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Preface

The specialty of ophthalmology has developed by leaps and bounds in the
recent past. Excellent comprehensive books are being brought out at
regular intervals, which helps an ophthalmologist to keep abreast with
times. In my 15 years experience as a residency director, | have often
found the need for a concise, examination oriented ready-reckoner, which
would be of use to the postgraduates to answer specifically to the point.
This book aims to fill this gap and serves as a compilation of the frequently
asked questions (FAQs) and the answers expected in a postgraduate
clinical ophthalmology examination. This book should not be misconstrued
as a replacement to the existing standard textbooks. These questions
have been painstakingly gathered over a 10-year period from the collective
experience of several senior teachers at Aravind Eye Hospital, Madurai,
Tamil Nadu, India. Apart from the exam-oriented questions, this book also
contains examples of case sheet writing and different management
scenarios, which will help the students to logically analyze and answer in
a coherent manner. | do sincerely hope that this book helps the postgraduate
to face his/her examination with confidence.

N Venkatesh Prajna
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Introduction

CHAPTER

1.1. VISUAL ACUITY

1. Define visual acuity.

Visual acuity is defined as the reciprocal of the minimum resolvable angle
measured in minutes of arc for a standard test pattern.

2. Define visual angle.

It is the angle subtended at the nodal point of the eye by the physical
dimensions of an object in the visual field.

3. What are the components of visual acuity?

Visual acuity has three components.
i. Minimum visible: Detection of presence or absence of stimulus.
i. Minimum separable: Judgment of location of a visual target relative
to another element of the same target.
iii. Minimum resolvable: Ability to distinguish between more than one
identifying feature in a visible target. Threshold is between 30 sec
and 1 minute of arc.

4. What are the components of measurement of vision?

i. Visual acuity

ii. Field of vision

ii. Color vision and

v. Binocular single vision.

5. Who developed classic test chart?
Professor Hermann Snellen in 1863.

6. What is the testing distance? Why do we check at that distance?

The testing is done 6 m (20 ft) away from the target. At this distance,
divergence of rays that enters the pupil is so small that rays are considered
parallel. Hence, accommodation is eliminated at this distance.
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7. Describe about the Snellen’s chart.
The letters are:

It consists of series of black capital letters on a white board arranged
in lines, each progressively diminishing in size.

Lines comprising letters have such a breadth that they will subtend
at an angle of 1 minute at the nodal point of the eye at a particular
distance.

iii. Each letter is designed such that it fits in a square.
iv. The sides of the letter are 5 times the breadth of constituent lines.
. At given distance, each letter subtends at an angle of 5 minutes at

the nodal point of the eye.

8. What does normal 6/6 visual acuity represent?

It represents the ability to see 1 min of arc which is close to theoretical
diffraction limits.

9. Explain LogMAR charts.

iii.
iv.

Used for academic and research purposes.

This is a modification of Snellen’s chart, where each subsequent line
differs by 0.1 log unit in the minimum angle of resolution (MAR)
required for that line.

They have equal number of letters in each line.

Used at a distance of 4 meters.

10. What is the procedure of testing visual acuity (VA) using Snellen’s
chart?

Vi.

Vii.

viii.

Patient is seated at a distance of 6 m from the Snellen’s chart
because at this distance the rays of light are practically parallel and
patient exerts minimal accommodation.

ii. Chart should be properly illuminated (not less than 20 foot candle).
iii. Patient is asked to read with each eye separately.
. Visual acuity is recorded as a fraction.

— Numerator: Distance of the patient from the chart.
— Denominator: Smallest letters read accurately.

. When the patient is able to read upto 6 m line, the VA is recorded

as 6/6 — Normal.

Depending on the smallest line patient can read from distance of 6m
VA is recorded as 6/9, 6/12, 6/18, 6/24, 6/36 and 6/60.

If the patient cannot see the top line from 6 m, he/she is asked to
walk towards the chart till one can read the topline.

Depending on the distance at which patient can read the topline, the
VA is recorded as 5/60, 4/60, 3/60, 2/60 and 1/60.

ix. Finger counting:

If patient is unable to read topline even from 1 m, he/she is asked
to count fingers (CF) of the examiner, the VA is recorded as CF-3’,
CF-2’, CF-1’ or CF close to face depending on the distance (in
meters) at which the patient is able to count fingers.
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x. Hand movements (HM):
When the patient fails to count fingers, the examiner moves his/her
hand close to patient’s face. If the patient can appreciate the hand
movements, the VA is recorded as HM positive.

xi. Perception of light (PL):
When the patient cannot distinguish HM, examiner notes if the patient
can perceive light or not. If the patient can perceive light, then it is
recorded as PL+ and if the patient cannot perceive light, then it is
recorded as P.

xii. Projection of rays (PR):
If PL is +ve, then PR should be checked by shining light in all 4
directions and patient is asked whether he/she is able to recognize the
direction of light rays that is shown and is recorded in all 4 quadrants.

11. How is a decimal notation represented?

It converts Snellen fraction to a decimal.
For example: Snellen 20/20—decimal 1.0
Snellen 20/30—decimal 0.7
Snellen 20/40—decimal 0.5

12. How is near vision tested?

i. Near acuity testing demonstrates the ability of a patient to see
clearly at a normal reading distance.
ii. Testis usually performed at 40 cm (16") with a printed, handheld chart.
iii. The following charts are used:
— Jaeger’s chart
— Roman test types
— Snellen’s near vision test types

13. Explain Jaeger’s chart.

i. Jaeger, devised it in 1867.

ii. It consisted of ordinary printed fonts of varying sizes used at that
time. Various sizes of modern fonts that approximate the original
chart is used.

ii. In this chart, prints area marked from 1 to 7 and accordingly patient’'s
acuity is labeled as J1 to J7, depending upon the print one can read.

14. What is Landolt’s testing chart?

i. Itis similar to Snellen’s chart, except instead of letter, broken circles
are used.

ii. Each broken ring subtends an angle of 5 min at the nodal point.

iii. It consists of detection of orientation of the break in the circle.

15. What is Vernier acuity?

i. It is the smallest offset of a line which can be detected.

i. It is measured using a square wave grating.

ii. Offset of 3-5 sec of an arc is normally discernible.

iv. lItis less than limit of Snellen VA and is therefore called as hyperacuity.
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16. What are potential acuity testing?

These tests are used to assess the visual acuity of eyes in which it is
not possible to see the macula because of cataract.
i. Pinhole test
ii. Bluefield entopic phenomena: Ability to see moving white dots when
blue light diffusely illuminates the retina. It represents light transmitted
by WBCs in the perifoveal capillaries.
ii. Interferometers: It projects laser light from two sources on to the
retina. Interference occurs when two sources meet. It is seen as
Sine wave Grating if macula is functioning.

17. What are Roman test types?

i. Devised by the Faculty of ophthalmologist of Great Britain in 1952.
ii. It consists of “Times Roman” type fonts with standard spacing.
iii. Near vision is recorded as N5, N6, N8, N10, N12, N18, N36, and N48.

18. Explain Snellen’s near vision test types.

i. Snellen’s equivalent for near vision was devised on the same principle
as distant types.
ii. Graded thickness of letters of different lines is about 1/17th of distant
vision chart letters.
iii. Letters equivalent to 6/6 line subtend an angle of 5 min at an average
reading distance (35 cm/14").

19. What is the procedure of testing near vision?

i. Patient is seated in a chair and asked to read the near vision chart
kept at a distance of 25-35 cm with a good illumination thrown over
his or her left shoulder.

ii. Each eye should be tested separately.

iii. Near vision is recorded as the smallest type that can be read
completely by the patient.

iv. A note of approximate distance at which the near vision chart is held
should be made.

v. Thus, near vision is recorded as:

NV = J1 at 30 cm (in Jaeger’s notation)
NV = N5 at 30 cm (in Faulty’s notation)

Feet Meters LogMAR
20/20 6/6 0.00
20/30 6/9 0.18
20/40 6/12 0.30
20/60 6/18 0.48
20/80 6/24 0.60
20/120 6/36 0.80
20/200 6/60 1.00
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20. What is the principle of pinhole?

Pinhole admits only central rays of light, which do not require refraction
by the cornea or the lens. Patient can resolve finer detail on the acuity
chart in this way, without use of glasses.

21. What do we infer from pinhole testing?

i. If the pinhole improves VA by 2 lines or more, then there is more
likely a chance of refractive error. If the pinhole does not improve
vision, then other organic causes should be looked for.

22. What are the types of pinhole?

i. Single — no more than 2.4 mm in diameter is used
ii. Multiple — central opening surrounded by 2 rings of small perforation.

23. How is the pinhole testing performed?

i. Position the patient and occlude the eye not being tested.

ii. Ask the patient to hold the pinhole occluder in front of the eye that is
to be tested. The habitual correction should be worn for the test.

iii. Instruct the patient to look at the distance chart through the single
pinhole.
Instruct the patient to use little hand or eye movements to align the
pinhole to resolve sharpest image on the chart.

iv. Ask the patient to begin to read the line with the smallest letters that
are legible as determined on the previous vision test without the use
of pinhole.

24. What are the variables used in visual acuity measurements?

The conditions that may cause variability in acuity measurements for both
near and distance are:

External variables:
i. If lighting level is not constant during testing
ii. Variability in contrast: Charts with higher contrast will be seen more
easily than those with lower contrast
iii. If chart is not kept clean, smaller letters will become more difficult
to identify
iv. When projector chart is used, cleanliness of projector bulb and lens
and condition of projecting screen will affect the contrast of letters
viewed
v. The distance between projector and chart will affect size of letters
vi. Sharpness of focus of projected chart
vii. Incidental glare on the screen.

Optical considerations:

i. If patient is wearing eye glasses, be sure the lenses are clean. Dirty
lenses of any kind, whether trial lenses or contact lenses will decrease
visual acuity.

ii. Effects of tear film abnormalities, such as dry eye syndromes can
be minimized by generous use of artificial tear preparation.
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iv.

Corneal surface abnormalities produce distortions and must be
addressed medically.

Corneal or lenticular astigmatism may necessitate use of special
spectacle or contact lens.

Neurologic impairments:

Motility defects such as nystagmus or any other movement disorder
which interferes with the ability to align the fovea will lower the acuity
measurement.

ii. Visual field defects
. Optic nerve lesions

Pupil abnormalities
Impairment by drugs, legal or illicit.

25. What are the causes of poor near acuity than distance acuity?

i

ii.
iii.
iv.
V.
Vi.
Vii.
viii.
iX.

Presbyopia/premature presbyopia
Undercorrected/high hyperopia
Overcorrected myopia

Small, centrally located cataracts
Accommodative effort syndrome
Drugs with anticholinergic effect
Convergence insufficiency

Adie’s pupil

Malingering/hysteria.

26. How to test the vision in infants?

iv.

Vi.

Blink response—In response to sound, bright light/touching the cornea
Pupillary reflex—After 29th week of gestation

Fixation reflex—Usually present at birth. It is well developed and well
elicited by 2 weeks to 2 months

Follow movements—Following horizontally moving targets. It is seen
in full term newborn and is well developed by first month. Vertical
tracking is elicited by 4—8 weeks.

. Catford drum test:

— It is based on the observation of pendular eye movement that is
elicited as the child follows an oscillating drum with dots.

— Test distance: 60 cm (2 ft)

— Displayed dot size: 15-0.5 mm

— Dot represent 20/600 to 20/20 vision.

— Smallest dot that evokes pendular eye movement denotes acuity

— Disadvantage: overestimate of vision by 2—4 times. It is unreliable
for amblyopia screening.

Preferential looking tests (PLT):

— The Principle is based on the behavioral pattern of an infant to
prefer to fixate a pattern stimulus rather than a blank stimulus
both being of the same brightness.
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vii. Teller acuity card test:

It is a modification based on PLT designed for a simpler and
rapid testing.
It has 17 cards, each of 25.5 x 51 cm.15 of these contain 12.5
x 12.5 cm patches of square wave gratings.
Cycle consists of 1 black and 1 white stripe and an octave is
halving or doubling of spatial frequency.
Testing distance: Infants upto 6 months of age — 38 cm.

7 months to 3 yr of age — 55 cm

Later — 84 cm
Advantage: Very useful quick test for infants and preschool children
upto 18 months.
Disadvantage: It tests near acuity, not distance acuity. It measures
resolution acuity not recognition acuity. It overestimates VA.

viii. OKNOVIS:

Principle: Based on the principle of arresting an elicited optokinetic
nystagmus by introducing optotypes of different sizes.
Portable hand held drums moving at 12 rpm with colored pictures
to elicit an optokinetic nystagmus.

Testing distance: 60 cm

Optotypes of different sizes are then introduced to arrest OKN.

ix. Cardiff acuity cards:

Principle: Based on the principle of preferential fixation on cards
which have picture optotype and a blank located vertically.
Child identifies picture by verbalizing, pointing or fixation
preference.

x. Visually evoked response (VEP):

It records the change in the cortical electrical pattern detected by
surface electrodes monitoring the occipital cortex following light
stimulation of the retina.

Two types of stimuli:

Pattern—Checker board or stripes

Flash—Unpatterned.

Preferred is pattern reversal type.

Can be recorded in two modes: Transient or steady state.

27. How do you infer visual acuity from fixation pattern?

Fixation pattern Visual acuity
Gross eccentric fixation <CF1m
Unsteady central fixation <6/60
Steady central fixation but not maintained 6/60-6/36
Central steady fixation, can maintain but prefers other eye | 6/24-6/9
Central steady fixation, free alternation or cross fixation 6/9-6/6

To call it as good fixation, it should be central, steady, and maintained.
Preference of fixation in one eye denotes that poor vision in non-fixating eye.
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28. How is vision tested in infants aged about 1-2 years?

= Boeck candy test (Cake decoration test):
— Initially child’s hand is guided to the bead and then to his mouth
— Each eye is alternatively covered and the difference is noted.
= Worth’s ivory ball test:
— lvory balls 0.5" to 1.5" of diameter are rolled on the floor in front of
the child
— Asked to retrieve each
— Acuity is estimated on the basis of the smallest size for the test
distance.
= Sheridan’s ball test:
— These are Styrofoam balls of different sizes rolled in front of the
child
— Quality of fixation for each size is assessed
— Same can be used as mounted balls used at 10 ft distance against
black screen. Fixation behavior for each ball is observed by the
examiner hidden behind the screen.

29. How is vision tested in children of around 3 years of age?

= Miniature toy test:
— A component of STYCAR test
— Pair of miniature toys are used
— Test distance is 10 ft
— Child is asked to name or pick the pair from an assortment.
s Coin test:
— Coins of different sizes at different distances are shown
— Child is asked to distinguish between the two faces of the coin.
= Dot VA test:
— In a darkened room, the child is shown an illuminated box with
printed black dots of different diameters.
— Then, smaller dots are shown
— Smallest dot identified correctly twice is taken as acuity threshold.

