
bent into U shape at the middle with 2 mm separ-
ation between the 2 arms. Then, the wire is
inserted inside the sponge and fed through its
whole length. The distal end is bent according to
the eyes which help to indent the macula.23

Limitations of macular buckle

• Possible damage to nerves and vessels in the
posterior pole.

• Precised alignment of the buckle under the
fovea is of concern.

• Thin sclera increases the risk of perforation
and erosion is more.

Precise alignment of the buckle under the fovea
can be achieved by either

• External posterior landmarks.

• Trans illumination.

• Endo illumination.

• Using illuminated optical fiber along with the
macular buckle.

We had an initial experience of three cases
operated using the T-shaped macular wedge
implants. Indications were recent central visual
impairment due to progressive schisis, macular hole
with macular detachment and persistent chorioret-
inal mismatch at the staphyloma in an oil filled
eye. One patient operated for the staphyloma asso-
ciated macular hole with localized detachment, had
the macular buckle along with vitrectomy, ILM
peeling and tamponade. We noted the anatomical
closure of the macular hole and the foveal attach-
ment as early as fourth post-operative period.
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Another case had a persistent lamellar hole with a
retinochoroidal mismatch post vitrectomy. This
case was operated for the macular buckle alone in
the oil filled eye. Patient had a progressive visual
improvement with a gradual absorption of the
subretinal fluid and the retinal apposition over a
period of 5 months. Our initial short experience
has been quite promising in terms of achieving
anatomical restoration of the retina to match the
contour of the ocular coats.

Complications
The intraoperative complications include inadvert-
ent globe perforation, injury to vortex veins, ciliary
vessels and nerves, malposition of the buckle, optic
nerve abutting, subretinal hemorrhage, choroidal
detachment and threatening suprachoroidal hemor-
rhage intraoperatively. Late complications include
buckle displacement, exposure, infection, choroidal
neovascular membrane progression, restriction of
eye movements, diplopia, focal retinal pigment epi-
thelium atrophy due to circulatory disturbances.24

Conclusion
Macular buckle can be a good option for myopic
posterior staphyloma-related macular conditions
such as progressive macular schisis, macular hole
and posterior pole RD. The technique requires
appropriate case selection and has a good anatom-
ical and functional success as reported in many of
the studies. Detection and correction of the reti-
noscleral mismatch would help improve functional
outcomes in these eyes with high myopia-related
maculopathy.
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Optical Coherence Tomography: Newer Techniques, Newer
Machines

KP Mohana, Debmalya Das and Muna Bhende

Introduction
Since 1991, when optical coherence tomography
(OCT) was first introduced as a tool for investiga-
tion in ophthalmology,1 OCT has become the
mainstay in retinal imaging and, in some situa-
tions, has supplanted fundus fluoresce in angiog-
raphy which is regarded, even today, as the gold
standard for investigations in choroidal and
retinal disorders. By definition, OCT represents a
non-invasive method for cross-sectional imaging
of the internal retinal structures through the
detection of optical reflections and echo time
delays of light, using low coherence interferometry
to subsequently produce in vivo two-dimensional
images of internal tissue microstructure.1,2

Initially, the time domain (TD) technology was
used (Stratus OCT, Carl Zeiss Meditec), which
employed a mobile reference arm mirror that
sequentially measured light echoes from time
delays with an acquisition speed of 400 A scans/
second and axial resolution of 810 μm.2,3 TD OCT
was limited by longer acquisition times (due to a
mobile reference mirror), limited image sampling
(which potentially overlooked smaller lesions),
motion artifacts and lack of patient cooperation.4,5

Fourier domain or spectral domain (FD/SD)
OCT succeeded the TD OCT. With a central wave-
length of 800–850 nm, a stationary reference arm,
a high-speed spectrometer, and a charge-coupled
device (CCD) line scan camera these OCTs had an
increased acquisition speed of 25,000–52,000 A
scans/second, with axial resolution of 37 μm, sig-
nificantly improved signal-to-noise ratio, reduc-
tion in motion artifacts, increased area of retinal
coverage and better visualization of individual
retinal layers.3 They were also able to create
three-dimensional (3D) topographic maps with
precise registration.2 Imaging resolution and pene-
tration was further enhanced by averaging and
enhanced depth imaging (EDI). However, axial
resolution and acquisition speed in SD OCT were
limited by the limitations of CCD line scan
cameras4,5 and SD OCT was still subject to motion
artifacts, segmentation artifacts and interinstru-
ment comparability.3,5

Limited resolution due to infrared radiation
absorption by ocular structures, limited axial and
lateral resolution due to image scattering from ocular
structures and restricted numerical aperture of the
optical system respectively, in both TD and SD OCT,
were the major disadvantages that prompted
researchers to look for newer technologies.6

SD-OCT scanning laser ophthalmoscopy systems
Currently, the machines that are using the con-
focal scanning laser ophthalmoscopy (cSLO)
system are the Optical Coherence Tomography
RS-3000 Advance from NIDEK, Cirrus HD-OCT
5000 with FastTrac, OCT/SLO Combination
Imaging System from Optos, OPKO Spectral OCT/
SLO Combo Imaging System and the Spectralis
OCT. We will be discussing the Spectralis OCT in
details along with the added technologies for
better imaging.

Spectralis OCT
Spectralis OCT (Heidelberg Engineering,
Heidelberg, Germany) is a dual-beam SD OCT and
cSLO system that acquires transectional images or
volume scans of the retina and an infrared refer-
ence image simultaneously. A real-time eye
tracker couples cSLO and SD OCT scanners to pos-
ition and stabilize the OCT scan on the retina
which leads to highly reproducible retinal thick-
ness measurements. High-speed imaging (40,000
A scans/second) allows an increased number of
acquired B scans resulting in greater retinal cover-
age and high-definition 3D images and more
detailed retinal thickness maps with less need of
data interpolation in a short examination time.
The excellent reproducibility of retinal thickness
measurements with this technology can be attrib-
uted to improved image resolution, imaging speed,
scan coverage, retinal segmentation algorithms
and to the eye tracking mechanism. To improve
the images, image averaging (Fig. 1) has been
used to achieve high-contrast and low-speckle
noise. Simultaneous real-time FFA and OCT and
ICG and OCT is possible with this machine.

Enhanced Depth Imaging
Spaide7 was the first to describe visualization of
the choroid after moving the zero delay line deeper
into the eye, focusing the OCT scanner on the
choroid instead of the retina. This is known as EDI
OCT (Fig. 2). This technique has enabled the visual-
ization of structures lying deeper in the eye.

En face OCT
‘En face’ OCT (eOCT) imaging is an imaging tech-
nique derived from SD OCT. It produces frontal sec-
tions of retinal layers, also called ‘C-scan OCT’.
Optical Coherence Tomography Retina Scan Duo
from NIDEK, Zeiss Swept Source OCT (prototype,
not yet FDA cleared) and deep range imaging
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(DRI)-OCT; Topcon Japan, are able to take ‘en face’
OCT. Optovue and Zeiss OCT also has frontal scans
adopted to retinal concavity and can take 3D and
‘En face’ OCT showing irregularities at ILM and
RPE layer. This novel technology offers a deeper
insight into the understanding and follow-up of
macular diseases especially age-related macular
degeneration. Unlike conventional OCT, eOCT pro-
cesses a series of transverse scans through tissue at
equally distributed and specific depths, determined
by modern optical sources capable of achieving
depth resolutions upto 3 mm.8,9

Intraoperative OCT
Microscope mounted OCT
The use of intraoperative SD OCT help surgeons to
better delineate tissue structures, reducing surgical
times and limiting the need for potentially toxic
stains and excessive illumination.12 Microscope
mounted (MM) OCT can scan a 12-mm field of
view by implementing a superluminescent diode
with a center wavelength of 840 nm, allowing
real-time cross-sectional analysis of tissue struc-
tures. MM OCT was designed to work with the
optical path of the Oculus BIOM 3 suspended from
a Leica M841 ophthalmic surgical microscope,
and it provides a high magnification telescope
with a large field of view to the view port of the
surgical microscope. MM OCT is stabilized and
utilizes a common focal plane to the microscope

optical path and hence gives a better image when
compared with the handheld OCT. However, it is
still limited by its 840-nm center wavelength and
lateral resolution.10

The Rescan 700, Carl Zeiss, is a real-time
intraoperative SD-OCT that can be fully integrated
into the OPMI Lumera 700 microscope. Key func-
tions of the OCT system can be controlled from
the microscope’s foot pedal, so the surgeon can
take videos, snapshots and 3-D OCT images
without looking up or stopping the surgery. The
Rescan allows the surgeon to see the surgical field
in both a planar view and a cross-sectional view
simultaneously, in real time. Haag-Streit’s intra-
operative iOCT system, developed by OptoMedical
Technologies in Lübeck, Germany, attaches to the
camera port of the microscope; data are displayed
on a screen mounted on the microscope. The
screen is also used to operate the system. The
device follows the zoom and focus of the micro-
scope so the scanned area matches the area being
viewed, and scans and images can be saved for
future review. Surgeons report that the device can
reveal structures to a depth of ∼4.2 mm in air and
3.1 mm in water, with a resolution of ∼10 µm.

Handheld OCT
Ivue from Optovue and Bioptigen’s Envisu C2300
Spectral Domain Ophthalmic Imaging System are
designed for handheld or microscope-mounted use

Fig. 2. EDI of a normal eye. Arrows indicate the Chorio-scleral interface.

Fig. 1. (a) OCT image taken in Spectralis OCT showing CME and SRF. (b) Normal OCT scan with
image averaging of 100 scans.
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for real-time imaging during ophthalmic surgical
procedures, compatible with most operating
microscopes. Stability of the instrument and hence
the picture quality and maintenance of a sterile
surgical field remains and issue with handheld
OCT.

Swept source OCT
Swept source (SS) OCT utilizes a narrowband light
source with central wavelength of 1050 nm and
with a short cavity swept laser (instead of a super
luminescent diode laser as in previous OCTs) that
can emit different frequencies of light which are
then rapidly tuned over a broad bandwidth.2,5,11 It
uses a high-speed complementary metal oxide
semiconductor (CMOS) camera (instead of a spec-
trometer and CCD camera in conventional SD OCT)
and two parallel photodetectors to achieve
100,000–400,000 A scan/second with 5.3-μm tissue
axial resolution over a 4-mm imaging range. The
small area, high-density imaging, extensive B scan
averaging, reduced fringe washout depth, longer
imaging range, higher detection efficiencies, and
the ability to perform dual balanced detection
allows imaging down to the level of individual
photoreceptors, particularly when coupled with
adaptive optics.5 These advantages also allow less
artifacts and better penetration through ocular
media opacities. The long imaging range
(∼7.5 mm) also allows a better view of the vitreo-
retinal interface as well as the choroid in a single
frame with an enhanced sub-retinal pigment epi-
thelium (RPE) imaging without employment of EDI
(Fig. 3) or full-depth imaging. 4 However, it is still
subject to some blur artifacts and image distor-
tion.12 Improvements in dynamic retinal tracking
and registration algorithms have helped to elimin-
ate some of these artifacts to allow improved reso-
lution. The DRI OCT-1 Atlantis and Zeiss SS-OCT
prototype (investigational device, not FDA cleared)
are based on this system.

Widefield OCT
Widefield OCT employs swept source technology
to evaluate larger portions of the central retina
(Fig. 4). Optovue (Fremont, CA) Avanti RTVue-XR
widefield system uses the SD technology and can

obtain 70,000 A scans/second. The Avanti
RTVue-XR can create 12 mm × 9 mm B scans, and
its active eye tracking enhances image stability.
The Optovue system offers 3-µm digital resolution,
providing detailed imaging of both the choroid
and the retina.