30. How is vision tested in children aged 3-5 years?

= Vision test using pictures, symbols or even letters become applicable
in this age group
= Training by mother at home is helpful
— llliterate E-cutout test
— Tumbling E test
— Isolated hand figure test
— Sheridan-Gardiner test
— Lipmann’s HOTYV test
— Pictorial vision test
— Broken wheel test
— Boek Candy bead test
— Light home picture cards
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» llliterate E-cutout test:
— Child is given a cutout of an E and asked to match this with isolated
E’s of varying sizes
— When child starts understanding orientation of E, VA chart consisting
of E’s oriented in various directions are used.
= Tumbling E test:
Preferred for mass screening in preschool children
Consists of different sizes of E, in one of the four positions—right,
left, up or down.
Distance: 6 m
— Each eye is tested separately.
= Landolt’s C: Similar to the E test
= Sheridan’s letter test:
Uses 5 letters H,O,T,V and X in 5 letter set
A and V are added in 7 letter set
C and L are also added in 9 letter set
Testing distance is 10 ft (3 m)
Child is expected to name the letters/indicate similar letter on the
card in hand
= Lippman’s HOTV test:
— Uses only 4 letters H,O,T,V at test distance of 3 m
— Simpler version of Sheridan test

31. What is hyperacuity?

The human eye is capable of seeing more than the ability of the retinal
cones to resolve. This ability is called hyperacuity. It is due to the
involvement of higher cortical centers in the parietal cortex, for example:
= Vernier acuity
= Stereo acuity

Vernier acuity:
This is the ability to discern the Vernier separation between two lines not
in perfect alignment. It is in the range of 10—-20 sec of an arc.

Stereoacuity:
This is the ability to perceive a separation in the three-dimension (3D)
depth perception.

32. What is Stiles-Crawford effect?

Stiles and Crawford have shown that pencils of light entering the eye
obliquely are less effective as stimuli, compared to those entering the
pupil centrally. They pointed out that this effect is not due to aberrations
in the optical system but is most likely related to the orientation of the
receptors in the retina .This directional sensitivity of the retina is referred
to as the Stiles-Crawford effect.



m ARAVIND FAQs IN OPHTHALMOLOGY

1.2. COLOR VISION

1. How will you test color vision by Ishihara chart?

i. Room should be adequately lit by daylight

ii. Nature of the test should be explained to the patient
iii. Full refractive correction is worn
iv. It is preferable to do the test before pupillary dilatation

v. One eye is first occluded and the other eye is tested

vi. The plates are kept at a distance of 75 cm from the subject with the

plane of the paper at right angle to the line of vision.

vii. The standard time taken to answer each plate is 3—5 seconds.

2. Explain about Ishihara chart.

i. Designed to provide a test which gives a quick and accurate
assessment of color vision deficiency of congenital origin

ii. It consists of a total of 25 plates.

Plate Normal | Points with red- Inference

number green defects
1 12 12 Both subjects with normal and
2 8 3 defective color vision read plate
3 6 5 1 as 12.
4 29 17
5 57 35 Subjects with red-green defects
6 5 2 read these plates as those in
7 3 5 abnormal column. Totally color
8 15 17 blind are unable to read.
9 74 21
10 2 X Majority of subjects with color
11 6 X vision deficiency read these plates
12 97 X incorrectly.
13 45 X
14 5 X Subjects with normal color vision
15 7 X do not see any number. Those with
16 16 X red green deficiency read the
17 73 X numbers given in the abnormal
18 X 5 column.
19 X 2
20 X 45 Subjects with protanopia read
21 X 73 these plates as given in abnormal

Protan Deutran | column(1), those with deutrano-

22 26 6 2 maly read them as given in column
23 42 2 4 (2).
24 35 5 3
25 96 6 9
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3. Classify color blindness.
a. Congenital

b. Acquired
a. Congenital color blindness:

X-linked recessive inherited affecting predominantly males

Types:
i. Dyschromatopsia:

Anamalous trichromatic color vision:

— Protanomalous: Defective red color appreciation

— Deutranomalous: Defective green color appreciation
— Tritanomalous: Defective blue color appreciation

ii. Dichromatic color vision:

— Protanopia: Complete red color defect
— Deutranopia: Complete green color defect
— Tritanopia: Complete blue color defect

iii. Achromatopsia:

— Cone monochromatism — presence of only one primary color

— Rod monochromatism

b. Acquired color defects

i. Type | red green defects—similar to protan defects
Seen in progressive cone dystrophies

— Stargardt’s disease
— Chloroquine toxicity

i. Type Il Red Green Defects—similar to deutran defects
Seen in optic neuropathies, Leber’s optic atrophy, ethambutol toxicity

iii. Type Il Tritan defects

Seen in progressive rod dystrophies, peripheral retinal lesions, macular

edema

4. What are the difference between congenital and acquired color

blindness?

Congenital

Acquired

Present at birth

Present after birth (3 months)

Type and severity constant

Can change with time

Type of deficiency can be
diagnosed precisely

Can show combined color vision
deficiency features

Both eyes are equally affected

Very rarely both eyes are equally
affected

Visual fields and visual acuity are
usually normal

Commonly there is a reduced visual
acuity with field changes

Predominantly are red green defects

Most commonly are tritan defects

Higher incidence in male population

Equal incidence in both sexes

5. What are the theories of color vision?

a. Trichromatic theory of Young and Helmholtz:
It postulates the existence of 3 types of cones, each with a different
photopigment maximally sensitive to either red, green or blue. The
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sensation of any given color is determined by relative frequency in
pulse from each of the cone systems.

b. Opponent color theory of Hering
It states that some colors appear to be mutually exclusive, for example,
reddish green.

. Mention the genes associated with color vision defects

Gene for rhodopsin—chromosome 3
Gene for red and green cones — ‘q’ arm of X chromosome
Gene for blue cone—chromosome 7.

7. Explain about the neurophysiology of color vision.

Genesis of visual signals in photoreceptors:

Photochemical changes in cone pigments followed by a cascade of
biochemical changes produce visual signal in the form of cone receptor
potential.

. Processing and transmission of color vision signals:

The action potential generated in photoreceptors is transmitted by
electrical induction to other cells of retina across the synapses if
photoreceptors, bipolar cells and horizontal cells and then across
synapses of bipolar cells, ganglion cells and amacrine cells.
Processing of color signals on lateral geniculate body (LGB):
All LGB neurons carry information from more than one cone cell.
Color information carried by ganglion cells is relayed to parvocellular
portion of LGB.
Spectrally non opponent cells (30%) give same type of response to
any monochromatic light.
Spectrally opponent cells (60%) are excited by some wavelengths
and inhibited by others.
Four types:
1. Cells with red/green antagonism

i. +R/-G

i. +G/-R
2. Cells with yellow/blue antagonism

i. +B/-Y

i. +Y/-B

iv. Analysis of color signals in visual cortex

Color information from parvocellular portion of LGB is relayed to layer
IVc of striate cortex in area 17. From here it passes to blobs in
Layers Il and Ill. It is relayed to thin strips in usual association area
and then to lingual and fusiform gyri of occipital lobe (specialized
area concerned with color).

8. What are the tests for color vision apart from Ishihara chart?

Hardy-Rand-Ritter
— It is also a pseudo isochromatic chart test. Useful to identify
protan, deutran and tritan defects. It consists of 24 plates with
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vanishing designs containing geometric shapes. 4 plates are
introductory plates, 6 are for screening (4 for protan and deutran,
2 for tritan), 10 are for grading severity of protan and deutran
defect and last 4 are for grading tritan defect.

ii. The Lantern test: The subject has to name the various colors shown
to him using a lantern. He is judged based on this.

— There are 3 types: Edrige Green, Holmes Wright Types A and B.

iii. Farnsworth Munsell 100 hue test is a spectrographic test where
colored chips are arranged in ascending order.

iv. City University color vision test is also spectrographic test where the
central colored plate is matched to its closest hue from 4 surrounding
color plates.

v. Nagels Anomaloscope test: The observer is asked to mix red and
green colors in a proportion to match the given yellow color hue. It
detects red-green deficiency.

vi. Holmgren’s wool test: The subject is asked to make a series of color
matches from a selection of colored wools.

9. What are the causes of acquired blue-yellow defects?

Glaucoma, retinal detachment, pigmentary degeneration of retina, ARMD,
vascular occlusions, diabetic, hypertensive retinopathy, pappiloedema,
central serous retinopathy, chorioretinitis.

10. What are the causes of acquired red-green defects?

Optic neuritis, toxic amblyopia, Leber’s optic neuropathy, Best’s disease,
optic nerve lesions, pappilitis, Stargardt’s disease.
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1.3. ANATOMICAL LANDMARKS IN EYE

CORNEA
1. Dimensions of cornea
Horizontal diameter — 11.75 mm
Vertical diameter — 11 mm
Posterior diameter — 11.5 mm
2. Endothelial cell count
At birth — 6000 cells/mm?
In young adults — 2400-3000 cells/mm?
Corneal decompensation — cell count less than 500/mm?
3. Thickness of cornea
Centre — about 0.52 mm
Periphery — about 0.67 mm
. Refractive index of cornea — 1.37
5. Surgical limbus — 2 mm wide
Anterior limbal border — overlies termination of Bowman’s membrane.
Mid limbal line — overlies termination of Schwalbe’s line.
Posterior limbal border — overlies sclera spur
Preferred site for incision — mid limbal incision.

SCLERA

1. Forms posterior five-sixth of eye ball.

2. Thickness
Posteriorly — thickest 1 mm
Thinnest at insertion of extraocular muscles — 0.3 mm

3. Vortex vein — passes through middle apertures 4—7 mm posterior to
equator.

UVEA
1. Average diameter of iris — 12 mm
Average thickness — 0.5 mm
Thinnest part of iris — at the root
Pupil diameter — 3-4 mm
Pars plicata — 2 to 2.5 mm wide.
Parsplana — 5 mm wide temporally and 3 mm wide nasally
Ciliary processes 70-80 in number
Short posterior ciliary arteries — from ophthalmic artery, 10-20 branches
Long posterior ciliary arteries — 2 in number
10. Anterior ciliary arteries — 7 in number

AQUEOUS HUMOR

1. Ciliary body — site of aqueous production.

2. Posterior chamber — 0.06 ml of aqueous.

3. Anterior chamber — 0.25 ml of aqueous

4. Depth of anterior chamber — 3 mm in the center.

N
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LENS

1.

3.
4.
5.

Diameter of lens
— 6.5 mm at birth
— 9-10 mm in second decade

. Thickness of lens

— 3.5 mm at birth

— 5 mm at extreme age

Weight of lens — 135-255 mg

Refractive index — 1.39

Lens capsule thicker anteriorly than posteriorly.

VITREOUS HUMOR

1.
2.
3.

4.

Weight — 4 g

Volume — 4 cc, 99% water

Anterior hyloid membrane starts from approximately 1.5 mm from ora
serrata.

Vitreous base — 4 mm wide, 1.5 to 2 mm area of pars plana anteriorly
and 2 mm of adjoining peripheral retina posterior to ora serrata.

RETINA

1. Retinal surface area — 266 mm?
2. Macula lutea — 5.5 mm in diameter
3. Fovea centralis
— 1.85 mm in diameter
— 5 degree of visual field
4. Foveola
— 0.35 mm in diameter
— Situated 3 mm from temporal edge of optic disk to 1 mm below
horizontal meridian
Parafoveal area — 0.5 mm in diameter.
Perifoveal area — 1.5 mm in diameter.
Ora serrata — 2.1 mm wide temporally and 0.7-0.8 mm wide nasally.
Number of rods about — 120 million
Number of cones — 6.5 million

© N O
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10. Highest density of cones at fovea — 199000 cones/mm?
11. Each rod — 40-60 pm long.

12. Each cone — 40-80 pm long.

13. Foveal avascular zone — 500 pm in diameter.

14. Optic disk — 1.5 mm in diameter

15. Length of optic nerve — 47-50 mm

Intraocular — 1 mm
Intraorbital — 30 mm
Intracanalicular — 6—9 mm
Intracranial — 10 mm
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EXTRAOCULAR MUSCLES
1. Six extraocular muscles—4 recti and 2 oblique.
2. Origin of recti — common tendinous ring (from the limbus) attached at
the apex of orbit.
3. Insertion of recti:
Medial rectus—5.5 mm
Inferior rectus—6.5 mm
Lateral rectus—6.9 mm
Superior rectus—7.7 mm
4. Superior oblique muscle — longest and thinnest of all extraocular muscles.
— 59.5 mm long
— Arises from body of sphenoid
— Inserted on to the upper and outer part of sclera behind the equator.
5. Inferior oblique muscle—shortest of eye muscles.
— 37 mm long
— Arises from orbital plate of maxilla
— Inserted in the lower and outer part of sclera behind the equator.

LACRIMAL APPARATUS

1. Lacrimal gland situated in lacrimal fossa formed by orbital plate of
frontal bone.

2. Lateral horn of levator muscle aponeurosis divides the gland in two
parts.

3. Upper and lower lacrimal puncta lie about 6 mm and 6.5 mm lateral
canthus, respectively.

4. Canaliculi
— 0.5 mm in diameter
— 10 mm in length, vertical 2 mm and horizontal 8 mm

5. Lacrimal sac lies in lacrimal fossa formed by lacrimal bone and frontal

process of maxilla.

. Lacrimal sac is 15 mm in length and 5—6 mm in breadth.

7. Volume of sac — 20 cmm.

8. Nasolacrimal duct opens in - inferior meatus of nose
— 18 mm in length (12—24 mm)
— Intaosseus part 12.5 mm and intrameatal part 5.5 mm
— 3 mm in diameter

EYELIDS
1. Upper eyelid — covers one sixth of cornea.
2. Lower eyelid — just touches the cornea.
3. Palpaberal fissure — horizontally 28—30 mm and vertically 9—11 mm.
4. Levator palpebrae superioris —
— Origin from lesser wing of sphenoid above annulus of Zinn.
— Inserts on to septa between orbicularis muscle, pretarsal skin of
eyelid, anterior surface of tarsus.

o
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5. Length of LPS — Fleshy part 40 mm long.
— Tendinous aponeurosis 15 mm long.
6. Tarsal plates — 29 mm long, 1 mm thick

ORBIT

. Lateral wall of each orbit lies at an angle of 45° to the medial wall.

. Lateral wall of two orbits are 90° to each other.

. Depth of orbit—42 mm along medial wall, 50 mm along lateral wall.

. Base of orbit—40 mm in width, 35 mm in height.

. Volume of orbit—29 ml

. Ratio between volume of orbit and eyeball is 4.5:1

. Optic canal—length 6—11 mm, lateral wall shortest and medial wall
longest.

NO O~ WD =
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1.4. PHARMACOLOGY

ANTI-INFECTIVES DOSAGE

ANTIBIOTICS

TOPICAL
Cefazolin
Ceftriaxone
Penicillin
Ticarcillin
Ciprofloxacin
Ofloxacin
Moxifloxacin
Gatifloxacin
Polymyxin B
Vancomycin
Tobramycin
Gentamicin
Amikacin
Chloramphenicol

FORTIFIED TOPICAL
Cefazolin
Ceftriaxone
Cefamandole
Penicillin
Methicillin
Ampicillin
Moxalactam
Carbenicillin
Ticarcillin
Bacitracin
Polymyxin
Vancomycin
Gentamicin
Tobramycin
Amikacin
Chloramphenicol

SUBCONJUNCTIVAL
Cefazolin

Ceftriaxone

Penicillin

Polymyxin B
Vancomycin
Tobramycin

5%

10%

1,00,000 units/ml
0.6%

0.3%

0.3%

0.5%

0.3%

50,000 units/ml
2.5-5%

1-1.4%
0.3-1.4%
1-2.5%

0.5%

50 mg/ml or 133 mg/ml
50 mg/ml

50 mg/ml

1,00,000 units/ml

50 mg/ml

50 mg/ml

50 mg/ml

4 mg/ml

6 mg/ml

10,000 units/ml
50,000 units/ml

50 mg/ml or 25 mg/ml
14 mg/ml or 20 mg/ml
14 mg/ml

10 mg/ml

5 mg/ml

100 mg

100 mg

0.5 million units
10-25 mg

25 mg

20-40 mg
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Gentamicin - 2040 mg
Amikacin - 25-50mg
Chloramphenicol - 100 mg
INTRAVITREAL
Cefazolin - 2.25 mg/0.1ml
Ceftriaxone - 3mg
Penicillin - 1000-5000/unit
Ciprofloxacin - 0.1 mg
Ofloxacin - 0.1mg
Vancomycin - 1 mg/0.1 mi
Tobramycin - 0.2 mg/0.1 ml
Gentamicin - 0.1 mg/0.1 ml
Amikacin - 0.2-0.4 mg/0.08 mi

INTRAVITREAL INJECTION
VANCOMYCIN (1 mg in 0.1 ml)

CEFAZOLIN (2.25 mg in 0.1 ml)

500 mg powder — Add 10 ml of Ringer lactate (RL) —50 mg/ml
2 ml of above — add 8 ml of RL
Take 0.1 ml of above for injection

—10 mg/ml
—1mgin0.1 ml

— 500 mg powder — Add 10 ml of RL —50 mg/mi
— 1 ml of above and add 1.2 ml of RL —22.7 mg/ml
— Take 0.1 ml of above 2.27 mg
CEFTAZIDIME (2.25 mg in 0.1 ml)

— 500 mg powder — Add 10 ml of RL —50 mg/mi
— Take 1 ml of above and add 1.2 ml of RL —22.7 mg/ml
— Take 0.1 ml of above —22.7 mg

AMIKACIN (0.4 mg in 0.1 ml)
use 100 mg vials Take 0.8 ml of drug (40 mg)
add 9.2 ml of RL (40 mg in 10 ml)

— Take 0.1 ml 0.4 mg in 0.1 ml
AMPHOTERICIN B (0.005-0.01 mg)
— 50 mg vial Add 10 ml of water (5 mg/ml)

take 1 ml of above  Add 10 ml of water (0.5 mg/ml)
take 1 ml of above  Add 10 ml of water (0.1 mg/ml)
Inject 0.1 ml of above (0.01 mg/ml)

ANTIFUNGAL

Amphotericin B - 1-10 mg/ml drops, 2.5% ointment
Natamycin - 5% suspension

Miconazole - 1% drops, 2% ointment
Ketoconazole - 1.5%

Fluconazole - 0.22%

Flucytosine - 1%
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ANTIVIRAL

5-iodo-2-deoxyuridine - 0.1% drops, 0.5% ointment
Trifluorothymidine - 1% drops

Adenine arabinoside - 3% E/o

Acyclovir - 3% E/o

ANTI-INFLAMMATORY DRUGS

Nonsteroidal anti-inflammatory drugs

A. Topical

Generic name Concentration (%) | Normal dosage
1. | Ketorolac tromethamine 0.5% qid
2. | Flurbiprofen 0.03% tid to qid
3. | Diclofenac sodium 0.1% qid
4. | Indomethacin 1% 4 to 6 times/day
5. | Suprofen 1% gid

B. Systemic

1. [Aspirin 300-600 mg bd,tds,qid
2. | Acetaminophen 325 mg, 500 mg bd,tds,qid
3. |Phenylbutazone 100 mg tds to qid
4. | Oxyphenbutazone 100 mg tds to qid
5. | Indomethacin 50 mg tds
6. |Diclofenac sodium 25 mg, 50 mg bd,tds,qid
7. |lbuprofen 300-800 mg tds,qid
8. | Ketoprofen 25 mg, 50 mg, 75 mg tds,qid
9. |[Flurbiprofen 500 mg bd,tds
10. | Naproxen 250 mg, 500 mg bd,tds,qid
11. | Etodolac 200 mg, 300 mg bd,tds,qid
12. | Ketorolac tromethamine 10 mg qid

Il. Corticosteroids

A. Topical
Generic hame Concentration (%)
1. | Prednisolone acetate suspension 1%
2. | Prednisolone sodium phosphate solution 1%
3. | Fluorometholone suspension & ointment 0.1%

Contd...
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Contd...
Generic name Concentration (%)
4. | Dexamethasone phosphate solution 0.1%
5. | Dexamethasone phosphate ointment 0.05%
6. | Hydrocortisone acetate suspension 0.5%
7. | Hydrocortisone acetate solution 0.2%
8. | Hydrocortisone acetate ointment 1.5%
9. | Betamethasone sodium phosphate solution 0.1%
10.| Betamethasone sodium phosphate ointment 0.1%
11.| Loteprednol etabonate 0.5% or 0.2%
12.| Rimexalone 1%
13.| Medrysone 1%
B. Periocular
1. | Methylprenisolone acetate (Depo-Medrol) Depot preparation
2. | Triamcinolone acetonide (Kenalog) Depot preparation
3. | Triamcinolone diacetate (Aristocort) Depot preparation
4. | Hydrocortisone sodium succinate (Solu-cortef) Solution
5. | Betamethasone (Celestone) Solution
C. Intraocular
1. | Triamcinolone acetonide 4 mg in 0.1 ml
2. | Flucinolone acetonide Slow release implants
3. | Dexamethasone Slow release implants
D. Systemic
i. Oral
| 1. | Prednisolone (5 or 25 mg tablet) 1-2 mg/kg/day
ii. Intravenous
1. | Prednisolone 1-1.5 mg/kg/day
2. | Triamcinolone
3. | Dexamethasone 200 mg/day
4. | Methylprednisolone 250-1000 mg in 100 ml
Normal saline for 3 days
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Ill. Immunomodulators

A. Antimetabolites

1. | Methotrexate 7.5-25 pg/week
2. | Azathioprine 100-250 mg/day
3. | Mycophenolate mofetil 1-3 g/day

B. Inhibitors of T-cell lymphocytes:

i. Oral
1. | Cyclosporine 2.5-5 mg/kg/day
2. | Tacrolimus 0.1-0.2 mg/kg/day
ii. Intravenous
1. | Sirolimus Loading dose 6 mg/day,

Maintenance dose 4 mg/day

C. Alkylating agents

1. | Cyclophosphamide 1-2 mg/day

2. | Chlorambucil 2-12 mg/day

ANTIGLAUCOMA MEDICATIONS

I. Cholinergic drugs

A. Parasympathomimetics

Generic name Concentration (%) Normal dosage
1. | Pilocarpine 2% od to qid
2. | Carbachol 0.75%, 1.5%, 2.25%, 3% up to tid

B. Anticholinesterases

Generic hame Concentration (%) Normal dosage
1. | Echothiophate iodide| 0.03%, 0.06%, 0.125%,
0.25% od to bd
2. | Physostigmine 0.25% od to tid

3 | Demecarium 0.125%, 0.25% bd
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Il. Adrenergic agents

A. Sympathomimetics

i. Nonselective
Generic name Concentration (%) Normal dosage
1. | Epinephrine 0.25%, 0.5%, 1%, 2% od to bd
2. | Dipivefrin 0.1% bd

ii. Selective (alpha 2 agonists)

Generic Name Concentration (%) Normal dosage
1. | Brimonidine 0.2% bd
2. | Apraclonidine 1% od

B. Beta-blockers

i. Nonselective
Generic name Concentration (%) Normal dosage
1. | Timolol 0.5% bd
2. | Carteolol 1%, 2% bd
3 | Levobunolol 0.5% od
4 | Metipranolol 0.1%, 0.3% bd
ii. Selective
Generic Name Concentration (%) Normal dosage
1. | Betaxolol 0.5% bd

Prostaglandin analogs

Generic name Concentration (%) Normal dosage
1. | Latanoprost 0.005% od
2. | Travoprost 0.004% od
3. | Bimatoprost 0.03% od
4. | Tafluprost 0.0015% od
5. | Unoprostone 0.12% od

iv. Carbonic anhydrase inhibitors

A. Topical
Generic hame Concentration (%) Normal dosage
1. | Dorzolamide 2% bd or tid
2. | Brinzolamide 1% bd or tid




yZ 8l ARAVIND FAQs IN OPHTHALMOLOGY

B. Systemic
Generic name Concentration (%) Normal dosage

1. Acetazolamide 250 mg bd to qgid
(available as tablet,
sustained release
capsule and powder
for injection)

2. Dichlorphenamide 50 mg bd to tid

3. Methazolamide 50 mg bd to tid

v. Hyperosmotic agents

A. Oral:
Generic hame Concentration (%) Normal dosage
1. Glycerol 50% 2 ml/kg body wt
2. lIsosorbide 45% 2 ml/kg body wt

B. Intravenous:

Generic hame Concentration (%)

Normal dosage

1. Mannitol 20%

5 ml/kg body wt
over 30-60 min

2. Urea 45%

vi. Neuroprotectors (Experimental)
A. NMDA receptor antagonists:
1. Memantine
B. Nitric oxide synthase inhibitors:
1. Aminoguanidine
C. Beta 2 adrenergic agonists:
1. Brimonidine
D. Calcium channel blocker:
1. Nimodipine
E. Neurotrophic factors:
1. Neurotrophin 3
F. Apoptosis inhibitors:
1. Cytochrome C release inhibitors
2. Caspase inhibitors
G. Reactive oxygen species scavenger:

NEWER OCULAR HYPOTENSIVE AGENTS: (The dosages of these
drugs have not been given since it is currenty experimental in nature)

. Natural Products
A. Cannabinoids
i. Topical CB1 agonists
ii. WIN55212-2
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. Activators of extracellular matrix hydrolysis

A. Matrix metalloproteinases
B. Inducers of matrix metalloproteinases
i. Tert-butylhydroquinone
C. Activator of glycosaminoglycan degradation compounds
i. AL-3037A (Sodium ferri ethylenediamine tetra-acetate)
Protein kinase inhibitors
A. Broad spectrum kinase inhibitors
i. H7
B. Inhibitors of protein kinase C
i. GF109203X
C. Rho-associated coiled coil-forming kinase (ROCK) inhibitors
i. Y-27632
i. H-1152

. Cytoskeleton modulator

i. Ethacrynic acid
ii. Latrunculin B
iii. Swinholide A
Compounds that increase cyclic GMP
A. Cyclic GMP analogs
B. Nitric oxide donors
i. Nitroglycerin
ii. lsosorbide dinitrate
iii. Sodium nitrite
iv. Hydralazine
v. Minoxidil
vi. Sodium nitroprusside
C. Natriuretic peptides
i. Atrial natriuretic peptide (ANP)
ii. Brain-derived natriuretic peptide (BNP)
ii. C-type natriuretic peptide (CNP)
D. Compounds that increase natriuretic peptides
i. Candoxatril.

25
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1.5. SLIT LAMP BIOMICROSCOPE

1. Who discovered the slit lamp?

On August 3, 1911, Alvar Gullstrand presented the first rudimentary model
of slit lamp and explained its optics and refraction.

2. Who coined the term slit lamp biomicroscopy? Why is it called

so?

The term biomicroscopy was coined by Mawas in 1925. We call the
instrument slit lamp biomicrosope as they identify two basic components:

Slit lamp—focal narrow beam of light

Microscope—for stereoscopic magnified observation

Biomicroscopy-as it is helpful in examination of living eye

3. List the various steps for carrying out the slit lamp examination?

Vi.

Vii.

Examination should be carried out in a semi-dark room so that the
examiner’'s eyes are partially dark adapted.

Both the patient and the examiner must be seated in comfortable
adjustable chairs.

iii. Slit lamp table — must be stable and flat so that the slit lamp does

not slide during the examination and the table should be mounted on
a swinging arm or rolling table so that it is adjustable in height.

. Adjust the patients chair high enough so that the patient naturally

leans forward with the chin and forehead pressed firmly against the
chinrest and headrest without stretching.

With the patients’ forehead and chin firmly in place the height of the
chinrest can be raised or lowered by means of a nearby knob. In this
way the patients’ eye is brought level with the black demarcation line
on one of the supporting rods of the patient positioning frame just
below the level of forehead strap.

Adjust the settings on the slit lamp so that the patient is not initially
subjected to uncomfortably bright light when the instrument is turned
on. This can be accomplished by setting the instrument to provide
a very narrow beam of light or by diminishing the light source if it is
to provide diffuse illumination.

Oculars of the slit lamp are to be adjusted for the examiners
interpupillary distance.

4. What are the basic principles of slit lamp illumination?
There are 3 specific principles of slit lamp illumination—

Focal illumination
Oblique illumination
Optical section.
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5. Describe the principles.

Focal illumination—Achieved by narrowing the slit beam horizontally
or vertically. It permits isolation of specific areas of cornea for
observation without extraneous light outside area of examination.

ii. Oblique illumination—Light beam is projected from an oblique angle.

It is useful for detecting and examining findings in different layers of
the cornea.

Optical section—This is the most important and unique feature of slit
lamp achieved by making a narrow slit beam. Uses include determining
depth or elevation of a defect in cornea, conjunctiva or locating the
depth of opacity within the lens, etc.

6. What are the types of illumination used for examination?
The different illumination in the sequence in which they are used are:

i
ii.
iii.
iv.
V.
Vi.

Vii.
viii.

Diffuse illumination

Sclerotic scatter

Direct focal illumination

Broad tangential illumination
Proximal (indirect) illumination
Retroillumination from the iris

a. direct

b. indirect

Retroillumination from the fundus
Specular reflection.

7. What is meant by diffuse illumination?

Diffuse illumination—also known as wide beam illumination.

= Principle—a wide unnarrowed beam of light is directed at the cornea
from an angle of approximately 15-45°

= Settings—Microscope is positioned directly in front of the eye and
focused on the anterior surface of the cornea
— Magnification used is low to medium
— lllumination is kept at medium to high

USES

Gross inspection of any corneal scar, irregularities of lid, tear debris,
etc. —mainly for obtaining an overview of ocular surface tissues
(e.g. Bulbar and palpebral conjunctiva)

It can be used with cobalt blue or red free filters.

Cobalt blue—introduction of cobalt filter without fluorescein will cause
corneal iron rings to appear black, so is useful in detecting subtle
fleischner’s ring in early keratoconus. The cobalt blue filter produces
blue light in which the fluorescent dye fluoresces with yellow green
color used for evaluating fluorescein staining of ocular surface tissues
or the tear film or during Goldmann applanation tonometry.

Red free filter—produces light-green light for evaluation of rose Bengal
Staining. Also used to evaluate nerve fiber layer.
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8. What is sclerotic scatter?