Ultra-high-speed SS OCT, using a 1050–
1060 nm FD mode locked laser, collects 1900 ×
1900 A scans with a roughly 70° angle of view
(∼1 cm2) in 36 seconds with image acquisition
speeds between 684,000 and 1,368,700 A scans/
second. These are then consolidated into a 4 mega-
pixel high-definition image. Good choroid and
choroidal/scleral interface penetration can also be
achieved with axial resolution of 6.7–19 μm.13,14

Adaptive optics OCT
Adaptive optics corrects for higher-order ocular
aberrations during image acquisition, allowing
improved lateral resolution and a near-cellular-
level resolution.15,16 Ultra-high-resolution adaptive
optics OCT (AO OCT) uses a high-speed CMOS
camera with a novel image registration/dewarping
algorithm to limit motion artifacts, increase lateral
resolution, reduce speckle and enhance sensitiv-
ity.14 Ultra-high-resolution, AO, spectral-domain
OCT (UHR–AO–OCT) has an isotropic 3D resolution
of 3 × 3 × 3 μm3 in the retinal tissue. With a pupil
diameter of more than 6 mm, lateral resolution of
23 mm can be achieved, which is sufficient for the
resolution of individual cones and of cross sec-
tional profiles of individual retinal layers.14 In
combination with an adaptive optics slit lamp
ophthalmoscope, AO OCT can acquire both OCT
and SLO in vivo with a resolution of 3.5 μm.16

Optical microangiography
Optical microangiography (OMAG) technology
utilizes an 840-nm wavelength with an A scan
rate of 27,000 Hz and an axial resolution of 8 μm
to image a 7.4 × 7.4 mm2 area of the posterior
segment, allowing volumetric map acquisition.17

OMAG in combination with widefield OCT can
perform vascular perfusion mapping, down to the
capillary level comparable to fluorescein and
indocyanine green angiography. The technology,
though commercially available in Optovue

Fig. 3. Swept source OCT scan of a normal retina showing chorio-scleral interface clearly without EDI.
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(Fremont, CA) RTVue-XR Avanti high speed,
widefield and angiovue OCT system, currently has
several limitations in terms of image quality in
certain situations such as macular edema and
atrophy and needs further refinement.

Doppler OCT
Doppler OCT (D-OCT) is still under development, a
prototype. D-OCT, by measuring the Doppler shift
and relative angle between the OCT beam and a
blood vessel, assess the blood flow velocity.2,18

D-OCT (840 nm wavelength, axial resolution of 5
μm, transverse resolution of 20 μm) can measure
retinal blood flow, and can detect any alteration
of the same even in the absence of any structural
loss and hence opens up a new frontier in moni-
toring and management of retinal and optic nerve
vascular diseases and the patients at risk.18 Blood
flow measurement can be accessed from the tran-
section of all branch retinal arteries and veins by
eight circular scans, acquired in ∼2 seconds, each
composed of 3000 axial scans and then summing
all blood flow measured in the veins. The back-
ground axial inner retinal tissue boundary motion
is compared with that of the vessel wall to attain
the net Doppler shift, produced by blood flow.19

Polarization sensitive OCT
Like D-OCT, polarization-sensitive (PS) OCT is a
prototype which can be used for functional tissue
assessment by means of evaluation of light polar-
ization which allows individual retinal layer iden-
tification by measurement of cross-sectional and

volumetric birefringence, contrasting between
birefringent layers and other retinal layers.2,20,21

PS OCT simultaneously measures intensity (con-
ventional OCT images), retardation and optic axis
orientation to distinguish polarization preserving
tissue, birefringent tissue (Retinal nerve fiber
layer, Henle’s layer, sclera, fibrotic tissues) and
polarization scrambling tissue (RPE).21 Light
transmitted through the RPE maintains the same
polarization state and degree of retardation as
images below and above the RPE layer, allowing
assessment of RPE damage.21

Conclusion
With enhanced ability to image the choroid, retina
and vitreous, our diagnostic capabilities are
greater than ever. These advancements have revo-
lutionized ophthalmic practice over the last
decade. Further innovations in both hardware and
software technologies are expected to aid in the
assessment of chorioretinal diseases in more detail
in future. OCT is here to stay.
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Intravitreal Injection Guidelines

Ekta Rishi and Pramod Bhende

With an increase in the number of intravitreal
injections especially intravitreal anti-vascular
endothelial growth factor (anti-VEGF) agents the
risk for endophthalmitis is a potential concern.

A meta-analysis by Jager et al.1 shows that the
prevalence of endophthalmitis following intra-
vitreal injections is low. They evaluated the
incidence of endophthalmitis into infectious and
non-infectious categories and found that the
endophthalmitis rate was 0.9% (38/4382) per eye
and 0.3% (38/14 866) per injection, when looking
at both infectious and non-infectious cases. They
also found endophthalmitis rate of 1.4% per injec-
tion for intravitreal triamcinolone acetonide and
0.2% per injection for intravitreal ranibizumab.

The risk of endophthalmitis after intravitreal
injection may vary with various drugs.2 The reported
incidence of endophthalmitis per patient in multi-
center clinical trials with anti-vascular endothelial
growth factor (VEGF) therapy ranged from 0.019
to 1.6%.2–4 Although cases of acute endophthalmitis
following intravitreal bevacizumab (IVB) have
occurred, the exact incidence rate remains unknown.
The injection technique and compounding issues
of bevacizumab remains the major areas of concern.
Ranibizumab comes as a single use vial so the
concerns are limited to injection techniques.

These guidelines are framed to reduce the risk
of endophthalmitis by streamlining the com-
pounding and injection techniques with special
reference to bevacizumab.

The risk for endophthalmitis following
Intravitreal Injections could be:

1 Drug related:
a Counterfeit medication

b Lapse in cold chain

2 Procedure related
a Multiple use of multi-dose vial

b Injection technique

c Aseptic precautions

Drug related
This concern is more with off label drugs like
bevacizumab.

Counterfeit medication
There are reports of counterfeit medications across
the world for bevacizumab. In 2010–11, the
concern was raised in China and the USA.5

How to address and make sure that the drug is
not fake?

1 Check the authorization letter of the bevacizu-
mab dealer and buy the drug from a certified
Roche dealer. Since the use in the eye is off
label, the dealers may not have the authoriza-
tion for supply to the ophthalmologists. We
can inspect the authorization and bills from
Roche periodically.

2 Check the drug license of the dealer.

Cold chain lapse
Bevacizumab can be stored at 2–8°C for 45 days.
Roche monitors the cold chain on its server till it
transports to the authorized dealer. The company
also monitors and maintains a log of cold chain
at the storage facility of the dealer.

Our suggestions

• Inspect the cold chain maintenance of the
dealer.

• Verify that the drug has not been kept in stock
for a long period.

• Check how long does the dealer stocks the
drug.

Storage
Once purchased, check that the drug is brought in
a dry ice pack preferably with a temperature mon-
itoring device.

It should be stored at the hospital refrigerator
at 2–8°C in a dark place with temperature display,
power backup, and a temperature log. Electronic
data loggers are available in the market to
monitor the temperature.

The drug should be kept under lock so that
limited people have the access to it and refriger-
ator is not opened again and again to avoid a
lapse in cold chain.

Injection procedure related
How to use the multi-dose vial of 4 ml?

The study by Bakri et al. shows that the drug
can be kept in capped disposable 1 ml syringes
when stored at 2–8°C with minimal loss of effi-
cacy over 1 month, but there is no level 1 evi-
dence for sterility.6 There are published articles for
compounding the drug in aliquots for multiple use
but there are reports of endophthalmitis resulting
from compounding issues.

We suggest opening a vial and preparing the
required number of injections under sterile con-
ditions and storing in different sterile boxes to be
used within few hours if it has to be used by
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different surgeons in different operation theatres
on the same day within the same theatre complex.
One box can be sent to each operation theatre
with the required number of filled syringes.

It is preferred to do the injection procedure in
operation theater or a sterile room designated for
such procedures.7,8

Preparation of multiple syringes for use on a
given day

• Note the batch number of the drug so that it
can be helpful for tracking, in case of
endophthalmitis.

• To check the bevacizumab vial for expiry date
and label by the technician.

• Opening of the vial and cleaning of rubber lid
by alcohol wipes.

• 18/20 G needle is inserted in the rubber lid of
vial by a scrubbed paramedical staff in the
operation theatre with mask and cap with
minimal talking. Instead of using the 18/20G
needle for puncture an instrument called
mini-spike (Braun) can be used to prepare mul-
tiple syringes to avoid contamination.

• The vial must be held upside down by non-
scrubbed personnel in the operation theater
wearing a cap and mask

• The scrubbed staff can withdraw 0.2 cc of bev-
acizumab in a 1 cc disposable syringe and cap
it with the needle.

• Prepare the number of injections required for
the day by withdrawing drug from a single
puncture by 18/20G needle.

• The prepared capped syringes with the drug
can be stored in separate boxes depending on
the number of surgeons giving the injection on
the given day. The boxes can be kept in a
refrigerator maintained at 2–8°C and should be
used on the same day.

• One syringe can be sent for bacterial culture
sensitivity testing so that on follow-up of
these patients the report can help us to decide
the next plan of action in case of infection.

• Preparation of similar aliquots in a sterile envir-
onment under a laminar hood is also described.

Injection technique

• The literature suggests that prophylactic anti-
biotics are not better than the use of povidone
iodine 5% drops for a contact period of
5 minutes in the conjunctival cul-de-sac.9–12

• Patients with doubtful hygiene, one eyed and
with known povidone allergy, can have either

3 days of topical fluroquinolones or pulse dose
of fluroquinolone eye drops on the same day
of injection.

• We suggest that the injector has a proper scrub
wears disposable mask, and gloves. If in oper-
ation theatre, cap is mandatory.

• The eye lids and lashes should be scrubbed
with 10% povidone iodine solution and eye
should be draped.

• Lid speculum should be used to avoid the
contact of eye lashes with the injection site.
Use of lid speculum is reported to reduce the
risk of endophthalmitis in the intravitreal
injection procedure. Contact of the needle with
eyelashes should be avoided.13–15

• Injection can be administered after the use of
sterile proparacaine eye drops.

• The needle used to cap the drug syringe for
storage should be replaced by a 30G needle for
injection.16

• Oblique scleral entry is preferred over perpen-
dicular injection to prevent reflux of vitreous
and wick related endophthalmitis.16–19

• Any quadrant can be chosen for injection
(infero-temporal quadrant is preferred, particu-
larly for opaque drugs which otherwise can
cause significant visual disturbance, e.g. triam-
cinolone). Sterile calipers can be used to
measure 3–4 mm from limbus (depending on
lens status) to mark the injection site.

• Usage of mask is a must. Avoid talking while
giving the injection. Gram-positive cocci are
the commonest infections following intra-
vitreal injections and droplet infection may be
the source.12,20,21

• The eye can be patched with povidone iodine
5% drops for 2 hours after injection.

• Patients should be examined on post injection
day 1 and 3. We suggest a good examination
of anterior segment using slit lamp and fundus
using indirect ophthalmoscopy. Also check
intraocular pressure using Applanation tono-
metry. It is preferable to see the patient on the
third post injection day as most of the
endophthalmitis after bevacizumab have
occurred between 2 and 5 days.

• Patients should be instructed to avoid head
bath for 1 day post injection and swimming
for 3 days post injection.

• Post injection antibiotic prophylaxis should be
reserved for one-eyed patients and patients
with doubtful hygiene or with iodine allergy.
Most of the studies suggest no role of antibio-
tics in post injection period.
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• In case the patient is due for injection in both
eyes, it should be done at an interval of 3 days
to avoid an increased level of circulating drug
in the system. Some studies suggest that separ-
ate batch number of the vials may be used for
the two eyes in case bilateral injections are
required on the same day.