Principle: The optical principle is based on fiberoptics—the total internal
reflection of light
i. The slit beam is directed at the limbus. The opaque sclera scatters
the light and some of the light is directed into the stroma where it
travels through the entire cornea by repeatedly reflecting from its
anterior and posterior surfaces.

ii. In normal cornea—it creates a glowing limbal halo but no stromal
opacity is visible.

iii. When opacity is present—the internally reflected light is scattered
back to the observer outlining the pattern as in Reis-Bucklers dystrophy.
Settings—silit lamp is about 15° from the microscope.

Slit beam is decentered if full view of cornea is desired.
Slit height is set at full and slit width at medium broad.

9. What is direct focal illumination?

It is of 2 types—
A. Direct focal illumination with broad beam
B. Direct focal slit illumination with narrow beam

A. Direct focal illumination with broad beam
= Principle—SlIit lamp light is focused directly on an area of interest.
Wider the slit beam, less information is presented to the examiner.
= Settings
Slit beam is approximately 30° from microscope.
Slit height is full and slit width is medium broad.
Uses: Crumb like deposits of granular stromal corneal dystrophy, stand
out in direct focal illumination as they are white, reflect light, have sharp
margins and are embedded in clear cornea.

B. Direct focal slit illumination with a narrow beam
i. Principle: Slit lamp is placed obliquely and the slit beam is narrowed.
The focused slit creates an optical cross-section of the cornea allowing
the examiner to localize the level of opacities within the cornea and
to determine corneal thickness.

ii. Settings: Slit lamp is positioned 30-45° from microscope
Slit height is full and slit width is narrow.

iii. Movement: Moving the narrow slit systematically across the cornea
allows to view serial optical sections and to construct a mental
picture of corneal pathology.

iv. Uses: Moderately thin slit is used to identify the pigmentation of
Krukenberg’s spindle on the posterior surface of cornea.

The narrow slit beam localizes
i. The net like opacity in Reis-Buckler's dystrophy to subepithelial area.
ii. Extreme thinning in area of descemetocele in cases of herpes simplex
keratitis.
iii. Focal central thinning of cornea in cases of post keratitis scarring,
and keratoconus.
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10. What is broad tangential illumination?

i. Principle: The examiner focuses the microscope on an area of interest
and swings the slit beam far to the side at an extremely oblique
angle so that the light sweeps tangentially across the surface of
cornea. This enhances surface details by shadowing.

ii. Settings:

Slit beam is 60-90° from microscope
Slit height is narrow to one half and slit width is very broad.

Uses —
= Highlights irregularities on anterior corneal surface

i. Corneal intraepithelial neoplasia

ii. Sterile stromal ulcers

ii. Calcific band keratopathy with holes
v. Diffuse punctate epithelial keratopathy

= Highlights irregularities on posterior corneal surface, e.g. folds in
Descemet’s membrane.

11. What is proximal (indirect) illumination?
It combines features of both sclerotic scatter and retroillumination

= Principle—A moderately wide slit beam is decentered and placed
adjacent to an area of interest. Light travels through corneal stroma by
internal reflection as it does in sclerotic scatter and accentuates the
pattern of opacity.

m Settings—Slit lamp is about 15° from microscope
Slit height is full and slit width is moderate

= Uses—Highlights the internal structures of corneal opacity
Enables the identification of details within the opacity, e.g. small foreign
body within an area of corneal inflammation
Also useful for observing iris sphincter.

12. What is retroillumination of iris? Give its uses.
Retroillumination of the iris can be of two types—

i. Direct

ii. Indirect

Direct retroillumination of the iris

= Principle—The slit beam reflects from the surface of the iris and
illuminates the cornea from behind and accentuates the refractive
properties of corneal pathology.
It allows detection of abnormalities not apparent in direct illumination.
For example, epithelial basement membrane fingerprint lines

m Settings— Slit lamp is separated by 15-30° from microscope
Slit height is reduced and slit width is medium.
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Indirect retroillumination of the iris

= Principle: The slit beam is decentered so that it hits the iris near the
pupil adjacent to the area of interest in the cornea.
Microscope is adjusted so that the area of interest is viewed at the
edge of the path of light reflected from iris (marginal retroillumination)
or against the adjacent black pupil (indirect retroillumination).

= Settings
The beam can be decentered to allow viewing of object of interest over
dark edge of pupil.
Slit height is reduced to eliminate background scatter and slit width is
narrow to medium.

13. What is retroillumination from fundus?

= Principle: Slit beam is placed nearly co-axial with microscope and
rotated slightly off axis so that it shines in through margin of pupil. This
allows the red light reflected from the ocular fundus to pass through
cornea to microscope.
= Settings
Slit lamp is aligned co-axial with microscope, then decentred to edge
of pupil.
Slit height is reduced to one-third to avoid striking the iris
Slit width is medium and curved at one edge to fit in the pupil
= USES—The following abnormalities are seen:
i. Lattice dystrophy
ii. Pseudoexfoliation
iii. Keratic precipitates
iv. Corneal scars
v. Meesmann’s dystrophy
vi. Map-dot fingerprint dystrophy
vii. Lens vacuoles
viii. Cataract
ix. Corneal rejection lines.

14. What is specular reflection?

= Principle: It is based on Snell’s law. When angle of incidence of slit
beam equals the angle of observation of microscope, the reflected light
from epithelial and endothelial surfaces are viewed.

= Settings
Beam height is full and beam width is narrow
Microscope and slit beam are 45-60° apart

= Movement
Place the slit beam adjacent to reflection of slit lamp filament from
surface of cornea (corneal light reflex).
Slit beam is moved laterally until it overlaps corneal light reflection.
Beam is moved further laterally to edge of corneal light reflection and
focus on posterior corneal surface to visualize the paving stone like
mosaic of endothelial cells.
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15. What specialized examinations can be carried out with the help
of slit lamp?

Diagnostic examinations:
i. Gonioscopy
ii. Fundus examination with focal illumination
iii. Pachymetry
iv. Applanation tonometry
v. Ophthalmodynamometry
vi. Slit lamp photography
vii. Laser interferometry
viii. Potential acuity meter test.

Therapeutic uses:

i. Contact lens fitting.

ii. Yag capsulotomy

iii. Delivery system for argon, diode and YAG laser as for retinal lasers,
peripheral iridotomy, ALT, synechiolysis, suturolysis.

iv. Corneal and conjunctival foreign body removal.

v. Corneal scrapings.

vi. Intraoperative slit lamp illumination:
There is less risk of phototoxicity because a slit light at 5°, focused
on the macula, provides a fixed illumination of 7000 Im, the same as
with an intraocular fiber placed at 17 mm from the macula.

16. Describe optics of slit lamp.

Composed of two optical elements:
= Objective
= Eyepiece

Objective lens consists of two planoconvex lenses. With their convexities
put together providing a composite power of +22D. Eyepiece has a lens
of +10D.

For good stereopsis tubes are converged at an angle of 10° to 15°

Microscope uses a pair of prisms between objective and eye piece to
re-invert the inverted image produced by compound microscope.

Most slit lamps provides a range of accommodation from X6 to X40.

Modern slit lamps use one of the following three systems to produce a
range of magnification:
i. Czapskiscope with rotating objectives:
a. Oldest and most frequently used.
b. Different objectives are placed on a turret type of arrangement
that allows them to be fairly rapidly changed during examination.
c. Haag-Streit model, Bausch and Lomb, Thorpe model.
ii. Littmann-Galilean telescope principle:
a. Developed by Littmann.
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b. Sits between objective and eyepiece lenses and does not require
either of them to change.

c. Provide range of magnification typically 5.

d. Itis called galilean system because it utilizes Galilean telescopes
to alter magnification.

e. Two optical components are positive and negative lens

f. Zeiss, Rodenstock, American optical slit lamp

Zoom system

a. Allows continuously variable degree of magnification.

b. Nikon slit lamp contains zoom system within objective of
microscope and offers a range of magnification from X7 to X35.

17. How to evaluate tear film with evaluation with the help of slit
lamp?

Examination of inferior marginal tear strip can yield information about
volume of tears. The tear strip is a line just above lower lid. It is normally
0.5 mm in width and has a concave upper aspect. When thin or disconti-
nuous, it is an evidence of deficient aqueous tear volume. The following
are the parameters

i
ii.
iii.
iv.
V.
Vi.
Vii.

viii.
iX.

Beam angle 60°

Beam height maximum

Beam width parallel piped

Filter none

lllumination low or ambient lighting only
Magnification 10-16X

Another feature seen in dry eye is increased debris in tear film. Bits
of mucus, sloughed epithelial cells—suggestive of delayed tear
clearance.

Alteration in morphology of conjunctiva—conjunctivochalasis.
Pathologic signs of Meibomian gland disease—ductal orifice pout or
metaplasia (white shafts of keratin in orifices), reduced expressibility,
increased turbidity and viscosity of secretions.

18. How to measure lesions with slit lamp?

i
ii.
iii.
iv.
V.
Vi.

Vii.

Brightness—lowest intensity setting

Slit lamp beam—slightly thicker than optical section

llluminating arm directly in front of viewing arm.

Focus vertically oriented beam on the lesion to be measured.
Vary height of beam till it equals height of lesion. Read the scale.
Rotate the bulb housing 90° to orient the beam horizontally and
repeat measurement by varying height of beam to measure horizontal
dimensions of lesion.

The bulb housing may be rotated less than 90° to perform diagonal
measurement.
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1.6. DIRECT OPHTHALMOSCOPE

1. Who invented direct ophthalmoscope?
= Invented by Von Helmholtz in 1850.

2. Explain the procedure for examining with a direct ophthalmoscope.

i. It is ideally performed in a dimly lit room.

ii. Patient is asked to look straight ahead at a distant object.

iii. Examiner should be on the side of the eye to be examined.

iv. Patient’s right eye to be examined by the examiners right eye and
scope to be held in right hand and vice versa.

v. Examiner should first examine at an arm’s distance.

vi. Once the red reflex is appreciated, the examiner should move close
to the patient’s eye and focus on the structures to be examined.

3. Explain the optics of direct ophthalmoscopy.

= Principle: In emmetropic patients, the issuing rays will be parallel and
will be brought into focus on the retina of the observer.
Hence, light from the bulb is condensed by a lens and reflected off a
two way mirror into patient’s eye. The observer views the image of
patient’s illuminated retina by dialling in the required focusing lens.

4. At what distance is distant direct ophthalmoscopy performed?
m Performed at 2 feet (one arm’s distance)

5. What are the applications of distant direct ophthalmoscopy?

i. To diagnose the opacities in refractive media.
— Exact location of the opacity can be determined by parallactic
displacement.
— Opacities which move in direction of movement are anterior to
pupillary plane and those behind will move in opposite direction.
ii. To differentiate between a hole and a mole of iris Mole looks black
but a red reflex is seen through hole in iris as in iridodialysis.
iii. To recognise the detached retina or a tumor arising from fundus
iv. Bruckners test: In children, refractive error can be assessed by
dialing the lens, the power of which will help us focus on the retina
clearly.

6. What are the different reflexes seen on distant direct ophthal-
moscopy?
i. Red reflex: normal
ii. Grayish reflex: retinal detachment
iii. Black reflex: vitreous hemorrhage
iv. Oil droplet reflex: keratoconus
v. White reflex (leukokoria):
— Retinoblastoma
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Retinopathy of prematurity

Congenital cataract

Toxocariasis

Persistent primary hyperplastic vitreous
Retinal dysplasias

Coats’ disease

Choroidal coloboma

7. What are the factors determining the field of vision in direct
ophthalmoscopy?

i. Directly proportional to the size of pupil

ii. Directly proportional to the axial length of the observed eye/ refraction
of the patient. Larger area with least magnification is seen in
hyperopes and smaller area with maximum magnification is noted in
myopes.

iii. Inversely proportional to distance between observed and observers
eye

iv. Smaller the sight hole of the ophthalmoscope, the better the field of
vision

8. What are the parts of direct ophthalmoscope?

i. On/off rheostat
ii. View aperture
iii. Lens power indicator (Rekoss disk)
iv. Pupil size—large/small
v. Auxillary controls—red free filter, fixation target, slit beam, etc.

9. What is the therapeutic use of direct ophthalmoscope?
= For xenon laser delivery

10. How will you quantify disk edema using direct ophthalmoscope?

The direct ophthalmoscope is first focused on the surface of the disk. The
dioptric power by which the disk focusing is clearly noted. Then the
ophthalmoscope is used to clearly focus on the adjacent retina. The
dioptric power for this manouver is then noted. The difference between the
dioptric powers gives the amount of elevation of the disk, i.e. every
addition of +3D equals to 1 mm elevation of disc (phakics) 2 mm elevation
of disc (aphakics).

In emmetropic eye each diopter of change of focus is equivalent to an
axial length of 0.4 mm or a difference in focusing of 3D indicates a
difference in level of 1 mm whereas in aphakics, 3D indicates a difference
in level of 2 mm.

11. What are the characteristics of the image formed?

i. V—vertical
ii. E—erect
iii. M—magnified
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12. What are the drawbacks of direct ophthalmoscope?

i. Lack of stereopsis
i. Small field of view
iii. No view of retinal periphery

13. What is the magnification of direct ophthalmoscope?
Magnification is 15X.

14. What are the advantages of direct ophthalmoscope?

i. Safe

ii. Portable

iii. Screening tool
iv. Easy technique

15. What are the uses of auxillaries in direct ophthalmoscopy?
i. Full spot-viewing through a large pupil
ii. Small spot-viewing through a small pupil
iii. Red free filter-change in retinal nerve fiber layer (RNFL) thickness
iv. ldentifying microaneurysms and other vascular abnormalities
v. Slit-evaluating retinal contour
vi. Reticule/grid-measuring vessel caliber or small retina lesions
vii. Fixation target-identifying central/eccentric fixation.

16. How do you find patient’s point of preferred fixation?

i. Reduce illumination intensity and dial in fixation target
ii. Ask patient to look into the light in center of target
iii. Determine whether the test mark falls on the central foveal reflex or
at an eccentric location
iv. Ask patient whether the fixed object is seen as straight ahead off or
center.

17. List the differences between Direct (DO) and Indirect (10) ophthalmo-
scopes.

Points DO 10
1. Stereopsis Absent Present
2. | Magnification 15X 3-5X
3. | Static field of view 2 disk diameter 8 disk diameter
4. | Dynamic field of view Upto equator Upto ora serrata
5. Retinal image Virtual, erect Real, inverted
6. | Technique Easy Difficult
7. | lHllumination Good Excellent
8. |[Uses Diagnostic mostly Diagnostic and

therapeutic, e.g.
PRP, barrage
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1.7. INDIRECT OPHTHALMOSCOPY

1. Who invented indirect ophthalmoscope (10)?
Nagel in 1864.

2. What is the principle behind indirect ophthalmoscopy?
Works on the principle similar to astronomical telescope.

The principle is to make the eye highly myopic by placing a strong convex
lens in front of the patient’s eye.

The emergent rays from an area of the fundus is brought to focus in
between the lens and observer’s eye as a real inverted image.

3. What are the different types of condensing lens used in indirect
ophthalmoscopy?

i. Planoconvex lens
ii. Biconvex lens
iii. Aspheric lens

4. What are the advantages and disadvantages of different type of
lens?

i. Planoconvex lens

Advantage: causes less reflex during examination.
Disadvantage: plane surface of the lens causes troublesome reflexes
when held facing the observer, so convex side should face towards
the observer.

ii. Biconvex lens—both surface has +10D
Advantage: either way it can be held
Disadvantage: reflexes are more as compared to planoconvex lens

iii. Aspheric lens—lenses of greater power (30D/40D)

Advantage:
i. Helps to obtain less magnification and greater field
ii. Minimize aberration
iii. Can be used with small pupil and extremely
iv. Complicated retinal topography

5. What are the different power of the lenses which could be used as
condensing lenses?

The various lenses used are:
i. 15D (magnifies x4: field about 40°)
It is used for examination of the posterior pole.
ii. 20D (magnifies x3: field about 45°)
It is commonly used for general examination of the fundus.
iii. 25D (magnifies x2.5: field is about 50°)
iv. 30D (magnifies x2: field is 60°)
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It has shorter working distance and is useful when examining patients
with small pupil.

v. 40D (magnifies x2: field is 60°)

It is used mainly to examine small children.

6. What is the power of accommodation during the examination?

The working distance is approximately one-third of a meter. This
setup enables emmetropic observer to use only 1D of their
accommodation to view the image in the condensing lens.

ii. Myopes can increase or decrease their plus power to suit their

refraction.

iii. Presbyopes will need the equivalent of an immediate range add or

their addition for near.
Hypermetropes will need their distance correction.

7. Where is the image formed in 10?
It is formed between the condensing lens and the observer.

8. Compare between different condensing power.

Features +14D +20D +30D
Distance from eye (inches) | 3 2 1.5
Magnification 4-5x 3x 2x

Field 30 50 60
Stereopsis Normal % normal % normal
Illumination Low Medium Bright

9. What are the advantages of indirect ophthalmoscopy?

i
ii.
iii.
iv.
V.
Vi.

Larger field of retina can be seen

Lesser distortion of the image of the retina

Easier to examine if patient’s eye movements are present or patients
with high spherical or refractive power

Easy visualization of retina anterior to equator

It gives a three-dimensional stereoscopic view of the retina

Useful in hazy media because of its bright light and optical property.

10. What are the disadvantages of indirect ophthalmoscopy?

V.

Magnification in 10 is 5 times using a +20D lens. This is very less
when compared to DO which is 15 times.

ii. Indirect ophthalmoscopy is difficult to perform with small pupil.
iii. Uncomfortable for the patients due to intense light and scleral

indentation.

. The procedure is more cumbersome, requires extensive practice

both in technique and interpretation of the image visualized.
Reflex sneezing can occur due to exposure to bright light.
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11. Discuss the relative position of the image formed in emmetropic,
myoplc and hypermetropic eyes.

Emmetropia—the emergent rays are parallel and thus focused at the
principal focus of the lens.

ii. Hypermetropia—the emergent rays are divergent and are therefore

focused farther away from the principal focus.
Myopia the emergent rays are convergent and are therefore focused
near the lens.

12. What are the color coding for fundus drawing?

For example:
i. Optic disk — red
ii. Arteries — red
iii. Veins — blue
iv. Attached retina — red hatching outlined in blue
v. Detached retina — blue
vi. Retinal tear — red with blue outline
vii. Lattice degeneration — blue hatchings outlined in blue
viii. Retinal pigment — black
ix. Retinal exudates — yellow
x. Choroidal lesions — brown
xi. Vitreous opacities — green
xii. Drusen — black
xiii. Nevus — black
xiv. Microanneurysms — red

13. How to perform indirect ophthamoscopy?

iv.
V.

Vi.

Vii.

viii.

Explain the procedure to the patient

Reassure him/her of the brightness of the light

The patient should be lying flat on a stretcher without flexion or
extension of the neck in a dark room

The examinerthrows lightinto patients dilated eye from anarms distance
Binocular ophthalmoscope with a head band or that mounted on a
spectacle frame is employed

Keeping eyes on the reflex, the examiner then interposes the
condensing lens in path of the beam of light close to the patient’s
eyes and then slowly moves the lens away from the eye until image
of the retina is clearly seen.

Use patients own hand/finger as target. Patients with sight will then
use visual stimuli from his hand for fixation in addition to proprioceptive
impulse. This is important in case of blind, monocular or uncooperative
patients.

The examiner moves around the head of the patient to examine
different quadrants of the fundus.

He has to stand opposite to the clock hour position to be examined.
For example, to examine inferior quadrant (6 o’clock), the examiner
should stand towards patient’s head (12 o’clock).
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X.

The whole peripheral retina upto the ora serrata can be examined by
asking the patient to look in extremes of gaze and using a scleral
indentor.

14. How to use scleral indentor?

It consists of a small curved shaft with a flattened knob like tip
mounted on a thimble.

ii. It can be held between the thumb and the index finger or it can be

placed upon the index or middle finger.

iii. The examiner should move the scleral depressor in a direction opposite

to that in which he wishes the depression to appear.

. Should be rolled gently and longitudinally over the eye surface.

15. What is role of scleral indentation in examination of fundus?

= Make visible the part of the fundus which lies anterior to the equator.

= Making prominent the just or barely perceptible lesions of peripheral
retina.

16. What are the factors affecting the field of view?

i
ii.
iii.
iv.
V.

Patient’s pupil size

Power of the condensing lens

Size of condensing lens

Refractive error

Distance of the condensing lens held from the patient’s eye.

17. How to calculate the magnification of image?

Power of the eye
Power of condensing lens

Simple magnification =

If power of the eye = 60D
If condensing lens power is = 20D
Then magnification = 60/20 = 3 times.
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1.8. X-RAYS IN OPHTHALMOLOGY

1. What is the advantage of X-ray skull in ophthalmology?

The advantages of plain X-ray skull when compared to other investigations
like CT scan are:

a. Low cost

b. Easy availability and usage

c. Preliminary test to detect gross abnormality.

2. What are the important structures in X-ray skull to be looked for
in ophthalmology?

Most important structure to be looked for is the base of the skull. In this
the pituitary fossa is the most important structure. Other land marks are
the

Anterior clinoid process

Planum sphenoidale

Chiasmatic sulcus

Tuberculum sellae

Floor of the pituitary fossa

Dorsum sellae and

Posterior clinoids.

Occasionally the pituitary fossa is deep and extend more in the vertical
direction than in the antero-posterior direction and this has been termed
the J-shaped sella and has no pathological significance.

3. When do normal vascular markings of the skull become prominent?

Arterial markings in the skull are usually visible as thin wavy lines and
may become marked when the external carotid branches supply a vascular
lesion like a meningioma or an arteriovenous malformation.

4. What are the abnormalities to be looked for in plain X-ray skull?

i. Fracture
ii. Bone erosion: Local, e.g. pituitary fossa; generalized, e.g. Paget’s
disease
iii. Abnormal calcification: Tumors, e.g. meningioma, craniopharyngioma,
and aneurysm
iv. Midline shift: If pineal gland is calcified
v. Signs of raised intracranial pressure: Erosion of posterior clinoids.

5. What are the causes of normal calcification in the X-ray skull?

A. Structures in the midline that produce calcification are:
Pineal body

Falx cerebri

The pacchionian granules, and

The labenular commissure.
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B. The normal structures away from midline that produce calcification are:
Choroid plexus,

Petroclinoid ligament,

The lateral edge of diaphragma sellae and

The carotid artery.

6. What are the abnormal calcifications seen on X-ray skull?

Abnormal calcifications seen are:

i. Tuberculomas may show calcification in 6 to 7% cases.

ii. The shape and size of the calcification may be diagnostic as in the
case of double line wavy (rail road calcification) in Sturge-Weber
syndrome.

iii. To position and shape as in the case of supraseller area or speckled
calcification (egg shell) seen in craniopharyngioma.

iv. Meningioma

v. Retinoblastoma

vi. Pituitary adenoma
vii. Mucocele
viii. Phlebolith

ix. Other lesions are—tuberous sclerosis, toxoplasmosis, oligoden
droglioma, aneurysmal sac, subdural hematoma, dermoid, cysticercosis,
etc.

7. What are the signs of raised intracranial tension (ICT) in children?

i. There is increased separation of the sutures

ii. Increased convolutional markings

ii. Thinning of the bone

v. Silver beaten appearance—due to pressure of sulci and gyri

Sutures beyond 2 mm is suspicious of raised ICT and sometimes this
may be seen even in young adults upto 20 years. Conversely premature
fusion of the sutures is seen in craniosynostosis.

8. What are the signs of raised intracranial tension (ICT) in adults?

In adults, there is full ossification of the skull bones and the sutures are
possibly or fully closed and so sutural separation does not occur. Similarly
abnormal convolution markings are also not seen.

The changes that occur in the sella turcica, constitute the most important

signs in raised ICT.

a. In the earliest phase there is demineralization of the cortical bone
leading to loss of the normal ‘lamina dura’ (white line of the sellar floor)

b. This is followed by thinning of the dorsum sellae and the posterior
clinoid processes. The dorsum sellae becomes shortened and pointed
resulting in a shallow sella turcica.

c. In extreme cases, the sella becomes very shallow and flattened anterior
wall gets demineralized and the floor and dorsum sellae are destroyed.



Ly ARAVIND FAQs IN OPHTHALMOLOGY |

d. Alternately, the pituitary fossa may enlarge in a balloon like fashion due
to internal hydrocephalus. In such cases the enlarging Il ventricle acts
like an expanding intra sellar lesions (empty sella syndrome).

9. How is X-ray skull lateral view taken and what are the important
structures seen in it?

With the patient erect or prone the head is turned with the affected side
towards the film. The head is adjusted to true lateral position with the
median plane parallel to the X-ray plate and the interorbital line at right
angles to the film.

The important structures seen are:

Sella turcica

» Pterygopalatine fossa

= Hard palate

= Anterior and posterior walls of frontal sinus

10. What is Caldwell view and how is it taken?

It is a posteroanterior (occipitofrontal) view angled 15° caudal to the
canthomeatal line, the nose and forehead touching the X-ray film, with
orbitomeatal line perpendicular to the film. Itis the best view for frontal sinus.

It shows

Shape and size of the orbits
= Superior orbital fissure

= Floor of the sella

= Lamina papyracea.

11. What is Water’s view and the structures seen on it?

It is a posteroanterior (occipitomental) view inclined with the tragocanthal
line forming an angle of 37° with central ray, and the X-ray plate touching
the chin.

t is the best view for maxillary sinus. It shows:
= Roof of the orbit

= Superior and inferior orbital rims
= Maxillary antrum

= Ethmoidal air cells

12. What is base view and the structures seen on it?

= Submentovertical view.

= With the patient erect or supine, the head is hyperextended touching
the vertex to the couch and shoulders raised. The film is placed
lengthwise with its lower border just below the occipital protuberance.
The baseline and the film are parallel. The central ray passes submentally
and perpendicular to the X-ray plate and the tragocanthal line.

» Structures seen on it are:
— Anterior wall of middle cranial fossa
— Posterior wall of maxillary antrum
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Basal foramina

Petrous temporal bones
Posterior wall of orbit
Foramen ovale and spinosum.

13. What is Rheese view and the structures seen on it?

= In posteroanterior position, chin is raised till orbitomeatal line is 40° to
the film. Then the head is rotated 40° away from the side to be X-rayed.
= Also called the optic foramen view as it shows
— Optic foramen
— Superior orbital fissure
— Lacrimal fossa

14. What is Townes projection and the structures seen on it?

i. In supine position the canthomeatal line and the median sagittal line
is perpendicular to the film (fronto occipital/half axial)

ii. With the patient erect or supine, and the chin well down on the chest,
the head is adjusted so that the radiographic baseline is at right
angles to the film. The film is placed lengthwise with its upper border
5 cm above the vertex.

iii. This view not used commonly because of increased X-ray radiation
to the eyes

iv. Structures seen are
— Infraorbital fissure
— Superior orbital fissure

15. What is orbitomeatal line?

It is the line drawn from the lower margin of the orbit to the superior border
of the external auditory canal.

16. What is the significance of optic foramen?

= Seen in Rheese view

= Lies in the posteroinferior quadrant of the orbit

= Average normal diameter of the optic canal is 6-7 mm (< 2 mm and
> 7 mm are pathological).

= Both optic canals have to be taken always for comparison. Difference
greater than 1.5 mm is significant.

17. What are the causes of small optic canal?

= Congenital
= Inflammatory—osteitis
= Dysostosis like fibrous dysplasia, Paget’'s disease.

18. What are the causes of optic canal expansion?

Raised intracranial tension
Vascular—AV malformation
Inflammatory—arachnoiditis, sarcoid granuloma, tuberculoma.

n
n
n
= Tumors—meningioma, neurofibroma, retinoblastoma.
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19. What are the causes of optic canal erosion?

Medial wall

= Carcinoma

= Mucocele

= Granuloma of the sphenoid sinus
Lateral wall

= Pituitary tumors

= Craniopharyngioma

= Roof—tumor of anterior cranial fossa.

20. What are the normal dimensions of the sella turcica?
Anteroposterior diameter: 4—16 mm. Average—10.5 mm.

Depth: 4-12 mm. Average—8.1 mm

21. What is the most common lesion causing enlargement of the sella?
Pituitary adenoma.

22. X-ray finding in chromophilic adenoma?
i. Enlargement of the sella
ii. Erosion of the floor of sella
iii. Erosion of the under margins of the anterior clinoid process.
23. What is meant by double flooring of the sella?
Irregular and asymmetrical enlargement of the fossa mainly in posterior
sellar lesions giving the appearance of double flooring on X-ray skull
lateral view.
24. How is calcification in sella best seen?
= X-ray skull lateral view.

25. What is the commonest cause of calcification in midline?
Craniopharyngioma.

26. Enumerate causes of calcification in and around sella.

i. Atheroma

ii. Meningioma

ii. Arterial aneurysm

iv. TB meningitis

v. Optic disk glioma.

27. What is empty sella syndrome?

It is an asymmetric enlargement of the sella due to downward herniation
of the subarachnoid space into sella due to raised intracranial tension.
28. Enumerate causes of enlarged sella.

i. Chromophobe adenoma and other pituitary tumors
ii. Gliomas
iii. Teratomas
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iv. Craniopharyngiomas
v. Empty sella syndrome
vi. Arachnoid cyst

vii. Ectopic pinealomas.

29. What is the most common cause of suprasellar calcification?
= Craniopharyngioma
30. Name some common views used in orbital diseases.

= Caldwell’s view—supraorbital rim and medial orbital wall
Water's view—roof and floor of the orbit

Lateral view—face and orbits

PA view—paranasal sinuses

= Towne’s view—supraorbital fissure

31. What is oblique orbital line?

It is a roentgenographic structure formed by junction of medial and lateral
portions of the greater wing of sphenoid.

32. Enumerate the causes of small orbit.

= Anophthalmos
= Post-enucleation
= Microphthalmos
Mucocele.

33. Enumerate the causes of large orbit.

= Pseudotumor

= Tumors in muscle cone
= Congenital serous cysts
m Dysplasia.

34. Enumerate causes of bare orbits.

This is seen in X-ray orbit PA view

= Due to hypoplasia of the lesser wing of sphenoid

= Seen in neurofibroma.

35. What is blowout fracture?

Fracture of the infraorbital plate without the fracture of the infraorbital
rim.