• Anti-VEGF injections should be deferred in
pregnant ladies or people with uncontrolled
hypertension or increased risk of thrombo-
embolic phenomenon or recent history of
stroke or myocardial infarction.

• Injections should be avoided in people with
uncontrolled blood sugar levels as it may in
turn increase the chances of endophthalmitis.

Discarding the unused drug
It is preferable to discard the unused drug and
destroy the label.

The bottle can be discarded as per the norms.
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Recent Advancements in Ocular Electrodiagnostics

Parveen Sen and Ramya Sachidanandam

Electrophysiology of the eye is a non-invasive
method that allows functional assessment of retina
as well as the whole visual pathway. Although
there are many electrophysiological tests for asses-
sing function of retina and visual pathway, the fol-
lowing protocols play a major role in the diagnosis
and management of retinal disorders.

1 Full-field electroretinogram (ffERG).

2 Visual evoked potential (VEP)

3 Electrooculogram (EOG).

4 Multifocal electroretinogram (mfERG).

5 Multifocal visual evoked potential (mfVEP).

6 Pattern electroretinogram (PERG).

7 Photopic negative response (PhNR).

8 Sweep VEP (sVEP)

International Society of Clinical Electrophysiology
of Vision (ISCEV) has set standards for recording
each one of these tests except for photopic nega-
tive response and sweep VEP.

Multifocal electroretinogram (mfERG)
Where ffERG is a mass electrical response gener-
ated by retinal cells in response to a flash of light,
mfERG stimulates various focal areas of the retina
and picks up focal disease as well as maps the
disease distribution. MfERG was developed by
Erich Sutter.1 It is recorded monocularly using

Burian Allen electrodes in a light adapted state
after pupillary dilatation with refractive error cor-
rection in place. Since testing is done in a light-
adapted state, the mfERG responses are primarily
cone driven. It evaluates the function of fovea,
parafovea and perifovea using 103 alternating
white and black hexagons.

A typical mfERG waveform of the first-order
kernel consists of an initial negative wave (N1)
followed by a positive peak (P1) (Fig. 1). These
appear similar to the ffERG photopic ‘a wave’ and
‘b wave’, but they are not identical.

The data are displayed in the form of three-
dimensional topographic plots, group averages or
trace arrays. Group averages and topographic plot
evaluate the distribution of retinal signal. The
three-dimensional plots should be seen with corre-
sponding mfERG trace arrays for an accurate
interpretation of results. Since mfERG is easy to
interpret and well tolerated by the patient, it is
extensively used in various hereditary retinal dis-
orders. In congenital maculopathies like
Stargardt’s macular dystrophy and Vitelliform
macular dystrophy (VMD), the write foveal
responses on mfERG are markedly diminished sur-
rounded by near-normal perifoveal responses. In
contrast in cone dystrophies, the mfERG-responses
across the entire retina are markedly decreased or
lost (Fig. 2). Role of mfERG in early stages of reti-
notoxicity due to various drugs such as chloro-
quine, hydroxychloroquine, deferoxamine and
ethambutol is vital.2 It is now an integral part of

Fig. 1. Normal waveform of multifocal ERG.
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the new standard protocol for diagnosis of retinal
toxicity secondary to these drugs. MfERG can also
be used as a tool for post treatment follow-up of
patients with choroidal neovascular membrane or
macular hole.

MfERG plays little role in optic nerve disorders
because the ganglion cells do not contribute to it.

Multifocal visual evoked potential (mfVEP)
Flash and pattern VEP evaluate the optic nerve func-
tion. Flash VEP is mass response and pattern VEP is
dominated by responses from macular area. The
mfVEP as developed by Baseler et al.3 measures VEP
responses from the focal areas of the visual field and
helps in picking up distribution of the optic nerve
dysfunction. Interocular comparison of mfVEP
recordings is a sensitive indicator of optic nerve
disease (Fig. 3). MfVEP can also be done in subjects
not cooperative for visual field testing and in
children.

Photopic negative response (PhNR)
In addition to pattern VEP, PhNR has been used
as an indicator for ganglion cell function

especially in early glaucomatous neuropathy.4 The
PhNR is a slow negative potential that is seen
after the b-wave of a light-adapted ffERG. The
background illumination and the stimulus color
are altered in the basic ffERG protocol to record
PhNR. It can be recorded as full-field PhNR, focal
PhNR and mutifocal PhNR. The full-field PhNR
reflects the overall retinal ganglion cell function
and is used to assess the generalized optic nerve
damage while focal PhNR can reflect early
damage.4 The PhNR is found to be decreased in
primary open-angle glaucoma Fig. 4, ocular
hypertension and diabetic retinopathy. The PhNR
amplitudes for red stimulus on blue background
are large and are more effective in identifying
early glaucomatous damage.5

Pattern Electroretinogram (PERG)
PERG is helpful to differentiate between optic
nerve disease and macular disorder.6 Transient
PERG is produced by alternating reversal of a black
and white checkerboard pattern at a reversal rate of
6 per second. Normal transient PERG has two main
components: P50 (positive component appearing at

Fig. 2. mfERG trace array and 3-D plot multiplot (a) normal mfERG (b) Stargadt’s disease showing
reduced foveal and parafoveal ring responses with normal perifoveal ring responses (c) Cone
dystrophy showing generalized reduction of responses.

Fig. 3. MfVEP responses of 48-year-old female with pituitary adenoma and bitemporal hemianopia
in HVF 30-2 showing bilateral non-recordable temporal waveforms.
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45–60 ms) which shows macular function and
N95 (larger negative component appearing at
90–100 ms) which shows ganglion cell function
(Fig. 5). PERG has very low amplitude (0.5–8 µV);
special care is needed to differentiate it from noise
during recording.

It is recorded binocularly using the DTL elec-
trodes without pupillary dilatation with refractive
error correction in place. Normal ffERG with
decrease in P50 amplitude depicts localized
macular dysfunction as seen in patients with
Stargadt’s disease, macular hole and age related
macular degeneration. An abnormal ffERG with
an abnormal PERG suggests a generalized retinal
disorder as is evident in cone rod dysfunction
with macular involvement. Selective reduction of
N95 component, with a near normal P50 wave
suggests optic nerve pathology. N95/P50 ratio
remains normal in macular disease but decreases
in optic nerve diseases. During acute phase of
optic neuritis a profound loss of visual acuity is
seen with non-recordable PERG waveforms. In
chronic phase of optic neuritis as the optic nerve
edema resolves P50 recovers while N95 remains
abnormal with significant reduction in the N95:
P50 ratio. This is because of the retrograde degen-
eration of the ganglion cells seen in the chronic
stages of optic neuritis.7 Although PERG can dif-
ferentiate between a retinal and an optic nerve

disorder it does not give us the topography of the
disease process.

Hence, a combination of these new investiga-
tion modalities can give us a better understanding
of the physiology of the various ocular diseases
and help in their management.

Fig. 5. Normal waveform of PERG showing N35,
P50 and N95 components.

Fig. 4. The amplitude of PhNR (photopic negative response) is reduced in a glaucomatous (b) eye
as compared to a normal waveform (a).

Fig. 6. Sweep VEP of nine different spatial
frequencies. The calculated Minimal angle of
resolution (MAR) based on amplitude values for
different spatial frequencies (ranging from 3 to
32 cycles/degree) is 0.360 and the Snellen
visual acuity is 6/13.4.
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Sweep visual evoked potentials (sVEP)
The sVEP was introduced by Regan D (1973) for
measuring refractive error objectively.8 It evaluates
the visual acuity in infants, non-verbal and unco-
operative children objectively.9 The sVEP has
many spatial frequencies that are swept in single
recording session within 10–15 s of duration (Fig.
6). By sweeping the spatial frequency from high to
low, the visual acuity is obtained by determining
the highest spatial frequency to which the visual
system responds.10

Conclusion
Various electrophysiological tests help in arriving
at diagnosis and few tests help in the management
of certain ocular diseases. mfERG assess retinal
function in various retinal locations, mfVEP
assess focal areas of visual pathway function,
PERG help in differentiating retinal and optic
nerve disorders, PhNR helps to assess ganglion
cell function and sVEP is a objective quick
method to quantify visual acuity.
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Genetic Testing for Eye Diseases

Vikas Khetan

Advances in ocular genetic research allows a
better understanding of the genetic basis of many
eye diseases. Genetic testing is becoming available
for more and more disorders and the number of
genes being discovered is also on the rise,
although the testing may not be accessible to all
because of the costs involved.

Finding the genetic basis for a patient’s disease
allows for risk prediction, accurate diagnosis,
focused treatment and preventive screening and
care. Personalized medicine, particularly in the
field of pharmacogenetics, is becoming a reality
and we may be able to offer treatments to patients
based on the genetic testing results. We do know
that some patients respond and some do not to
the same anti-VEGF treatment for AMD/ PCV and
part of this could be because of the genetic
makeup, therefore if we have the results with us
before the start of the treatment, we may be able
to decide better for the patient. However, genetic
testing for AMD is still in its infancy.

With better understanding of retinal degenera-
tions, we now know that patients with ABCA4
mutations should not be given Vitamin A prophy-
laxis as it can worsen their disease. So with this
knowledge the older practice of putting RP
patients on vitamin A prophylaxis has reduced.
Whilst there is no effective therapy that we can
offer to these patients, we should not cause a
further decline in their visual status.

Gene therapy trials have taken place for RPE
65 gene and for choroderemia and more trials are
in early phases.

Genotype–phenotype correlation for a few con-
ditions have made us understand the diseases
much better. Knowing that a child with aniridia
has WAGR syndrome, we can be more vigilant in
systemic work up.

Importance of genetic testing for
Retinoblastoma cannot be overemphasized.
Children with germline mutation are at risk for
developing second non-ocular cancers and can
also pass the defective mutation to the offspring
and this could be explained to the family. For
non-germline cases we can avoid unnecessary
anesthesia exams. This can also be a big cost
saving for the family and can avoid unnecessary
long travels to specialized centers.

At Sankara Nethralaya, we have now started
offering genetic testing for a lot of eye conditions
after a pedigree-based counseling and the results
are then handed over to the patient after proper
verification. The whole process takes around 4–6
months.

I would recommend all readers to read the
article by Ed Stone et al. in ophthalmology about
recommendations for genetic testing of inherited
eye diseases.
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Update on Intraocular Oncology

Suganeswari Ganesan

Introduction
Ocular oncology has been evolving with new
imaging techniques and treatment modalities.
Imaging techniques have revolutionized the
understanding of the basic concepts of the tumor
pathology and have provided insights into the
development of newer modalities of treatment. In
the practice of Oncology, the primary focus has
always been to save the life of the individual suf-
fering from any carcinoma and this was also true
for intraocular tumors with practicing ophthal-
mologist needing to perform enucleation for most
of the intraocular tumors like the retinoblastoma
in the children and choroidal melanoma in adults.
With developments in ophthalmology and with
changing trends in diagnostic and management
modalities, the attention has shifted from purely
saving the lives to improving the quality of life.
The quest to improve the quality of life in cancer
survivors has led to the discovery of new techni-
ques that can salvage the eye and the vision while
simultaneously destroying the cancer tissue. In the
most common pediatric cancer, the retinoblastoma
the survival rates are nearly 100%. The success
rates as per the International Classification of
Retinoblastoma with standard intravenous chemo-
reduction in group A (100%), B (93%), C (90%), D
(48%), and E (25%).1 The eye salvage in retino-
blastoma is achieved through the delivery of
chemotherapy in various routes like the intraven-
ous, intra-arterial and intravitreal routes and the
localized radiation therapy called the brachyther-
apy. In the management of choroidal melanoma,
brachytherapy plays a vital role in tumor regres-
sion and also produces equivocal results when
compared with enucleation (removal of the eye) in
prevention of metastatic melanoma which was
made evident by the Collaborative Ocular
Melanoma Study (COMS), conducted over a period
of 12 years. In the past three decades, we have
seen a revolution in conservative therapy with
early detection of melanoma when the tumor
is 1–2 mm in thickness rather than detecting at
8–10 mm. In this update on intraocular oncology,
we shall be discussing about some of the eye-
sparing techniques like brachytherapy, intra-arterial
chemotherapy and intravitreal chemotherapy.

Ophthalmic brachytherapy
Definition
Brachytherapy (brachys, meaning ‘short-distance’)
is also known as internal radiotherapy. It found
its use in ophthalmology in the year 1930.
Ophthalmic brachytherapy is a surgical procedure

wherein localized radiation is delivered to the base
of the intraocular tumor by surgically anchoring a
radioactive-loaded plaque over the scleral surface.
Plaque brachytherapy has evolved as an excellent
alternative technique to enucleation sparing both
eye and vision.

Intraocular tumors treated by brachytherapy with
recommended doses2

Choroidal melanoma: 85 Gy

Retinoblastoma: 40 Gy

Vasoproliferative tumors: 40 Gy

Choroidal hemangioma: 40 Gy

Brachytherapy team

Plaque surgeon

Radiation oncologist

Medical physicist

Commonly used isotopes in brachytherapy

Ruthenium (Ru)-106

Palladium (Pd)-103

Iodine (I)-125

Strontium-90 (90Sr)

Photon Decay Half life (days)
125I Gamma 59.4
103Pd Gamma 16.99
131Cs Gamma 9.69
106Ru Beta 371.8
90Sr Beta 28.8

Dose calculation is done using the plaque simula-
tor software version (Bebig GmbH, Berlin,
Germany). The longitudinal, circumferential and
apical diameters of the tumor are important para-
meters to be measured using ultrasonography.

Structure of Indian plaque
Indian plaque is manufactured by Bhabha Atomic
Research Center called ‘BARC I-125 Ocu-Prosta
seeds’. Radioiodine (125I) adsorbed on palladium-
coated silver rod encapsulated by titanium
capsule.3 Slotted, unslotted, rimmed, unrimmed
gold plaques are available. COMS plaques are cir-
cular rimmed plaques.
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Technique
Placement of plaque
It is performed under peribulbar or retrobulbar
anesthesia for adult patients and under general
anesthesia for children. After cleaning, prepping
and draping of the involved eye, localized perit-
omy is made in the involved quadrant. Tagging of
the rectus muscle is done. Localization of the
tumor is done with transillumination or scleral

depression. Plaque containing the seeds is
anchored to sclera. Conjunctiva is closed with
sutures. Eye should be covered with lead shield
and patient to be kept in isolation for a period of
4–5 days depending on the dosimetry.

Removal of plaque
It is also performed under aseptic precautions as
described above. Localized peritomy is made in
the involved quadrant Anchoring sutures are cut.
Plaque is removed with seeds in to. Seeds have to
be counted and checked. Conjunctiva is closed
with sutures. The radioactive seeds are returned
back to Bhabha Atomic Research Center.

Limitations in choroidal melanoma

• Tumor more than 12 mm in apical height or
20 mm in basal diameter.4

• Gross extraocular extension.

• Painful blind eyes.

• Eyes with no perception of light.

Complications of brachytherapy5

• Radiation cataract.

• Radiation retinopathy.

• Radiation optic neuropathy.

Intra-arterial chemotherapy (IAC)
Definition
Intra-arterial chemotherapy is a targeted therapy
against retinoblastoma that involves the delivery
of potent chemotherapy directly into the ophthal-
mic artery.

Evolution
The first initiative was made in 1954 by Reese
et al.6 In 1966, Kiribuchi shared his success story
with injection of 5-fluorouracil into the frontal or
supraorbital artery of children with retinoblast-
oma.7 The technique of IAC has evolved over the
past 15 years with Japanese investigators showing
success with delivery of melphalan into the oph-
thalmic artery by occluding distal flow in the
internal carotid artery using catheterization and

Fig. 1. Unslotted gold plaque in different sizes.

Fig. 2. BARC 125I Ocu-Prosta seeds.

Fig. 3. Plaque with the glued BARC 125I
Ocu-Prosta seeds.
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balloon occlusion.8,9 Gobin and Abramson of the
USA refined further by cannulating the proximal
ophthalmic artery precisely under fluoroscopic
guidance for chemotherapy to perfuse the eye
selectively without perfusing the brain.10

Team
Ocular oncologist, endovascular neurosurgeon,
pediatric oncologist

Japanese technique
The Japanese technique was called selective oph-
thalmic arterial infusion (SOAI) therapy. The SOAI
system consists of a micro-balloon, guiding cath-
eter and a flushing hub. After selective catheter-
ization to the cervical segment of the internal
carotid artery by the guiding catheter, the micro-
balloon was propelled to the portion just distal to
the orifice of the ophthalmic artery. During tem-
porary occlusion of the internal carotid artery,
melphalan was infused from the introduced cath-
eter tip.11

American technique
Performed under general anesthesia with anti-
coagulation [intravenous heparin (75 IU/kg)] in
the operation theatre. Femoral region is cleaned,
draped and 4-French arterial sheath is placed. The
catheter is guided into the ipsilateral internal

carotid artery using fluoroscopic guidance. Serial
arteriogram is done for deciding the best
approach. Ipsilateral proximal portion of the oph-
thalmic artery is catheterized with a microcatheter
and a confirmatory angiogram is then performed.
Chemotherapy is diluted in 30 ml of saline is
delivered using a pulsatile, non-laminated tech-
nique manually over 30 min. Once the infusion is
completed, a post-infusion arteriogram is done.
The catheters are withdrawn and the femoral
sheath is removed. By manual compression the
hemostasis of the femoral artery is achieved. Child
is kept on oral aspirin (40 mg) for 2 weeks.12

Dosage

• Melphalan: starting at 2.5 mg for 3 months to
5.0 mg for a 3 years

• Topotecan: starting at 0.3 mg for 3 months to
0.4 mg for a 3 years

• Carboplatin: 30 mg for 6 months to 3 years

Eyes that would benefit from IAC

• Primary IAC: International Classification of
Retinoblastoma (group C , group D and group E)

• Secondary IAC: other modalities have failed

Fig. 4. The pre- and post-brachytherapy of a medium sized choroidal melanoma with features of
radiation retinopathy at 2 years.
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Eyes that should not be considered for IAC

• Possibility of tumor regression with focal
therapy (laser/trans pupillary thermotherapy/
cryotherapy)

• Possibility of tumor regression with
brachytherapy

• Possibility of tumor regression with intraven-
ous chemotherapy

• Neovascular glaucoma

• Presence of invasion into the optic nerve

• Presence of invasion into the choroid

• Presence of extrascleral extension

• Anaphylactic reaction with previous IAC

• Poor visualization of the tumor

• Persistent retinal detachment

Complications from IAC12

• Ophthalmic artery stenosis

• Occlusion of central retinal artery/ branch
retinal artery occlusion/ciliary arteries

• Orbital vascular occlusion

• Eyelid edema

• Blepharoptosis

• Cilia loss

• Orbital congestion

• Temporary extraocular dysmotility

• Retinal pigment epithelial mottling

• Radiation-related toxic effects

Concern

• Anomalous origin of the ophthalmic artery

• Blood dyscrasia

Intravitreal injections in intraocular oncology
Definition
Intravitreal chemotherapy is a targeted therapy
against retinoblastoma seeds in the vitreous that
involves the delivery of potent chemotherapy dir-
ectly into the vitreous.

Evolution
Ericson et al.13 were the first to initiate the intra-
vitreal chemotherapy for retinoblastoma in the
year 1960. The superior efficacy of melphalan was
established by Inomata and Kaneko.14 Later,
Kaneko presented his unpublished data on achiev-
ing eye salvage rate of 51% by treating 41 eyes

with intravitreal injection of 8–30 μg melphalan
and ocular hyperthermia for vitreous seeds. Since
then melphalan hydrochloride, topotecan hydro-
chloride and methotrexate have been in use.

Team
Ocular oncologist, anesthetist and pediatric
oncologist.

Dosage
20–40 μg of melphalanhydrochloride15

8–20 μg of topotecan hydrochloride15

Technique
It is performed under general anesthesia after
cleaning and draping of the involved eye using a
sterile technique. Melphalan is available as a
freeze-dried powder is prepared using the provided
sterile diluent with concentration of 20 μg/0.1 ml.
The half-life is ∼90 min. Injected through the pars
plana (3 mm from limbus, beveled approach) with
a 30 G needle 1–2 clock hours away from the vit-
reous seed cryotherapy is applied to the injection
site to include the needle in the ice ball withdraw-
ing the needle through the ice ball during the first
freeze. Triple freeze thaw cryotherapy is then com-
pleted. The eyeball should be moved with forceps
vigorously to cause drug dispersion throughout
the vitreous cavity and preferably to the site of
vitreous seeds.

Eyes that would benefit
Persistent/recurrent/viable vitreous retinoblastoma
seeds with good regression of the solid tumor.16

Eyes that should not be considered for intravitreal
chemotherapy

• Presence of viable solid intraretinal
retinoblastoma

• Presence of viable viable subretinal seeds

• Presence of uveal or optic nerve invasion

• Risk for metastatic disease

Complications

• Focal retinal pigment epithelial mottling

• Risk for extraocular subconjunctival extension

• Vitreous hemorrhage

• Retinal detachment

• Intraocular infection

Conclusion
Developments in intraocular oncology have been
overwhelming in the past three decades with
excellent responses to conservative treatment in
both retinoblastoma and choroidal melanoma.
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Solid tumors in retinoblastoma have shown good
regression patterns with chemotherapy/focal
thermal laser/localized brachytherapy. Subretinal
tumor seeds show partial or complete response to
therapy. Vitreous seeds are the least responsive
and remain a major challenge. Management of
small choroidal melanoma by observation or
plaque radiation therapy remains controversial.
Medium choroidal melanoma is better managed
by brachytherapy as brachytherapy yields equi-
valent overall and melanoma metastasis-specific
survival rates to enucleation for medium-sized
melanomas. Large choroidal melanoma manage-
ment still remains a challenge in terms of eye
sparing techniques.
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Retinopathy of Prematurity: An Update

Parveen Sen, Chetan Rao and Nishat Bansal

Introduction
Retinopathy of prematurity (ROP) was originally
designated as retrolental fibroplasias by Terry in
1952 who related it with premature birth.1 Term
ROP was coined by Heath in 1951.2

It is a disorder of development of retinal blood
vessels in premature babies. Normal retinal vascu-
larization happens centrifugally from optic disc to
ora. Vascularization up to nasal ora is completed
by 8 months (36 weeks) and temporal ora by 10
months (39–41 weeks).3

The incidence of ROP is increasing in India
because of improved neonatal survival rate. Out of
26 million annual live births in India, approxi-
mately 2 million are <2000 g in weight and are at
risk of developing ROP.3 In India the incidence of
ROP is between 38 and 51.9% in low-birth-weight
infants.3,4

Screening guidelines
American Academy of Pediatrics guidelines5

• Infants with birth weight of ≤1500 g.

• Gestational age of 30 weeks or less.

• Infants with birth weight between 1500 and
2000 g or gestational age of >30 weeks with
unstable clinical course.