36. What is the view used to diagnose blowout fracture?

Water’s view.

37. What are the X-ray findings on Water’s view in blowout fracture?

= Fragmentation of the orbital wall

= Depression of the bone fragments and prolapse of orbital soft tissue
into the maxillary sinus—trap door deformity

= Opacification of the maxillary antrum due to—hemorrhage, emphysema.
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38. What is the most common site of blowout fracture?
Posteromedial portion of the orbital floor medial to the inferior orbital fissure.

39. In what view can superior orbital fissure be best seen?
= Towne’s projection.

40. Name some conditions in which superior orbital fissure is widened?

= Pituitary adenoma

= Intracavernous aneurysm

= Carotid-cavernous fistula

= Mucocele of the sphenoid sinus

= Backward extension of intraorbital mass
= Forward extension of intracranial mass.

41. Enumerate some causes of narrowing of superior orbital fissure.

Diseases causing increased density and thickness of bone like
= Fibrous dysplasia
= Paget’s disease.

42. Enumerate some causes of hyperostosis of the orbit.

Acromegaly

Osteopetrosis

Anemia in childhood
Sphenoid ridge meningiomas
= Craniostenosis

= Paget’s disease.

43. Name some causes of diffuse osteolysis of the orbit.
Hyperparathyroidism

Osteomyelitis

Wegener’s granulomatosis

Malignant neoplasms invading the bone, etc.

44. What are the causes of bone destruction with clear cut margins?

= Dermoid cyst—most common
= Histiocytosis
= Meningioma.

45. Enumerate some causes of enlargement of the orbit.

i. Symmetrical
= Congenital myopia
= Buphthalmos
= Mass in muscle cone
= Optic nerve glioma
= Optic nerve meningioma
= Neurofibroma.
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ii. Asymmetrical

= Hemangioma
Lacrimal gland tumor
Dermoid cyst
Schwanomma.

46. What are the causes of intraorbital calcification?

i. Ocular causes
Retinoblastoma—most common
Meningioma

Hemangioma

Phlebolith

Dermoid cyst

Cataract.

ii. Ocular manifestation of systemic diseases
Toxoplasmosis

von Hippel-Lindau disease
Tuberous sclerosis
Sturge-Weber syndrome.
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1.9. COMPUTED TOMOGRAPHY AND
MAGNETIC RESONANCE IMAGING

1. Who invented computed tomography (CT)?

GN Hounsfield invented CT in 1972. It was initially known as EMI (electrical
and musical industries) scan.

2. What is the principle of CT?

X-ray tube of CT machine emits a thin collimated beam of X-rays

\J

Attenuated as they pass through the tissues

Detected by an array of special detectors

X-ray photons within detectors generate electrical signals
l

Electrical signals converted into images.
High density areas are depicted as white and low density areas as black.

3. What is the radiation dose used in CT?

The X-ray dose for a standard CT is 3 to 5 rads and for high resolution
CT is 10 rads.

4. What influences the resolution of CT?

Spatial resolution of a CT scan depends on slice thickness.

Thinner the slice, higher the resolution, require higher radiation dose.

2 mm cuts are optimal for the eye and orbit. In evaluation of orbital apex
1 mm slice is more informative.

5. What are the indications of CT?

i. Palpable orbital mass

ii. Unexplained proptosis, ophthalmoplegia or ptosis

iii. Pre-septal cellulitis with orbital signs

iv. Orbital signs associated with paranasal sinus disease

v. Unexplained afferent dysfunction

vi. Ocular surface or lid tumor with suspected orbital spread
vii. Intraocular tumor with proptosis
viii. Orbital trauma

ix. When MRI is contraindicated.

6. What is Reid’s baseline?

Line extending from inferior orbital rim to upper margin of external auditory
meatus.

7. What view best depicts optic canal?

The plane inclined at 30° to the orbitomeatal line depicts the optic canal
and the anterior visual pathway.
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8. What are Hounsfield units?

Hounsfield units represent a scale of radiation attenuation values of tissues.
The number assigned is called as hounsfield number. This number can
range from —1000 to +1000 HU or above. Higher the number, greater the
attenuation of X-rays and higher the tissue density.

9. What is contrast enhancement?

A contrast enhancing lesion is one which becomes bright or more intense
after contrast medium infusion. An increase in its Hounsfield value is a
more reliable indicator of contrast enhancement than increase in brightness.
10. What are the views for evaluation of bony orbit?

Axial view: Lateral and medial wall, superior orbital fissure, optic canal.
Coronal view: Orbit floor and roof.

11. What are the causes of enlargement of superior orbital fissure?

= Optic nerve meningioma with intracranial extension
= Carotid-cavernous fistula
= Infraclinoid aneurysm.

12. What are the causes of extraocular muscle enlargement?

Type of involvement Common causes

Unilateral, single muscle e Thyroid ophthalmopathy

involvement e Primary and secondary orbital tumors
e Myositis

Unilateral, multiple muscle Symmetrical

involvement e AV shunts

e Vascular engorgement
e Thyroid ophthalmopathy
Asymmetrical

e Myositis

e Metastatic tumors

e Thyroid ophthalmopathy

Bilateral, single muscle e Thyroid ophthalmopathy
involvement e Metastatic tumors

e Myositis
Bilateral, multiple muscle e Thyroid ophthalmopathy
involvement e Metastatic tumors

e Cavernous sinus thrombosis

13. Which part of optic nerve is readily visualized?

Optic chiasma is readily visualized because it is surrounded by cerebrospinal
fluid in the suprasellar region.
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14. Which part of optic nerve is poorly visualized?

Intracanalicular portion of optic nerve is poorly imaged on CT due to
absence of intrinsic contract material and partial volume averaging from
the adjacent bone.

15. What is the diameter of optic foramen?

Optic foramen is about 3 mm in diameter.
Anterior part of the optic canal—vertically oval in shape
Middle part of canal—round; Posterior part of canal—horizontally oval.

16. What are the causes of increase or decrease in size of optic
foramen?

Enlargement of the optic canal—tumors of intracanalicular part of optic
nerve—glioma, meningioma.

Decrease in diameter—fibrous dsplasia
e Paget’s disease
* Hyperostosis secondary to meningioma

17. Differentiate between optic nerve glioma and meningioma.

Glioma Meningioma
Origin Neoplasm of astrocytes Neoplasm of
meningothelial cells
Age Children Middle age
Sex No prediction More in females
Clinical features | Vision loss Proptosis
!
Proptosis Vision loss
CT scan Intraconal fusiform Tubular enlargement of
enlargement of optic nerve
optic nerve Tram track appearance
MRI No calcification Calcification may be seen
T1 Hypo- to isointense Hypointense
T2 Variable intensity Hyperintense

18. What are the features to be evaluated in case of orbital mass?

Following aspects should be evaluated on CT to aid diagnosis:

i. Assessment of proptosis: using a mid-orbital scan, a straight line is
drawn between the anterior margins of the zygomatic processes.
Normally it intersects the globe at or behind the equator. The distance
between the anterior cornea and the interzygomatic line is 21 mm
normally. If greater than 21 mm or asymmetry greater than 2 mm—
proptosis.
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ii. Size, shape and site of the tumor

iii. Circumscription of the tumor

iv. Margin of the tumor—smooth (benign) or irregular (malignant)

v. Effect on surrounding structures—fossa formation (benign) or
hyperostosis

vi. Internal consistency—homogenous (benign) or heterogenous
(malignant).

19. Which is the most common site of bony metastasis?

The greater wing of sphenoid is the most common site of bone metastasis
in orbit.

20. What are the CT findings in Grave’s ophthalmopathy?

Grave’s ophthalmopathy typically shows unilateral or bilateral involvement
of single or multiple muscles causing fusiform enlargement with smooth
muscle borders, especially posteriorly. Tendons are usually spared.

21. What are the factors to be assessed in case of a orbital trauma?

i. Evaluation of fractures.
ii. Number, location, degree and direction of fracture fragment
displacement.
iii. Evaluation of soft tissue injury: muscle entrapment, hematoma,
emphysema, etc.
iv. Presence and location of foreign bodies.

22. Where is “empty delta sign” seen?
Sigmoid sinus thrombosis.

23. What are the causes of ring-enhancing lesions?

i. Cysticercosis
ii. Tuberculoma
iii. Toxoplasmosis
iv. Metastasis

v. Abscess.

24. How does blood appear in CT?

Acute bleeding (< 6 hr) — hyperdense
Subacute bleeding — isodense with brain (intraparenchymal changes)
Chronic (> 2 weeks) — hypodense.

25. What are the conditions where CT is preferred over magnetic
resonance imaging (MRI)?

i. Acute trauma
ii. Bony lesions
iii. Metallic foreign body.

26. What is the principle of MRI?

MRI depends on the rearrangement of hydrogen nuclei when a tissue is
exposed to a strong electromagnetic pulse. When the pulse subsides, the
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nuclei return to their normal position, re-radiating some of the energy they
have absorbed. Sensitive receivers pick up this electromagnetic echo.
The signals are analyzed, computed and displayed as a cross sectional
image.

27. What are the imaging parameters?

T1 — longitudinal or spin-lattice relaxation.
T2 — transverse or spin-spin relaxation.

28. What is the basis of T1 and T2 imaging?

When the radiofrequency pulse is switched off, the T1 increases and T2
decreases.

T1
i. Depends on the tissue composition, structure and surroundings.
ii. It is an expression of the time it takes for the energy imparted by
the
RF pulse to be transferred to the lattice of atoms that surround the
nuclei.
iii. T1 weighted images are good for delineating ocular anatomy.
iv. Contrast weighted images are done with T1.
T2
i. Comes about when the protons go out of phase due to in homogenicity
of the external and internal magnetic field
ii. T2 weighted images are best to discern pathology.

29. List some T1 and T2 characteristics of some common tissues.

Tl signal T2 signal
Air Dark (hypointense) Dark (hypointense)
Bone
Dense calcification
Water, edema, CSF Dark Bright
Vitreous
High protein Bright Dark
Paramagnetic substances
(gadolinium, melanin)
Fat Bright Dark
Gray matter Dark gray Light gray
White matter Light gray Gray

30. What are the strengths of magnets used in MRI?
0.3 tesla, 0.5 tesla, 1 tesla, 3 tesla, and 5 tesla.

31. What is gadolinium?

Gadolinium is a paramagnetic substance (unpaired electrons) that shortens
the relaxation time of T1 and T2 weighted sequences. Administered



INTRODUCTION iR}

intravenously it remains intravascular unless there is a breakdown of blood-
brain barrier. It is visualized only in T1 weighted images appearing bright.

32. What are the structures that enhance with gadolinium?

Enhancement of tissues typically occurs with blood-brain barrier breakdown,
which is caused by a neoplasm, infection or inflammation. The pituitary
gland, extraocular muscle, choroids plexus and nasal mucosa normally
lack a blood-brain barrier, hence they enhance with gadolinium.

33. What are fat suppression techniques?

Fat-suppression techniques are applied for imaging the orbit. It eliminates
the bright signal of orbital fat and delineates normal structures(optic nerve
and extraocular muscles), tumors, inflammatory lesions.

34. What are the types of fat suppression techniques?

i. T1 fat saturation (used with gadolinium)
ii. Short T1 inversion recovery.

35. What is STIR?

STIR is short T1 inversion recovery. It is considered as optimal sequence
for detecting intrinsic lesions of the intraorbital optic nerve (e.g. optic neuritis).
STIR images have very low signal from fat but have high signal from water.

36. What is FLAIR?

FLAIR is fluid attenuated inversion recovery. This method eliminates bright
signal from fluid, allowing a strong T2 weighted image to remain, which is
useful for identifying multiple sclerosis plaques and ischemia. CSF looks dark
(unlike in typical T2), allowing bright MS plaques to be visualized better.

37. What is diffusion-weighted sequence (DWI)?

This sequence is used to image acute cerebral infarctions within the first
hour of stroke. Ischemia looks bright on DWI. These abnormalities are not
detected on other MRI sequences or CT scan.

38. List few indications of MRI.

i. Optic nerve lesions-intraorbital part of optic nerve and intracranial
extensions of optic nerve tumors.
ii. Optic nerve sheath leisions (e.g. meningioma)
iii. Sellar masses
iv. Cavernous sinus pathology
v. Intracranial lesions of the visual pathway
vi. Intracranial aneurysm.

39. What are the contraindications of MRI?

i. Presence of metal (aneurysm clips, cochlear implants, pacemakers)
ii. Cardiac bypass surgery patients (upto 1 month following surgery as
there may be local bleeding at the site of metallic materials)
iii. Claustrophobic patients (difficult to perform).
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40. Differentiate between CT and MRI.

CcT MRI

Better for soft tissue delineation
Insensitive to acute hemorrhage

Better for bony lesions
Sensitive to acute hemorrhage
Posterior fossa degraded by artefact Posterior fossa well visualized
Poor resolution of demyelinating Demyelinating lesions well seen at
lesions all stages

e Degraded image of orbital e Good view of orbital apex

apex because of bony artifact
Metal artifacts

Axial and coronal images
lodinated contrast agent
Risk: ionizing radiation

Less claustrophobic

Less expensive

Ferromagnetic artifacts

Axial, coronal, sagittal and angled images
Paramagnetic contrast agent

Risk: magnetic field

More claustrophobic

More expensive

41. What structures are better delineated on MRI than CT?

i. Distinction between optic nerve and its surrounding subarachnoid
space.
ii. Intracanalicular optic nerve
iii. Contents of superior orbital fissure
iv. Intraorbital branches of cranial nerves
v. Lens, choroids and ciliary apparatus.

42. What is the finding in pituitary macroadenoma?

A classic “snow-man” or “figure of eight” appearance of pituitary
macroadenoma is seen in gadolinium enhanced T1 weighted image as it
passes through the diaphragma sella to extend into suprasellar cistern.

43. How do you differentiate optic neuritis and optic nerve meningioma
in MRI?

Optic nerve enhancement (T1 with gadolinium) can differentiate between
optic nerve sheath meningioma and optic neuritis. In optic neuritis, gadolinium
enhancement is transient, remitting in days, whereas the optic nerve
enhancement in optic nerve sheath meningioma persists.

44. What is MR angiography?

MR angiography is a noninvasive method of imaging intra and extracranial
carotids and vertebrobasilar circulation to demonstrate stenosis, dissection,
occlusion, arteriovenous malformations and aneurysms.

45. What are the advantages and disadvantages of MR angiography
over CT angiography?

Advantage: Does not require contrast.

Disadvantage: Small aneurysms and thrombosed aneurysms may be
missed.
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CHAPTER

2.1. KERATOMETRY

1. Define keratometry.

It is the measurement of the curvature of the anterior surface of the
cornea across a fixed chord length, usually 2-3 mm, which lies in the
optical spherical zone of the cornea.

2. Who first invented the keratometer?

Helmholtz in 1854. He called it ophthalmometer. His instrument was made
of two glass plates.

3. Who modified Helmholtz’s instrument for clinical use?
Javal and Schiotz.

4. Explain the optical principle of the keratometer.

The principle of the keratometer is based on the geometry of a spherical
reflecting surface. The anterior surface of the cornea acts as a convex
mirror and the size of the image formed (first Purkinje image) varies with
its curvature—inversely.