Indian scenario4

• Birth weight <1700 g

• Gestational age at birth <34–35 weeks

• Exposed to oxygen >30 days

• Infants born at <28 weeks and weighing
<1200 g are particularly at high risk of devel-
oping severe form of ROP

• Presence of other factors such as respiratory
distress syndrome, sepsis, multiple blood trans-
fusions, multiple births (twins/triplets), apneic
episodes, intraventricular hemorrhage increase
risk of ROP. In these cases screening should be
considered even for babies>37 weeks gestation
or >1700 g birth weight.

The first screening should be done within 4 weeks
(30 days) of life in infants with age >28 weeks of
gestational age. Screening should be done earlier
(2–3 weeks after birth) if gestational age is <28 weeks
or birth weight is <1200 g.4 Screening should be
done by an ophthalmologist who is well versed
with indirect ophthalmoscopy in ROP babies. Child
should be fed 1 hour prior to examination. We use

1 ml of 10% phenylephrine (Drosyn) mixed in 3 ml
of 1% tropicamide (after discarding 2 ml from 5 ml
bottle) for pupillary dilatation. These combination
drops are used every 15 minutes for 3 times.
Punctum occlusion is mandatory after instilling the
drops to reduce the systemic side effects of medica-
tion. Excess eye drops should also be wiped off to
prevent absorption through cheek skin. If the pupil
does not dilate in spite of proper use of medication,
presence of plus disease should be suspected.
Repeated installation of topical drops should be
avoided to prevent systemic problems. Sterile
Alfonso speculum is used to retract the lids and wire
vectis for gentle depression.

High-quality retinal images obtained using
commercially available wide-angle fundus camera
like the Retcam followed by Telescreening by a
trained ophthalmologist can also be done. In
developing countries like India where majority of
people live in remote areas which may not have
access to the tertiary-level care, telescreening may
bring more children into the screening program.
This model has been successfully used by Vinekar
et al. in Karnataka Internet Assisted Diagnosis of
Retinopathy of Prematurity (KIDROP).6 The follow
up schedule for these babies is given in Table 1.

Role of laser
Since the stimulus for abnormal vessels comes
from the avascular retina therefore ablating the
peripheral avascular retina is believed to cause
regression of the ROP. Earlier the CRYO-ROP
Study7 treatment guidelines were followed; with
the results of Early treatment for retinopathy of
prematurity (ETROP study)8 there has been a para-
digm shift in treatment to laser therapy from
CRYO therapy. Laser therapy significantly allows
more precision of treatment as well as reduces the
unfavorable side effects of the cryotherapy and
has more than 90% successful results.8 Laser treat-
ment protocol according to ETROP is given in
Table 2.

Treatment guidelines
Laser is done using indirect laser ophthalmoscope
under topical anesthesia after pupillary dilatation
under care of an anesthetist in the operation
theatre. The entire avascular retina up to the ora
serrata should be ablated with near confluent
burns (0.5–1 burn width apart) up to the ridge.
Heart rate and apnea spells should be monitored
throughout the laser.9 In severe forms of disease
not responding to this laser photocoagulation
further laser to the ridge as well as posterior to
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ridge has also been shown to be effective in severe
cases of ROP.10 This has caused regression of the
disease in some cases and avoided the progression
of tractional retinal detachment.

Follow-up visits after laser treatment are
usually weekly till the ROP regresses and involu-
tion of all tractional elements is seen and vascu-
larization reaches the temporal ora.

Fig. 1 (A) Stage 1: Demarcation line. (B) Stage 2: Ridge. (C) Stage 3: Ridge with extra retinal
fibrovascular proliferation. (D) Stage 4A: extrafoveal retinal detachment. (E) Stage 4B: fovea involving
retinal detachment. (F) Plus disease with dilated and tortuous retinal vessels

Table 1 Follow-up schedule for ROP babies4

Follow-up Immature vascularization,
no ROP

ROP
Stage 1 or 2

ROP
Stage 3

Regressing
ROP

1 week or
less

Zone I or immature retina
extends into posterior zone II

Stage 1 or 2,
zone I

Zone III, zone II
pre-threshold

1–2 weeks Posterior zone II Stage 2, zone II Unequivocally
regressing ROP, Zone I

2 weeks Zone II Stage 1, zone II Unequivocally
regressing ROP, Zone II

2–3 weeks Stage 1 or 2,
zone III

Regressing ROP, Zone III
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Role of anti-vascular endothelial growth
factor (VEGF)
In recent times, anti-VEGF has also been used in
severe forms of ROP, especially those not respond-
ing to laser photocoagulation. Its role, however, is
very controversial. VEGF is needed in premature
babies for the normal organogenesis and vasculo-
genesis. Also systemic absorption may cause vas-
cular development delay in other organs in these
premature babies. Therefore, it is not recom-
mended by many as the first-line therapy.5

BEAT ROP study which compared bevacizumab
monotherapy with conventional laser therapy
showed promising results for stage 3+ ROP in
zone 1 but not in zone 2.11 In this study, periph-
eral retinal vessels continued in normal fashion
after treatment with intravitreal bevacizumab. This
study was too small to assess the safety profile in
these babies.11

The follow-up period after mono therapy is
unpredictable as there can be a recurrence of neo-
vascularization even beyond 54 weeks of post-
gestational age. It is recommended that follow-up
should be continued till there is no evidence of
tractional elements and the vascularization
reaches ora.5 In Zone 1 ROP, the Laser treatment
outcomes are poorer. Treatment with anti-VEGF
followed by a 4–5 days later with laser treatment
in these cases has improved the efficacy of laser
along with a reduced need for extensive laser
especially at the posterior pole.12 In a study by
Chen et al. both bevacizumab and ranibizumab
had similar efficacy at the end of 1 year in terms
of ROP regression and visual acuity.13

On the basis of available literature indication
for anti-VEGF therapy can be enumerated as:

1 Primary therapy for aggressive posterior zone
1 disease (APROP).

2 Aggressive anterior ROP or media haze due to
aggressive posterior disease to improve visual-
ization for laser treatment.

3 Failed laser treatment leading to persistent
neovascularization, tractional elements or trac-
tional retinal detachment prior to surgery.

Role of surgery
Surgery is done for tractional retinal detachment
(TRD) repair as seen in Stages 4 and 5 ROP. The
aim for surgical intervention in Stage 4 ROP is to
prevent progression of retinal detachment. Scleral
buckling (placing 240 band at the height of the
TRD by making sclera tunnels in all quadrants) is
done for Stage 4A ROP with only peripheral trac-
tional retinal detachment. This surgery does not
involve the removal of membranes formed on the
retina but by causing peripheral scleral indenta-
tion reduces the effective TRD. This procedure can
be combined with cryotherapy or laser to any
peripheral persistent new vessels. The encircling
band needs to be removed once the child is 1 year
of age to allow normal growth of the eyeball and
to reduce the amount of anisometropia induced by
the buckle.

Lens sparing vitrectomy (LSV) has shown
promising results in Stages 4A and 4B. Long-term
results with lens sparing vitrectomy were favor-
able in the study by Trese et al.: 82.1% (Stage 4A),
69.5% (Stage 4B) and 42.6% (Stage 5) showing
successful anatomical reattachment of retina with
lens being clear for at least the first decade of
life.14 Bhende et al. also reported 82% anatomical
success in 4A stage ROP and 50% in Stage 4B
ROP after single procedure.15 25-Gauge vitrectomy
is now commonly used for ROP surgery. Finer
instrumentation and more effective microvit
systems in small gauges are useful during mem-
brane dissection. However, modification of the
technique in the form of conjunctival dissection
as well as suturing of the sclerotomies at the end
of surgery may be necessary.16 Modern vitreo-
retinal surgical tools like the infusion light pipe,
binocular indirect ophthalmoscopy (BIOM) which
allows wide-angle viewing has reduced the risk of
creating iatrogenic retinal breaks and also sparing
of lens, allowing easy visual rehabilitation in
these children.17

In Stage 5 ROP, the results of surgical interven-
tion are poor. It usually involves the removal of
the lens. Gopal et al. had anatomical success with
the attachment of posterior pole in 22.5% of cases
with lens sacrificing vitrectomy though visual
results were unsatisfactory with only two children
showing mobile vision out of 96 eyes.18 Closed
globe vitreoretinal surgery was done in all these
eyes with Stage 5 ROP. The aim of the surgery for
Stage 5 ROP is to clear all preretinal tissue up to
the disc and open the peripheral trough all round.
In most instances, bimanual surgery under visco-
elastic is performed. Anterior chamber (AC) main-
tainer to keep the IOP under control during
surgery is also used. Fixation of infusion cannula

Table 2 Laser treatment protocol for ROP according
to ETROP8

Zone 1

No Plus Stage 1 Follow
Stage 2 Follow
Stage 3 Treat

Plus Stage 1 Treat
Stage 2 Treat
Stage 3 Treat

Zone 2

No Plus Stage 1 Follow
Stage 2 Follow
Stage 3 Follow

Plus Stage 1 Follow
Stage 2 Treat
Stage 3 Treat
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through pars plicata is impossible in these cases
because the retina is pulled up to the lens.

Open sky vitrectomy (through a trephined
corneal opening) has also been advocated by some
especially in cases with corneal opacity.19 It has
the advantage of allowing two hand dissection
from a large anterior incision but maintenance of
intraocular pressure is difficult.

Conclusion
Considering the poor outcome of surgery in end-
stage ROP timely intervention in the form of laser
treatment is the best treatment option. There is
need to increase the awareness of the disease to
make sure these babies can be treated on time.
Also there is a need of more numbers of special-
ized vitreoretinal surgeons who can handle these
babies.
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Current Role of Photodynamic Therapy in
Ophthalmic Practice

Pukhraj Rishi and Vishvesh Agarwal

Introduction
Photodynamic therapy (PDT) is a form of light-
therapy using light-sensitive compounds that
when exposed to light selectively become toxic to
targeted cells (phototoxicity).1 Most PDT applica-
tions involve three components: a photosensitizer,
a light source and tissue oxygen. The combination
of these three components leads to chemical
destruction of tissues which have taken-up the
photosensitizer and have been locally exposed to
light of appropriate wavelength to produce react-
ive oxygen species (ROS). These ROS are free radi-
cals (Type I PDT) generated through electron
abstraction or transfer from a substrate molecule
and highly reactive state of oxygen known as
singlet oxygen (Type II PDT). It is important to
distinguish PDT from other light-based and laser
therapies such as laser wound healing and reju-
venation, or intense pulsed light hair removal,
which do not require a photosensitizer. PDT is
used clinically to treat a wide range of medical
conditions.2 The era of PDT in Ophthalmology
was initiated by results of the TAP study.3 The
first indication for which PDT was approved in
ophthalmology was choroidal neovascularization
(CNV) in patients with age-related macular degen-
eration (AMD).