An object of known size and distance is reflected off the corneal surface,
and the size of the reflected image is determined with a measuring
telescope. From this, the refracting power of the cornea can be calculated
on the basis of an assumed index of refraction.

5. What is the principle of visible doubling? Why is it necessary to
have double images?

The image formed on the corneal surface is made to double using
prisms. The keratometric reading is calculated by adjustment such that
the lower edge of one image coincides with the upper edge of the other.
From the amount of rotation needed to coincide the edges, the image
size is measured by the instrument, and thereby the corneal curvature
can be calculated.
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It is necessary to have double images to overcome the problem of
movement of the eyes during measurements. If the eye moves, both
images move together and equally.

6. How is doubling achieved in Javal-Schiotz keratometer?

In Javal-Schiotz keratometer, doubling is achieved by a Wollaston prism
which is incorporated in the viewing telescope. A Wollaston prism consists
of 2 rectangular quartz prisms cemented together. Quartz being a doubly
refractive substance, it splits a single beam of light to form two polarized
light beams.

7. Name some keratometers.

i. Helmholtz keratometer (not used now)

ii. Reichert (Bausch and Lomb keratometer)—constant object size,
variable image size.

iii. Javal-Schiotz keratometer—variable object size, constant image size

8. What is the relationship between the radius of curvature and dioptric
power of the cornea?

D=(n-1)r

where D is the dioptric power of the cornea
n is the index of refraction of the cornea

r is the radius of the cornea in meters

n is usually taken as 1.3375

9. What range of corneal curvature can be measured by keratometry?

The Bausch and Lomb keratometer measures radius of curvature from
36.00D to 52.00D.

10. What are the keratometric findings in spherical cornea?

There is no difference in power between the two principal meridia. The
mires are seen as a perfect sphere.

11. What are the findings in astigmatism?

In astigmatism, there is a difference in power between the two meridia.
With The Rule (WTR) corneal astigmatism—Mires will be vertically oval.
Against The Rule (ATR) corneal astigmatism—Mires look like a horizontal
oval.

Oblique astigmatism—the principle meridia are between 30-60° and
120-50°. Irregular astigmatism—Mires are irregular or doubled.

12. What are the keratometric findings in keratoconus?

Pulsating mires are indicative of keratoconus.
i. Early signs:
Inclination and jumping of mires (while attempting to adjust the mires,
the mires jump. If an attempt is made to superimpose the plus
mires, they will jump above and below each other).
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ii. Other signs:

Minification of mires: In advanced keratoconus (K > 52D), the mires
begin to get smaller, due to increased amount of myopia.

Oval mires: Occur due to large amount of astigmatism, mires are
normal size and distinct borders.

Distortion of mires: The mire image is irregular, wavy and distorted.

13. Give some clinical uses of keratometry.

i
il
iii.
iv.
V.
Vi.
Vii.
viii.

Objective method for determining curvature of the cornea

To estimate the amount and direction of corneal astigmatism
The ocular biometry for the IOL power calculation

To monitor pre and post surgical astigmatism

Differential diagnosis of axial versus refractive anisometropia

To diagnose and monitor keratoconus and other corneal diseases
For contact lens fitting by base curve selection

To detect rigid gas permeable lens flexure.

14. What are the sources of error in keratometry?

i

ii.
iii.
iv.
V.
Vi.

Improper calibration

Faulty positioning of the patient

Improper fixation by patient

Accommodative fluctuation by examiner

Localized corneal distortion, excessive tearing, abnormal lid position
Improper focusing of the corneal image.

15. What are the new types of keratometers?
i. Automated keratometer: The reflected image is focused onto a

photodetector, which measures image size, and then the radius of
curvature is computed. Infrared light is used to illuminate the mires,
as well as in the photodetector.

i. Surgicalloperating keratometer: Keratometer attached to the

operating microscope.

16. Name other methods of studying corneal curvature.

Placido disk

ii. Corneal topography.

17.What are the limitations of keratometry?

The keratometer assumes that the cornea is a symmetrical spherical
or spherocylindrical structure with two principal meridia separated by
90°, whereas in reality, the cornea is an aspheric structure.

ii. The refractive status of only a very small central area of the cornea

is measured, neglecting the peripheral zones.

iii. Inaccurate for very flat or very steep corneas, i.e. effective only for

a certain range of corneal curvatures.
Ineffective in irregular astigmatism, thus, cannot be used corneal
surface irregularities.



=1l ARAVIND FAQs IN OPHTHALMOLOGY

2.2. CORNEAL VASCULARIZATION

1. What are the factors that make a normal avascular cornea, vascular?

Anything that breaks the normal compactness of cornea:
i. Trauma
ii. Inflammatory
iii. Toxic
iv. Nutritional
v. Presence of vaso-formative stimulus.

2. Classify corneal vascularization according to depth of involvement?

Superficial: originates from superficial limbal plexus.

Interstitial: derived from anterior ciliary arteries.

Deep or retrocorneal pannus: seen in syphilitic cause of interstitial
keratitis.

3. What is pannus?

It is growth of fibrovascular tissue between the epithelium and Bowman’s
layer. It literarily means cloth. It can be degenerative or inflammatory.

There are 4 types of pannus:

i. Pannus trachomatous

ii. Pannus leprosus

ii. Pannus phlyctenulosus

v. Pannus degenerativus: associated with blind eyes like in bullous
keratopathy.

4. What is micro pannus and what are the causes for the same?

When vascularization extends beyond 1-2 mm from the normal vasculature.
Causes are:

i. Inclusion conjunctivitis

ii. Vernal conjunctivitis

iii. Superficial limbic keratoconjunctivitis

iv. Staphylococcal blepharitis

v. Childhood trachoma

vi. Contact lens wear.

5. What is gross pannus and what are the causes for the same?

When vascularisation extends beyond >2 mm from the normal vasculature.
Causes are:
i. Trachoma
ii. Staphylococcal blepharitis
iii. Atopic keratoconjunctivitis
iv. Rosacea
v. Herpes simplex keratitis
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6. What is progressive pannus and what is regressive pannus?

i. Progressive pannus: Infiltration is ahead of vascularization
ii. Regressive pannus: Vascularization is ahead of infiltration.

7. How do you treat corneal vascularization?

i. By treating acute inflammatory cause if any, vascularization
decreases.
ii. Radiation: applicable to destruction of superficial rather than deep
vessels.
It acts by causing development of end arteritis resulting from trauma
to endothelium.
iii. Surgery:
— Peritomy: removal of an annulus of conjunctival and
subconjunctival tissue dissected outwards from limbus for 3—4
mm.
— Superficial keratectomy: when vascularization is superficial or
circumferential.
— Argon laser photocoagulation.

8. How do you differentiate superficial and deep vessels?

i. Superficial vessels are usually arranged in arborizing pattern, present
below the epithelial layer and their continuity can be traced with the
conjunctival vessels. They are dark red in color and they branch
dichotomously.

ii. Deep vessels are usually straight, lie in the stroma, not anastomosing
and their continuity cannot be traced beyond the limbus. They are
pink in color.

9. How are deep vessels arranged?

They may be arranged as:

i. Terminal loops

ii. Brush

iii. Parasol

iv. Umbel

v. Network

vi. Interstitial arcade.

10. What is the role of anti-VEGF in corneal neovascularization?

The anti-VEGF will act on newly formed endothelial buds without pericytes.
These drugs are tried in diabetic neovascularization. In corneal
vascularization, once the vessels become mature with pericytes, these
drugs are of limited value. Subconjunctival injections are tried to prevent
new vessel formation after keratoplasty in highly vascularized corneas.
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2.3. CORNEAL ANESTHESIA

1. What is the nerve supply of cornea?

Long ciliary nerve, a branch of nasociliary nerve, which is a branch of
ophthalmic division of trigeminal nerve, supplies the cornea.

2. What are the branches of nasociliary nerve?

Nasociliary nerve, a branch of ophthalmic division of trigeminal nerve has
the following five branches:

i. Nerve to ciliary ganglion

ii. Long ciliary nerves

ii. Anterior ethmoidal nerve

v. Posterior ethmoidal nerve

v. Infratrochlear nerve.

3. How is the cornea innervated?

Myelinated and nonmyelinated axons distribute radially around
periphery of cornea

Enter substantia propria of stroma in a radial manner and branch
dichotomously (loose myelin sheath)

Preterminal fibers form a plexus in mid stroma
Subepithelial plexus formed

Epithelial plexus formed where the axons are devoid of
Schwann cells.
4. Which part of cornea is more sensitive?
Innervation density is more at center and decreases five-fold toward limbus.

5. How much time does it take for nerves to regenerate?

By 4 weeks normal innervation pattern is seen, though neural density may
be less. Center of the wound is devoid of sensation for more than 2 weeks.
6. With which instrument can you measure corneal sensations?
This can be tested using a wisp of cotton. In order to quantitate, one can
use an instrument called esthesiometer.

Esthesiometer: Nylon monofilament of 0.08-0.12 mm diameter covers
4-10 corneal epithelial cells. Thus, it stimulates one sensitive nervous
unit.

7. What are the neurotransmitters that play a role in corneal
sensations?

i. Substance P for pain
ii. Calcitonin gene related protein
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iii. Catecholamines—Loss of this may lead to epithelial breakdown like
that in neurotropic keratitis.
iv. Acetylcholine—levels related to corneal sensations.

8. What are the physiological variations in corneal sensations?

i. Most sensitive at apex, least at superior limbus.
ii. Sensitivity lowest in morning and highest in evening.
iii. Sensitivity decreases with age.

9. What are the conditions that affect corneal sensitivity?

A. CONGENITAL:
i. Congenital trigeminal anesthesia.
ii. Corneal dystrophies—Lattice dystrophy, Bassen-Kornzweig syndrome,
Pierre-Rhomberg syndrome, iris nevus syndrome.

B. ACQUIRED:
i. Diabetes mellitus: reduces sensitivity.

ii. Herpes simplex keratitis.

iii. Leprosy.

iv. Adie’s tonic pupil: lesion is in ciliary ganglion or short ciliary nerves,
where the nerves serving corneal sensations and those supplying the
iris sphincter run side by side.

v. Myasthenia gravis.

vi. Toxic corneal hypoesthesia: Carbon disulfide, hydrogen sulfide used
as pesticides.

C. PHYSIOLOGICAL:
i. Iris color—lighters the iris color, more the sensitivity.
ii. Gender—more sensitive in males than females.
iii. Eyelid closure: decreases sensitivity. This is due to depressed
acetylcholine levels with lid close. This is the reason for low corneal
sensitivity in morning after a night’s sleep.

D. PHARMACOLOGICAL.:

i. Surface anesthetics like 4% lignocaine, 0.5% proparacaine.

ii. Beta blockers—temporary decrease.

ii. Sodium sulfacetamide—30% solution decreases sensitivity.

v. Atropine—decreases sensitivity after 10 minutes of instillation. This
is due to decreased acetylcholine.

E. HORMONAL:
i. Preovulatory reduction in corneal sensations due to estrogen rise.
ii. Decreased corneal sensitivity during pregnancy.

F. MECHANICAL:
i. Contact lens: decreases corneal sensitivity. This may be attributed
to the decrease in oxygen pressure at epithelial level.



62

ARAVIND FAQs IN OPHTHALMOLOGY

G. SURGICAL:

Limbal incisions—after cataract surgery upper half of cornea may
have decreased sensitivity for more than a year.

ii. Corneal grafts: sensitivity may recover within 2 years.
iii. Refractive surgeries: LASIK decreases sensations.
iv. Other procedures: Photocoagulation and retinal detachment surgeries.

Trigeminal denervation: decreases sensitivity.

10. When will you suspect corneal anesthesia?

Persistent non-healing corneal defect
Symptoms are very less as compared to the epithelial defect.

11. How will you treat corneal anesthesia?

A central tarsorrhaphy may be necessary to promote healing.
Corneal grafting will give disastrous results in the presence of corneal
anesthesia.
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2.4. CORNEAL DEPOSITS

1. What are the causes of superficial corneal deposits?

A. Pigmented:
i. Iron lines
ii. Spheroidal degeneration
iii. Adenochrome
iv. Pigmented (non-calcified) band keratopathy
v. Cornea verticillata.
vi. Epithelial melanosis
vii. Drugs — Amiodarone, phenothiazines, epinephrine
viii. Metals — Iron, gold, copper
ix. Blood
X. Bilirubin
xi. Corneal tattoing
B. Non-pigmented:
i. Calcific band keratopathy
ii. Subepithelial mucinous dystrophy
iii. Coats’ white ring
iv. Drug deposits—amiodarone
C. Refractile/crystalline:
i. Meesmann’s dystrophy
ii. Superficial amyloid
iii. Tyrosenemia
iv. Intraepithelial ointment
v. Gout.

2. What are the causes of stromal deposits?

A. Pigmented:
i. Blood staining
ii. Siderosis
iii. Bilirubin
iv. Ochronosis
B. Non-pigmented:
i. Granular dystrophy
ii. Macular dystrophy
ii. Fleck dystrophy
v. Lipid deposition
v. Mucopolysaccharidosis
C. Refractile/crystalline:
i. Lattice dystrophy
ii. Schnyder’s dystrophy
iii. Bietti’'s crystalline dystrophy.
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3. Which are the various iron lines?

i. Stocker’s line: at head of pterygium.
ii. Hudson-Stahli’s line: in palpebral area seen in old age
iii. Ferry’s line: at the border of a filtering bleb.
iv. Fleischer’s ring: surrounding cone in keratoconus.
v. Between radial keratotomy incisions.
vi. Adjacent to contour changing pathology, like in Salzmann nodular
degeneration.

4. What is the reason for iron staining?
Tear pooling at the site of contour change will cause iron deposition.

5. At what level of cornea is spheroidal degeneration located?
Bowman'’s layer and anterior stroma.

6. What are the deposits in spheroidal degeneration?
Protein rich matrix containing tryptophan, tyrosine, cystine, cysteine.

7. What kind of deposits are seen with epinephrine eye drops in
glaucoma?

Adenochrome deposits.

8. When does blood staining of cornea occur?

It occurs in presence of hyphema due to two reasons:

i. Rise in intraocular pressure

ii. Compromised endothelium.
Initial appearance of yellow granules within the posterior stroma is sign of
need of evacuation of hyphema.

9. How does blood staining in cornea clear?

It clears from the periphery to center due to the scavenging action of
leucocytes which are present in perilimbal blood vessels.

10. Where is Hudson-Stahli line found?

The most common iron line, located in lower 3rd of cornea in the epithelium
i. Usually run horizontally, higher nasally lower temporally

ii. Typical bilateral and symmetric

ii. Altered by various factors like corneal scar and contact lens wear
v. It increases in length and density with time

v. Seen in as young as 2 years and increases with age upto 70 years

11.In which condition is Kayser-Fleischer ring seen?

i. Itis seen in Wilson’s disease (hepatolenticular degeneration) which
is a condition of altered copper metabolism
ii. It's seen before any nervous symptoms develop.
ii. It is a yellow brown or green ring seen in the peripheral cornea.
iv. Deposit is at level of Descemet’s membrane.
v. When chelating agents are given line disappears.
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12. How do you differentiate between a picture of arcus senilis and
Kayser-Fleischer (KF) ring?