The technique of administering PDT requires
the combination of laser and photosensitizer
Visudyne®. PDT utilizes photosensitizer Visudyne®
[liposomal benzoporphyrin derivative monoacid
ring A (BPDMA)] given via intravenous infusion
at a dose of 6 mg/m2 of body surface area. Fifteen
minutes after the infusion, the ‘standard’ protocol
of focal light (light dose of 50 J/cm2, irradiance of
600 mW/cm2 of 689 nm light over 83 seconds) is
delivered. This treatment is ‘selective’ in that the
photosensitizer is selectively taken up by the pro-
liferating endothelial cells of the neovascular
tissue thus leading to occlusion and reducing col-
lateral damage. PDT was first recommended for
cases of subfoveal classic or occult CNV in AMD.5

The approval of intravitreal Ranibizumab for
treatment of CNV in AMD has led to decline in
the use of PDT. The main advantage of anti-VEGF
when compared with PDT is more improvement in
BCVA (77% vs 28%) and less reduction in BCVA
(21% vs 60%) at 2-year follow-up.6 PDT is cur-
rently recommended for CNV in AMD either
refractory to anti-VEGF therapy or as monother-
apy in patients with contraindications for
anti-VEGF therapy.7

The PDT use in myopic CNV was established by
the results of the VIP reports 1 and 2 where reduc-
tion in BCVA was less with PDT as compared to
placebo (36% patients lost at least eight EDTRS
letters as compared to 51% with placebo) while
more number of patients had improvement in
BCVA (improvement in BCVA of at least five
ETDRS letters was seen in 40% with PDT as com-
pared to 13% with placebo) at 24-month
follow-up.8,9 Currently, PDT is recommended for
use in myopic CNV in cases where anti-VEGF has
been ineffective or is contraindicated.10

In patients with CNV due to angioid streaks,
stability in BCVA is achieved with the use of
PDT.11 However, the success rate achieved with
anti-VEGF in angioid streaks by Browning et al.
tilted the balance towards anti-VEGF as the pre-
ferred modality of treatment.12 PDT has also been
used with some success in cases of inflammatory
CNV due to multifocal choroiditis, punctate inner
choroidopathy (PIC) and toxoplasmosis.13

Polypoidal choroidal vasculopathy (PCV) is a
disorder characterized by subretinal polypoidal
vascular lesions. PDT was found to be successful
in improving BCVA in 56% cases and maintaining
vision in 31% cases of PCV.14 Currently, PDT is
recommended for treatment of juxtafoveal and
subfoveal PCV, alone or in combination with
intravitreal Ranibizumab (0.5 mg/0.1 ml).15

Central serous chorioretinopathy (CSCR) is a
disorder characterized by pigmentary epithelial
detachment with subretinal fluid. The use of PDT
is based on the rationale that primary choroidal
hyperpermeability is the basic cause of CSCR.
Treatment with PDT leads to visual improvement
of ≥2 lines in 43% cases while loss of ≥2 lines of
BCVA occurs in about 7.5%. cases. RPE atrophy
seen in about 4% cases.16

Apart from retinal lesions, various ocular
tumors have been treated with PDT with variable
success rates. PDT is the one of the treatment
alternatives in recurrent choroidal melanoma.17

PDT is also a good option for treatment of symp-
tomatic choroidal nevi, especially in cases with
subretinal fluid. However, despite resolution of
subretinal fluid, it does not provide good local
tumor control.18,19

The use of PDT in patients with retinal capil-
lary hemangioblastomas achieves regression of the
tumor, resolution of macular edema. However,
improvement in BCVA is not always seen (around
50% cases).20,21 On the contrary, the use of PDT
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in choroidal hemangioma achieves excellent
tumor control, resolution of macular edema as
well as exudative macular detachment along with
improvement in BCVA. This has made PDT as the
preferred treatment option for cases of choroidal
hemangioma.22,23 There are a number of other
ocular tumors such as vasoproliferative tumors of
the retina, choroidal osteoma, retinal astrocytoma
where PDT has been used with variable success
rates.24–26

Ocular surface squamous neoplasia (OSSN) is
an ocular condition characterized by growth of
neovascular tissue on the surface of the cornea
and sclera. PDT was first used for treatment of
OSSN by Barbazetto et al. This led to its use for
treating OSSN, without extensive invasion, which
is its current indication.27,28

With the growing evidence in support of PDT
for successful treatment of various retinal neovas-
cular lesions, the use of PDT in corneal neovascu-
larization for prevention of corneal graft rejection
was explored. PDT achieves an immediate reduc-
tion in corneal neovascularization with decreased
neovascularization maintained in 75% and com-
plete vascular occlusion achieved in 50% of
treated eyes at 1-year follow-up. Recently, PDT
has also been used in combination with subcon-
junctival Bevacizumab for the treatment of
corneal neovascularization. A triple combination
of PDT, subconjunctival Bevacizumab and topical
cyclosporine has also been tried.29–31

However, with the growing utility of PDT in
ocular conditions, its side-effects warrant consid-
eration, too. The most common systemic side-
effects encountered are infusion-related back pain
and minor allergic reactions at the injection site.
Cases of serious allergic reactions are extremely
rare though. Sunlight exposure is to be avoided
for 3 days following PDT to avoid sunburn. The
most important ocular side effects are secondary
CNV, persistent choriocapillaris hyoperfusion and
pigmentary changes in the RPE in the treated
area.32 All these concerns have led to the explor-
ation of reduced fluence PDT (irradiance of
300 mW/cm2 instead of 600 mW/cm2) by some
authors with success rates similar to those
achieved with standard fluence. A novel approach
has been reducing the dose of verteporfin from
6 to 3 mg/m2. This modification has achieved
success rates similar to the standard fluence PDT
but with the theoretical advantage of reduced
scarring.33–35

In conclusion, indications of PDT extend from
ocular surface conditions to intraocular tumors,
making it a useful tool in the armamentarium of
the ophthalmologist.
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Techniques of Fundus Imaging

Amit B. Jain, Vadivelu Jaya Prakash and Muna Bhende

Introduction
Ophthalmology is a specialized field of medicine,
where we can directly visualize the pathology and
treat accordingly. Imaging of fundus helps in doc-
umenting the disease process which further helps
in classifying, treating and following up effect-
ively. Fundus imaging helps in diagnosing various
ocular and systemic disorders like diabetic retino-
pathy, hypertensive retinopathy, age-related
macular degeneration, glaucoma, subacute bacter-
ial endocarditis, leukemia, systemic malignancy
with ocular metastasis etc. and thus helps in
effectively managing the condition. This review
focuses on various fundus imaging modalities
such as digital fundus photography, autofluores-
cence, infrared reflectance, etc. making a note of
recent advances in fundus imaging technology.
The history of fundus imaging dates back to early
20th century, but it has advanced as time has pro-
gressed. With the advent of digital imaging, the
film-based imaging is almost an obsolete tech-
nique now. Table 1 summarizes the major differ-
ences in film-based and digital imaging.

Fundus imaging can be defined as a two-
dimensional image of a three-dimensional retinal
tissue captured using reflected light. Fundus
imaging can be categorized into contrast and non-
contrast modalities as shown in Table 2.

Discussion in this review will be limited to
non-contrast techniques of fundus imaging along
with recent advances. A detailed discussion on
FFA and ICG is beyond the scope of this review.
The list of available machines mentioned is by no
means exhaustive and does not indicate any com-
mercial interest of the authors.

Red free fundus photography
It is a technique of monochromatic retinal
imaging which uses green contrast filters to
modify individual tones in monochrome images
and the increased scattering of light at shorter
wavelengths. Various fundus structures can be
better visualized by limiting the spectral range of
the illuminating source.3

Green light enables excellent contrast and view
of fundus as the peak spectral sensitivity of the
human eye falls in the green–yellow portion of
the spectrum. Less scatter compared to shorter
wavelengths, results in a better view even in
media opacities. Retinal vasculature and nerve
fiber layer (RNFL) are best seen in red free photo-
graphy, thus helping in better identification of
hemorrhages, drusen, microaneurysms, RNFL
defects and exudates. For this reason, green filter
‘red-free’ photos are routinely taken as baseline
images before fluorescein angiography.4
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Table 1 Comparison of digital fundus and film-based fundus imaging1

Digital Film-based

Resolution 1000 pixels 10000 pixels (in ideal conditions)

Stereoscopic viewing Available Available

Image manipulation Easy Difficult

Processing and duplication time Seconds Hours

Lesion measurement Irregular tracing made easy Best fit circles

Transmission Worldwide via internet (instantaneous) Manual delivery of copies (slow)

Cost Installation cost high Installation cost less

Table 2 Various imaging modalities based on use of contrast

Contrast Non-contrast

Fluorescein angiography (FFA) 1. Red-free photography

Indocyanine angiography (ICG) 2. Color fundus photography
a Stereo fundus photography
b Digital fundus photography
c Confocal scanning laser ophthalmoscopy (cSLO)

3. Fundus autofluorescence

4. Infrared reflectance

5. Hyperspectral retinal imaging

6. Adaptive optics SLO
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Color fundus imaging
A. Stereo-imaging
Diagnostic information can be greatly improved
by creating a visual sense of depth by laterally
shifting the fundus camera a few millimeters
between sequential photographs. The illuminating
beam of the fundus camera falls on opposite
slopes of the cornea creating a cornea-induced
parallax.4 This results in pseudo three-dimensional
image formation from an ordinary two-
dimensional fundus photographs. Dedicated stereo
display software is available for accurate align-
ment of digital stereo images.4

B. Digital fundus photography
Carl Zeiss Company in 1926 introduced the first
commercially available fundus camera which pro-
vided a 20° field of view of the retina.5

Traditionally used fundus cameras (Fig. 1) provide
30° to 45° field of view which can subsequently
be increased by mosaic or montage patterns.

Imaging beyond 50° is called wide-field pho-
tography and the recent development came with
the introduction of ‘ultrawidefield’ photography.
These include the Pomerantzeff camera,6 the
Retcam (Clarity Medical Systems, Inc., Pleasanton,
CA, USA), the Panoret-1000™ camera (Medibell
Medical Vision Technologies, Haifa, Israel), the
Optos® camera (Optos PLC, Dunfermline, UK), and
the Staurenghi lens7 (Ocular Staurenghi 230 SLO
Retina Lens; Ocular Instruments Inc, Bellevue,
WA, USA) etc. allowing 100° to 200° view of
fundus. This allows for simultaneous evaluation of
the peripheral and central retina without causing
any patient discomfort.

C. Confocal scanning laser ophthalmoscopy imaging
Some of the newer imaging techniques use the
principle of confocal scanning laser ophthalmos-
copy (cSLO). Instead of a bright flash of white
light as in traditional photography, cSLO uses
laser light to illuminate the retina. Confocal
imaging acts by a detailed point-by-point scan-
ning of the entire field by a focused laser beam
and then capturing the reflected light through a
small confocal pinhole, which in turn suppresses
any scattered or reflected light outside the focal
plane that could blur the image. This result in a
sharp, high-contrast image of an object layer
located within the focal plane.8,9

The advantages of using cSLO over traditional
fundus photography include improved image
quality, suppression of scattered light, and patient
comfort through less bright light, three-
dimensional imaging capability, video capability,
and effective imaging of patients who do not
dilate well. Examples of cSLO-based ultrawidefield
imaging (UWFI) systems include the Optos®
camera (Optos PLC, Dunfermline, UK), and
Spectralis® (Heidelberg Retina Angiograph (HRA
2), Heidelberg Engineering, Germany).

The main limitation in wide-field imaging is
the difficulty in projecting a curved surface on a
flat two-dimensional plane (Greenland effect) and
software are being developed to address this.
Research is also going on to determine whether
retinal surface area can be precisely measured in
square millimeters.10

Fundus autofluorescence
Fluorescein angiography uses fluorescein dye to
delineate retinal vascular and associated

Figure 1. Zeiss FF 450 plus IR colour fundus
camera which provides good quality colour
fundus images with optical zoom of three
magnification levels (20°, 30° and 50°) and FFA
along with the option of adding ICG and FAF to
its software.

Figure 2. Montage of FFA of the right eye of a
patient with vasculitis showing
neovascularisation at the disc along with
extensive capillary nonperfusion areas and laser
marks superiorly. Note the enlarged view
obtained by montage technique (approximately
75°).
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pathology, the basic nature of dye to cause fluor-
escence helps in the diagnostic ability. The human
eye itself has few components which fluoresce
without any external addition of dye. Imaging of
such auto-fluorescing substances has given an
altogether new dimension to diagnostic imaging.
Fundus autofluorescence imaging takes advantage
of the intrinsic autofluorescence of lipofuscin,
normally found in RPE cells accumulated as a
result of phagocytosis of the constantly shed
photoreceptor outer segments. RPE dysfunction
leads to an imbalance between lipofuscin forma-
tion and clearance resulting in excessive accumu-
lation of lipofuscin.11 Higher the lipofuscin
content of the RPE cell, the more autofluorescent
it will appear on FAF. Atrophic (dead) RPE cells
appear severely hypoautofluorescent as they do
not contain lipofuscin, whereas viable cells have a
varying content of lipofuscin and accordingly, a
varying degree of hyperautofluorescence.

Modified fundus cameras use a single flash
with excitation spectrum of 535–585 nm to record
a single image whereas confocal-based systems
use continuous scanning with an excitation spec-
trum of 488 nm resulting in recording of multiple
images with averaging to obtain a final image of
high resolution. Overall image quality and contrast
are maximized with the cSLO’s multiple image
acquisition and mean image calculation.12

FAF imaging gives information about the
metabolic changes at the level of the RPE and
helps to identify areas that may be at high risk for
the development of geographic atrophy or CNV.
FAF imaging has helped us with better under-
standing of various diseases, classification, prog-
nostication, and follow up in conditions like
ARMD, CSR, Stargardt’s disease, Leber’s congeni-
tal amaurosis and Serpiginous choroiditis.11,13–17

Infrared reflectance
A newer variant of fundus photography, infrared
reflectance (IR) imaging uses infrared light instead
of white light for illumination. Red wavelengths

are longer than the other colored wavelengths of
the visible spectrum making them less prone to
absorption by blood and melanin. This results in
greater amount of light (reflectance) being avail-
able to form an image as compared to shorter
wavelengths in the visible spectrum, and hence
constitute better tool for imaging structures
deeper to the RPE.18,19

IR is a non-invasive en face imaging technique
which helps in visualizing sub-retinal pathology.18

IR imaging has several advantages over flash
fundus photography. The invisibility of infrared
light makes it better acceptable for imaging chil-
dren and light-sensitive patients. As the penetra-
tion of infrared light is better, it acts as a useful
imaging tool in patient with media opacities like
dense cataract. IR imaging may offer better visual-
ization of epiretinal membranes, cystoid macular
edema and deeper structures compared to fundus
photography and red-free imaging. IR was found
to be superior to standard color fundus photog-
raphy in screening for neovascular AMD.19

Hyperspectral retinal imaging
It is a novel, non-invasive imaging technique for
ocular diagnosis using the spectroscopy principle
of retinal oximetry, which exploits the different
spectral characteristics of oxygenated vs deoxyge-
nated hemoglobin to assess tissue perfusion. This
enables evaluation of functional characteristics of
tissue health. Its role is important in microvascular
disorders like diabetic retinopathy, sickle cell
disease, ARMD.20,21

Adaptive optics SLO
The optical properties of the normal eye result in a
point spread function width approximately the
size of a photoreceptor. Standard fundus cameras
have the shortcomings of inability to visualize
individual cells/structure because of the various
aberrations of the visual system. Adaptive optics
uses mechanically activated mirrors to correct the
wavefront aberrations of the light reflected from

Figure 3. Left eye fundus photograph of 30 year old man with retinitis pigmentosa showing
extensive bony spicules reaching almost upto the macula along with some atrophic changes. FAF
image of the same eye clearly showing the demarcation between the viable (normal
autofluorescence) and the atrophic areas (hypoautofluorescence).
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the retina and thus allows individual photorecep-
tors to be imaged.22 Recent studies have shown
the ability of adaptive optics-based system to
image microscopic blood vessels and the cone
photoreceptor mosaic. Its utility has been shown
in identifying reduced cone photoreceptors in
Retinitis pigmentosa.23

Three commercially available machines which
incorporate some of the above recent imaging
modalities are discussed further.

Optos®

The first and one of the most widely used com-
mercially available ultra-widefield systems is the
Optos noncontact camera. The Optos system uti-
lizes an ellipsoid mirror to produce images with
approximately 200° field of view, providing an
image of more than 80% of the retina in a single
capture.24 The Optos provides various high-
resolution imaging systems with multiple software
options catering to specific requirements. Also
instead of white light, Optos incorporates low
powered laser wavelengths that scan simultan-
eously. This allows viewing of the retinal sub-
structures in their individual laser separations. The
red free view scans the sensory retina up to the
pigment epithelial layer whereas the choroidal
view scans layers from the RPE to the choroid.25

Optos also provides ultra-widefield, high-
resolution angiography, enabling a simultaneous
central and peripheral view of the retina. Thus the
entire retinal vasculature can be imaged during
the dye transit. This is particularly useful in con-
ditions affecting periphery first like retinal vascu-
litis. Recent studies also support the added
advantage of peripheral imaging in diabetic retin-
opathy, vascular occlusion, choroidal mass,
Uveitis, choroidal dystrophies, retinal detachment,
pediatric retinal conditions and many more dis-
orders.26–34 Wessel et al.26 reported that UWFI
visualizes 3.2 times more retinal surface area than
the conventional seven standard fields. Also in
10% of eyes, UWFI diagnosed peripheral retinal
pathology not seen on traditional fundus
imaging.26 Optos has wide range of ultra widefield
devices depending upon the various features it
provides. While the Optos 200Dx and Optos 200C
provides features like color fundus photography,
ophthalmoscopy along with red free and choroidal
imaging, Optos Daytona has the added feature of
FAF. Optos 200Tx goes further with the addition
of FFA and the newly introduced Optos California
includes ICG in addition to the all above-
mentioned features thus making it feasible for
ultrawidefield multimodal imaging.25

Despite its ability to produce dynamic widefield
fundus images, the Optos Optomap® has several
limitations. It requires a skilled technician to
obtain peripheral images. Also unlike traditional
fundus photography, Optos does not allow a

retinal view before taking the image, due to the
ellipsoid mirror used for focusing the confocal
ophthalmoscope. Even though it provides a very
wide field of view, it is still unable to view the
entire retina in one shot and is prone to miss the
anterior retinal findings. The extent of imaging of
the superior and inferior peripheral retina is less
as compared to nasal and temporal periphery.35

Also, there is a significant distortion and
decreased resolution of the extreme temporal and
nasal peripheral retina.29 A method for correcting
this peripheral distortion, when evaluating the
retinal area and making measurements, has been
described.29 Artifacts related to structures anterior
to retina like eyelashes, implanted intraocular
lens, vitreous opacities are known to occur in
Optos causing degradation of the quality and
extent of imaging.36

Spectralis
Heidelberg Spectralis (Fig. 2) has enhanced the
role of fundus imaging by combining the spectral
domain OCT with confocal SLO resulting in
enhanced anatomical details, improved reproduci-
bility and automatic rescan at same site at
follow-up. Simultaneous multimodal imaging
(Fig. 3) with FAF, infrared reflectance, FFA and
ICG is also possible. Previously, the Heidelberg
Spectralis® provided a 25° and 35° field of view of
the retina, with the possibility of a 55° noncontact
lens attachment (HRA). A different model (HRA
+OCT) combines the features of HRA with spectral
domain OCT and EDI OCT, thus providing an effi-
cient tool for multimodal imaging of fundus.
More recently, Heidelberg Engineering
(Heidelberg, Germany) has developed a noncon-
tact ultra-widefield angiography module for the
Spectralis® and Heidelberg Retina Angiograph
(HRA 2) with 105° field of view.37,38 Even though

Figure 4. Spectralis by Heidelberg Engineering
showing simultaneous FFA and ICG (multimodal
imaging).
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the field of view is less when compared to Optos,
on qualitative analysis, the high-contrast, undis-
torted and evenly illuminated images of Spectralis

are found to be better and more informative than
that taken by Optos.24 Also image capturing is
easy in Spectralis because of the use of infrared

Figure 5. Spectralis widefield ICG imaging done by a 150 degree non contact lens system shows a
network of polypoidal vessels (arrow heads) suggestive of IPCV. The late phase of ICG shows
multiple choroidal folds (black arrows) in periphery that could have been missed on a routine ICG.

Figure 6. Multimodal imaging of a patient with Left eye CNVM done on Spectralis. A. FAF shows
presence of hypoautofluorescent centre surrounded by a hyperautofluorescent margins. B. Infrared
reflectance shows an isoautofluorescent centre with hyperautofluorescent margins. C. Late phase of
FFA shows staining at the centre along with leakage at the margins suggestive of active neovascular
membrane which can be appreciated as a distinct, well demarcated membrane on ICG (D). Spectral
domain OCT (E) shows dense subretinal fibrin deposition with irregular RPE Bruch complex. Note
presence of subretinal fluid and cystoid spaces suggestive of activity.
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light for focusing the confocal ophthalmoscope
(instead of ellipsoid mirror as in Optos), one can
view the retina before taking an image.39 In add-
ition, Staurenghi contact lens can be used in con-
junction with the Spectralis® to provide up to 150°
field of view in a single shot.7,39 A recent study
has shown utility of Spectralis in imaging infant
fundus along with FFA to look for any retinal dis-
eases.40 One limitation of Spectralis is that instead
of true color images, pseudo color images are dis-
played, which may not represent the exact clinical
picture.

RetCam
RetCam is an advanced, wide-field digital imaging
system which provides good quality of ophthalmic
visualization and photo documentation with great
ease. It has been found to be an effective tool for
immediate evaluation of pediatric ocular path-
ology. The newer-generation RetCam 3 provides
further high-resolution digital images and can be
shared electronically with an ophthalmologist or a
physician and can be tracked longitudinally over
time. RetCam 3 is equipped with a family of inter-
changeable lenses that provides a wide range of
image options allowing the physician to view both
anterior and posterior ocular pathology.41,42

Retcam-3 has five changeable lenses: 130° (pedi-
atric retina and adult anterior chamber), 120°
(pediatric and young adult), 80°(high contrast
pediatric and adult), 30° (high magnification) and
Portrait (external imaging).43 The major use of
RetCam has been in screening, classification and
follow-up of pediatric conditions like retinopathy
of prematurity (ROP) (Fig. 7), Retinoblastoma
(Fig. 8), Coats disease (Fig. 9) etc. It helps in iden-
tifying the appropriate intraocular group of retino-
blastoma, assessing treatment response, regression
patterns and to detect any recurrence. It also

allows screening of premature infants at risk for
ROP and has been shown to be an invaluable tool
in resident training, parent education and photo
documentation of ROP.44 RetCam 3 can also be
equipped with an optical light source to perform
fluorescein angiography which may be helpful in
differentiating between diseases like Coats and
Retinoblastoma. RetCam has gained great success
as a screening imaging tool in various national
and international tele-ophthalmology projects
such as KIDROP (Karnataka Internet-Assisted
Diagnosis of Retinopathy of Prematurity), and
SUNDROP (Stanford University Network for
Diagnosis of Retinopathy of Prematurity).45,46

RetCam in addition to fundus imaging can also be
used to image and document the angle and other

Figure 7. RETCAM image of Lasered Stage 2
Zone I ROP with plus disease—left eye showing
tortuous vessels at posterior pole. Note presence
of ridge just temporal to macula and lasered
avascular zone anteriorly.

Figure 8. RETCAM image of right eye of a child
showing Intraocular Retinoblastoma undergoing
treatment. Note the active tumour involving
macula with calcification and another regressing
tumour nasally with surrounding chorioretinal
atrophy and central fish flesh appearance.
RETCAM helps in documenting the treatment
response by serial imaging.

Figure 9. RETCAM image of right eye of a young
boy showing bullous exudative retinal
detachment with presence of dense subretinal
exudates and telangiectatic vessels confirming
the diagnosis of Coats disease.
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anterior segment abnormalities like iris nevus,
pigment dispersion/pseudoexfoliation, neovascu-
larization etc.43

Conclusion
Different retinal diseases require different imaging
modalities for better understanding and manage-
ment. The field of fundus imaging is developing
rapidly and several new and exciting technologies
are on the horizon which will cater to the needs of
an ophthalmologist. This will help us in evolving
our understanding of various disease entities thus
helping us in better management of our patients.
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Insight Ophthalmic Photography Competition

Jaydeep Avinash Walinjkar and Mohammadarif Mulla

Ophthalmic photography is an art in itself, with
the skill of the photographer and the camera used
being paramount in capturing the pathology in a
way that the picture conveys the message without
any words. The photographer is however almost
always forgotten once the photograph is taken.

With a vast spectrum of clinical cases, Sankara
Nethralaya prides itself on having a very talented
group of ophthalmic photographers as well as
skilled amateurs. Together they contribute to an
excellent documentation of disease conditions in
all fields of Ophthalmology. This issue of Insight
wishes to recognize their talent by publishing the
results of an in house ophthalmic photography
competition, open to all employees who can click a
photograph (professionals as well as amateurs).

We received entries from 14 participants
including professional ophthalmic photographers
as well as ophthalmologists for six categories.

Category 1: Fundus photography (Single frame or
Montage): including colour, red free and
autofluorescence images
Category 2: Fundus fluorescein angiography
Category 3: Indocyanine angiography

Category 4: Anterior segment slit lamp
photography
Category 5: Ophthalmic Smartphone photography
Category 6: Ophthalmic external photography

Each participant was allowed to send a maximum of
2 entries under each of the six categories. All the
photographs received were compiled and segregated
into their respective categories. They were judged by
three external judges, all known for their interest in
ophthalmic imaging and photography.

Dr Mahesh P Shanmugam, Head, Vitreoretinal
and Ocular Oncology Services, Sankara Eye
Hospitals, Bangalore

Dr Nitin Shetty, Director, The Retina Clinic,
Bangalore

Dr Shobhit Chawla, Medical Director & Chief
Vitreoretinal Surgeon, EYE Q-PNK Super Specialty
Eye Hospitals, Lucknow

Winners were selected under each category.
Each category had 2 winners with the top two
scores (1st prize and 2nd prize). One photograph
with the highest individual score across all the six
categories was chosen for the “Best Photograph”
award.

Category: Fundus Photo

Winner: Mr. Chidambaram K, Sankara Nethralaya, Chennai (employee number: 1100968)
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Second Prize: Mrs. Gouri Das, Sankara Nethralaya, Kolkata (employee number: 1102665 )

Second Prize: Mr. Shankar K, Sankara Nethralaya, Chennai (employee number: 1101881)

Ophthalmic photography
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Category: Fundus Fluorescein Angiography

Winner: Thilak M, Sankara Nethralaya, Chennai (employee number: 1103580)

Second Prize: Mr. Chidambaram K, Sankara Nethralaya, Chennai (employee number: 1100968)

Ophthalmic photography
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Category: Indocyanine Green Angiography

Winner: Mr. Shankar K, Sankara Nethralaya, Chennai (employee number: 1101881)

Second Prize: Hariharan C. S,
Sankara Nethralaya, Chennai
(employee number: 1103478)

Second Prize: Thilak M,
Sankara Nethralaya, Chennai
(Employee number: 1103580)

Ophthalmic photography
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Category: Slitlamp Photography

Winner: Mr. Shankar K, Sankara Nethralaya, Chennai (employee number: 1101881)

Second Prize: Thilak M, Sankara Nethralaya, Chennai (Employee number: 1103580)

Ophthalmic photography
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Category: Smartphone Photography Category: External Photography

Winner: Mr. Stephen D (Employee number:
1101758)

Second prize: Dr Shahid Alam M D (Employee
number: 1101308)

Second prize: Dr. R. Srikanth (Employee number:
1103997)

Winner: Dr Shahid Alam M D (Employee number:
1101308)

Second Prize: Mr. Shankar K,
Sankara Nethralaya, Chennai
(employee number: 1101881)

Ophthalmic photography
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Developing Clinical Empathy:
Enhancing Patients’ Satisfaction

The practice of medicine is an art, not a trade; a calling,  
not a business; a calling in which your heart will be  

exercised equally with your head.

A physician needs a clear head and a kind heart.

Story unfolds…

Many many years ago, a patient underwent a successful scleral buckling surgery; however, he 
developed buckle infection in the immediate postoperative period, leading to panophthalmitis 
and early orbital cellulitis. The eye could not be salvaged and had to be eviscerated as an 
emergency procedure at midnight. 

The patient was relieved off the severe pain and the family went back. 

Around 6 weeks later, the family returned with a gift for the doctor: a pair of trousers and a box 
of sweets with an invitation to visit his home whenever the doctor visits the city of joy, Kolkata! 

The doctor was dumbfounded. 

There he discovered how important the trust between a doctor and a patient is; and these gifts 
items were simply an expression of love and gratitude towards that TRUST.

Meet the living GOD, everyday…

Life is a journey: a journey of everyday learning; and for a doctor, it is a learning from every 
patient. 

This is the kind of learning that text books and medical schools do not include in their 
curriculum, this is a learning that is not taught in residency, this is a learning that is not much 
discussed in scientific forums. 

This is a LEARNING, we as doctors, EXPERIENCE with our patients, who are indeed living GOD, 
as was shared by the late Dr KP Misra, a well-known cardiologist of yesteryears, in one of his 
teachings.

Director, Shri Bhagwan 
Mahavir Vitreoretinal 
Services, Sankara 
Nethralaya

Corresponding author. 
Tarun Sharma, Director, 
Shri Bhagwan Mahavir 
Vitreoretinal Services, 
Sankara Nethralaya.  
Email: drtaruns@gmail.com

Anyone who stops learning is old, whether at twenty or eighty.  
Anyone who keeps learning stays young. 

� — Henry Ford
Life is a journey, not a destination. Each day presents an opportunity for learning.

Tarun Sharma



Developing Clinical EMPATHY 

Well, as we all know that the practice of medicine is an art and a science.

It is much harder to acquire the  
art than the science.

The science aspect we do learn in medical schools and/or during fellowships; but to learn the 
art, we need to develop sensitivity: we need to put ourselves in patients’ shoes. 

Treat the patient, not just the disease; follow the patient-centered approach, and not just the 
disease-centered approach. 

Remember that behind the retina, there is an individual; behind that individual, there is a family; 
behind that family, there is a neighborhood and extended family; behind the extended family, 
there is a network of humans, either physically or digitally and so on. Therefore, a doctor’s 
diagnostic skill to identify the disease or surgical skill to manage the disease is just not suffi-
cient; what is needed is to communicate in layman terms the jargon of his diagnosis, treatment 
options, risks or benefits and so on. For the doctor, this might be a repetition or a routine, but for 
a patient, it is an experience. Even for a disease that has bad prognosis, the way the information 
is shared, the way the patients is educated, the way the body language is used, there is tremen-
dous satisfaction not just for the patient and his family, but to the doctor as well. It is not just 
sharing of the information in a monotonous voice with a stone face or not answering his queries 
or his questions. It is to show an empathy, clinical empathy!

	 It is to show that we are here to help you.
	 It is to show that we do understand their expectations.
	� It is to show that we do not dampen their hope, especially, in those challenging clinical 

settings wherein the outcome is rather extremely guarded. 
	 It is to show that we have answered all their questions.
	� It is to show that we do encourage him to come back or write to us for any query they 

might have. 
	 It is to show that our body language and voice and choice of words all are in unison.

Remember in any kind of communication 
there are 4 components: sender (we, 
the doctor), the message (verbal or 
written), the media (phone, e-mail, oral, 
Skype and so on), and the receiver (the 
patient). Which component is the most 

important? Guess? QUIZ TIME!! 

A: The receiver, the patient



What Vs How:

It is not what you communicate, but how you communicate: with or without that EMPATHY. 

Our skill of clinical empathy would get sharpened as we practice it. 

	 It builds trust.
	 It strengthens one of the strongest doctor-patient relationships.
	 It sustains the great rapport between a doctor and a patient. 
	 It brings back the hope and confidence in their minds.

Below are 10 Maxims that could be followed  
so as to nurture CLINICAL EMPATHY:

1.	� Greet the patient first and try to judge his anxiety toward his ailments or expectation after 
the treatment. 

2.	� Evaluate how much he/she knows about the diagnose or treatment; add to his/her 
knowledge pool.

3.	� Share the treatment options; help a patient make the right choice or decision.

4.	� Use a simple drawing, clinical images or other tests as a tool to reinforce your verbal 
explanation. 

5.	� As you enhance their knowledge of how the normal eye works, their understanding of the 
abnormality will also increase and they would be a great partner in their evaluation and 
treatment. 

6.	� Do not lose your temper, if the same questions are being asked by him or family members 
repeatedly. And always end the consultation with a simple sentence: Is there any other 
question or query you have? 

7.	� Do not blame the ‘other’ doctor for his present condition or his ill fate.

8.	� However, if all goes well: give the credit to him: ‘you are one of the luckiest patients of 
the day who has made such good visual recovery, much more than our expectations: 
Congratulations!  
I am very pleased. God is kind to both of us.’

9.	� Words have power, healing power, use them to your advantage, use them to heal the 
wound and spirit. 

10.	�Do not hesitate to put a hand on the shoulder; and silently make a prayer for his well-being.



Last, but not least: go down memory lane and recall, when you did not know retinal surgery or 
when you were just learning, the patient also did not know about you and your skill but he sur-
rendered himself to you. The learning we got from so many hundreds and thousands of patients 
is that there is no way we can say thank you to them; but now that your hands are stable, you are 
more mature, you can definitely hold those trembling hands.

Many a times we all like to emulate people and their lofty goals; however, only a few achieve them. 
Hence, it is good to know the barriers that hinders clinical empathy. There are three barriers:

	� Time Barriers: need to examine more and more patients; it adds to anxiety and a kind of 
psychological barrier.

	� Considering Empathy, not an important issue: focusing on just science, the treatment and 
surgery, just the disease leaving out the patient as a whole.

	� Negative emotions of physicians: when patients ask many questions or share the views of 
another doctor or not happy with the outcome.

So, enjoy the freedom & journey of learning to imbibe the great skill - CLINICAL EMPATHY - of 
becoming a great doctor.

Studies have shown that number one complaint patients have about their  
doctors is the perception that they simply don’t listen. Therefore, the first step  

towards learning is to become a GOOD Listener.

Did You know that there is as much Wisdom in listening, as there is in speaking?!!

Medicine is a calling, not a business.

A calling which exacts from you, at every turn, self-sacrifice, devotion, love, and 
tenderness to your fellow-men.Once you get down to a purely business level, your  

influence is gone and the true light of your life is dimmed. The physician’s work is not,  
and must not, always be financially rewarding.

REMEMBER: Work is our worship which we must do with three attributes:  
Sincerity, Dedication and utmost Love.
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Shri Bhagwan Mahavir Vitreoretinal Services

Sankara Nethralaya

Standing (Left to right): Dr. Vinata Muralidharan, Dr. Debamalya Das, Dr. Eesh Nigam, Dr. Mohammadarif Mulla, 
Dr. Vadivelu Jaya Prakash, Dr. Pukhraj Rishi, Dr. Pramod Bhende, Dr. Jaydeep Avinash Walinjkar, Dr. Rajesh P, 
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Dr. Pradeep Susvar, Dr. Tarun Sharma, Dr. Sukanya A, Dr. Suganeswari G, Dr. Veena Bhaskaran, 
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