Arcus has a clear intervening space between the limbus and line called
the clear zone of Vogt, whereas as the KF ring comes from copper from
peri-limbal blood vessels .There is no intervening space between limbus
and line.

13. What are causes of epithelial melanosis?

Congenital: Nevi.

Sequelae of trachoma and other inflammations due to migration
of conjunctival melanoblasts from limbus.

Striate melanokeratosis of Cowen: Normally occurs in darkly
pigmented individuals. Pigmented lines located in epithelium extend
from limbus to central cornea. Probably result from migration of
pigmented limbal stem cells onto the cornea.

14. What are causes of endothelial melanosis?

Congenital senile degenerative: Myopia, diabetes senile cataract,
chronic glaucoma.
Mosaic pigmentation of Vogt: outlines the endothelial cells.

iii. Turk’s line: due to convection current in anterior chamber.
iv. Krukenburg’s spindles: accentuation of general atrophic process in

which pigment derived from uveal tract is deposited on corneal
endothelium and aggregated in shape of spindle. Seen in pupillary
axis.



m ARAVIND FAQs IN OPHTHALMOLOGY

2.5. BACTERIAL AND FUNGAL
CORNEAL ULCER

1. What are the organisms capable of penetrating intact cornea?
i. Neisseria gonorrhoeae
ii. Haemophilus influenzae
iii. Corynebacterium diphtheriae.

2. What are the common bacteria causing keratitis in India?

The most common causes of bacterial keratitis in our country are:
A. Gram-positive organism:
» Streptococcus pneumoniae
B. Gram-negative organism:
m Pseudomonas aeruginosa
C. Acid-fast organism:
» Nocardia.

3. What are the common predisposing factors to keratitis?

i. Trauma
ii. Contact lens wear
iii. Pre-existing corneal diseases—trauma, bullous keratopathy, and
decreased corneal sensation.
iv. Other factors—chronic blepharoconjunctivitis, dacryocystitis, tear film
deficiency, topical steroid therapy, hypovitaminosis A.

4. Which is the commonest organism causing keratitis in patients
with chronic dacryocystitis?

Streptococcus pneumoniae.
5. Which is the commonest organism among contact lens wearers?
Pseudomonas aeruginosa.

6. What are the typical features of bacterial keratitis?

i. Symptoms are more than the signs and there will be lot of conjunctival
congestion, discharge and chemosis
ii. Sharp epithelial demarcation with well defined borders
iii. Underlying dense, suppurative stromal inflammation.

7. What are the characteristic features of specific bacterial keratitis?

i. Gram-positive cocci (such as S. pneumonia) cause localized, round
or oval ulcerations with distinct borders.

ii. Ulcus serpens or serpiginous keratitis also caused by S. pneumoniae

iii. Gram-negative bacilli such as Pseudomonas cause a rapid fulminating
ulcer with lot of suppuration and discharge and produce hour glass
appearance in a matter of days

iv. Moraxella causes indolent ulcers in debilitated individuals

v. Nocardia typically causes a wreath shaped ulcer which is superficial
spreading.
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8. How do you do microbiology investigations in a case of corneal
ulcer?
i. Proparacaine is used as the topical anesthetic of choice, since it has
the fewest inhibitory effects on the recovery of microorganism
ii. Corneal scraping should be performed along the edges and the base
of the ulcer. For example, S. pneumoniae is recovered from the
edges while Moraxella is recovered from the base
iii. Avoid touching the conjunctiva and eyelashes
iv. A Kimura spatula can be routinely used. A calcium alginate swab is
supposed to give better recovery rates
v. Smears can be placed on the central part of the slide in an area
marked on the reverse
vi. Culture plates are streaked using a C-shaped design.

9. Name commonly used stains.

i. Gram stain

ii. Acridine orange
ii. Calcofluor white
iv. Giemsa.

10. Which stains require fluorescence microscopy?
Acridine orange, calcofluor white.

11. What are the steps in Gram stain?

i. Fix the slide in methyl alcohol
ii. Flood the slide with crystal gentian violet for 1 minute
iii. Rinse and flood with Gram’s iodine for 1 minute
iv. Rinse and decolorize with acid alcohol for 20 seconds
v. Counterstain with dilute carbolfuschin (safranin) for 1 minute.

12. What is the principle behind Gram stain?

Gram-positive organisms have thicker peptidoglycan layer in cell wall
which makes them more permeable to primary stain than gram-negative
organisms. Gram-positive bacteria retain the Gentian violet-iodine complex
and appear purple. Gram-negative bacteria lose the gentian violet iodine
complex with the decolorization step and appear pink when counterstained
with safranin.

13. What is the use of Giemsa’s stain?

Apart from distinguishing between bacteria and fungi, Giemsa helps to
understand the normal and abnormal cellular morphology (such as
inflammatory cells).

14.Name common antibiotics active against gram-positive bacteria.

i. Cephazolin (50 mg/ml)

ii. Chlorampheniol (5—10 mg/ml)
ii. Moxifloxacin

v. Vancomycin (15-50 mg/ml)
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15. Name common antibiotics active against gram-negative bacteria.

i. Tobramycin (3—14 mg/ml)

ii. Gentamicin (3—14 mg/ml)

iii. Amikacin (20 mg in 0.5 ml)

iv. Ceftazidime

v. Ciprofloxacin (3 mg/ml)

vi. Levofloxacin (3 mg/ml)

vii. Ofloxacin (3 mg/ml).

16. How do you make fortified antibiotics?

a. Gentamicin: Add 2 ml of injectable gentamycin to 5 ml of commercial
topical preparation.

5 ml commercial preparation has — 15 mg
Added drug 2 ml — 80 mg
Total in 7 ml — 95 mg
1 ml contains — 13.5 mg

b. Cefazolin: Add 5 ml or 10 ml distilled water or sterile saline to 500 mg
vial of cefazolin to obtain 10% or 5% solution.

c. Vancomycin: Add 10 ml of distilled water or saline to 500 mg vial of
vancomycin and obtain a 5% solution.

d. Amikacin: Add 10 ml of distilled water to 100 mg of amikacin to get
1% solution.

17. What are the typical features of fungal keratitis?
i. Signs more than symptoms
ii. Feathery margins
iii. Raised dry surface
iv. Satellite lesions
v. Endothelial plaques
vi. Cheesy hypopyon
vii. Gritty texture while scraping.

18. Classify fungi.

i. Yeast (e.g. Candida, Cryptococcus neoformans, Rhinosporidium)

ii. Filamentous — Septate and non-septate
Septate:
Fusarium, Aspergillus, Curvularia
Non-septate:
Mucor, Rhizopus

iii. Dimorphic:
Histoplasmosis.



CORNEA m

19. What are the most common fungus infecting the cornea?

i. Fusarium
ii. Aspergillus flavus
iii. Aspergillus fumigatus.

20.How to differentiate Nocardia from fungal filament in KOH mount?
Nocardia is slender, branching, and thinner than fungal hyphae.

21.Name common media used for fungal culture.

i. Sabouraud’s dextrose agar
ii. Potato dextrose agar

ii. Brain-heart infusion

v. Blood agar.

22, Classify antifungals.

i. Polyenes
— Larger molecular weight:
Amphotericin, nystatin
— Smaller molecualr weight:
Natamycin
ii. Imidazoles
Clotimazole, miconazole, ketoconazole, econazole, thiobendazole.
iii. Anti-metabolites
Flucytosine.

23.What is the drug of choice in filamentous fungal infection?
Natamycin 5% suspension (especially for Fusarium)

24.What is the mechanism of action of amphotericin?

Amphotericin is effective against Aspergillus. It selectively binds to sterol
present in plasma membrane of susceptible fungi and alters membrane
permeability.

25. What is the dose of amphotericin?

Topical: 0.1-0.2% hourly initially

Anterior chamber irrigation: 500 pg in 0.1 ml of normal saline.
Intravitreal: 5 pg in 0.1 ml of normal saline.

26.How is amphotericin available?

It is available as 50 mg dose in vial. It has to be stored in dark colored
bottles to avoid exposure to light.

27.What is the mechanism of action of imidazoles?

At lower concentration it inhibits ergosterol synthesis and at higher
concentration it causes direct damage to fungal cell membrane.

28. What are the indications of oral antifungals?

i. Deeper ulcers not repsonding to topical therapy
ii. Ulcers involving the limbus and extending to the sclera
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In such cases ketoconazole tablets (200 mg bd) can be used, after
assessing for liver function tests.

29. What are the complications of corneal ulcer?

i. Descemetocele

ii. Perforation

iii. Anterior synechiae
iv. Secondary glaucoma
v. Cataract

vi. Purulent iridicyclitis
vii. Endophthalmitis.

30. What is the difference between hypopyon in bacterial and fungal
corneal ulcer?

Hypopyon in bacterial ulcer Hypopyon in fungal ulcer

Sterile (bacteria cannot invade intact Infective
Descemet’s membrane.

Fluid, move according to head posture Thick and immobile

31. Write briefly on voriconazole.

It is a new azole derived from fluconazole. It is active against Aspergillus,
Fusarium, Candida. It inhibits cytochrome P450 dependent 14 sterol
demethylase, an enzyme responsible for conversion of lanosterol to 14
demethyl lanosterol.

32. What are the signs to know whether the ulcer is healing?

i. Blunting of the edges of perimeter of stromal infiltrate.
ii. Decreased density of stromal infiltrate.
iii. Decrease in stromal edema and endothelial plaque.
iv. Decrease in anterior chamber reaction and reduction in the size of
hypopyon.
v. Re-epithelization.
vi. Cessation in corneal thinning.

33. What are the indications for keratoplasty in infective keratitis?

i. Perforated corneal ulcer

ii. Impending perforation

iii. Non healing corneal ulcer in spite of appropriate and adequate
antimicrobial therapy.

34. What are the principles in doing therapeutic keratoplasty?

i. The aim is to control and eliminate the infection

ii. The infected tissue along with 1mm of uninvolved corneal tissue is
removed

iii. A peripheral iridectomy is performed
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iv. Interrupted sutures are used so that selective suture removal can be
performed in indicated cases

v. Postoperatively antibiotics are used for ulcers caused by bacteria
and antifungals for fungal ulcers. Topical steroids are contraindicated
in therapeutic keratoplasty done for fungal keratitis.

35. How do you treat non-healing corneal ulcers?

i. First step is to reculture to identify/confirm the initial organism
ii. Recheck adnexal structures, especially for dacryocystitis

iii. Intrastromal injection of anti-microbials may be tried

v. Tarsorrhaphy.
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2.6. ACANTHAMOEBA KERATITIS

1. What is Acanthamoeba?

It is a freely living protozoa commonly found in soil, dust, fresh or brackish
water and upper respiratory tract in humans.

2. What are the different species of Acanthamoeba?

They have been classified on basis of their cyst morphology and isoenzyme
into 8 species out of which two of them namely A. castellani and
A. polyphaga are implicated in causing corneal infections.

3. What is different forms/life cycle of Acanthamoeba?

i. Cystic (dormant) form
ii. Trophozoite (active) form.

4. What is the cause of Acanthamoeba keratitis (AK)?
A. Western world: It is commonly associated with contact lens wear.

Contact lenses
i. Contact lens users (extended wear CL users are at a greater risk)
ii. Home-made saline as a substitute for CL solution
iii. CL wears in contaminated waters like swimming with CL
B. Indian scenario: Commonly associated with contaminated water
Trauma
Exposure to contaminated water or soil (agricultural population)
Taker fed water at home, cooling towers, air filters

Surgery
Penetrating keratoplasty
Radial keratotomy.

5. Why is so much of importance given to contact lenses in evaluating
a case of Acanthamoeba keratitis?

This is because AK can spread in numerous ways in relation to contact

lenses

i. Use of tap water in making CL solutions

ii. Swimming in a swimming pool/sea (contaminated)

ii. Shower while wearing lenses

iv. Minor corneal damage or abrasion which can happen with CL use
itself can cause AK.

6. What is the pathogenesis of Acanthamoeba keratitis?

Upon binding to the mannose glycoprotein of the corneal epithelium,
Acanthamoeba secretes proteins which are cytolytic to the epithelium as
well as proteases, which causes further penetration.
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7. What is the presenting symptom in AK?

The common symptoms are disproportionate pain compared to the signs
associated with blurred vision.

8. What is the reason for pain in AK?
i. Radial keratoneuritis
ii. Limbitis
iii. Scleritis.
9. What are the signs of AK?

The signs mimic a viral keratitis in many ways;
they are classified as early and late.

Early

i. Epithelial irregularity (dirty looking, stippled unhealthy epithelium)
ii. Pseudodendrites

ii. Radial keratoneuritis

v. Stromal infiltration

v. Satellite lesions

vi. Disciform lesion

Late

i. Ring infiltrate (oval shaped which is characteristic of this disease)
ii. Stromal opacification

ii. Scleritis

iv. Descementocele formation.

10. What are the investigations done in AK?

Noninvasive:
i. Confocal microscopy

Invasive:
i. Gram and Giemsa stain
ii. Calcofluor white stain
iii. 10% KOH mount
iv. Acridine orange
v. Immunofluorescent antibody stain
vi. PAS and methenamine silver
vii. Phase contrast microscope
viii. PCR
ix. Corneal biopsy.

11.How is Acanthamoeba grown in a microbiological environment?
The Acanthamoeba organism grows well on non-nutrient agar with
Escherichia coli overlay. The organism creates a track by feeding on E. coli.
12. What are the extracorneal complications of AK?

i. Scleritis
ii. Cataract
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iii. Peripheral ulcerative keratitis
iv. Glaucoma
v. lris atrophy
vi. Chronic inflammation
vii. Vascular thrombosis
viii. Intraocular infection
ix. The exact etiology of these complications is not known but likely to
be due to drug toxicity (biguanides) or immune response of the body
itself.

13. What are the differential diagnoses of AK?

The main differential diagnosis is herpes simplex keratitis (both epithelial
and stromal keratitis) and fungal keratitis.

14. What is the treatment of AK?
It can be classified as:

Medical

i. Biguanides
— Polyhexamethylene biguanide (PHMB) (0.02 to 0.06%)
— Chlorhexidine 0.02 to 0.2%

ii. Diamidines
— Hexamidine 0.1%
— Propamidine 0.1%

iii. Imidazole and triazole antifungals

iv. Aminoglycosides (AMG)

v. Polymyxins.

Surgical

i. Epithelial debridement

ii. Cryotherapy

ii. Deep anterior lamellar keratoplasty
v. Penetrating keratoplasty.

15. What are the goals of treatment?

i. Eradication of trophozoites and cysts
ii. Rapid resolution of immune response
ii. Preventrecurrence

v. Prevention of complications.

16. What is the mechanism of action of biguanides?

Biguanides interact with cytoplasmic membrane resulting in loss of cellular
components and inhibition of respiratory enzymes.

17.What is the mechanism of action of diamidines?

It causes structural membrane changes affecting cell permeability. When
the molecules enter amebic cytoplasm, denaturation of cytoplasmic proteins
and enzymes occur. Hexamidine is a faster amebicidal drug than
propamidine against trophozoites and cysts.
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18. Which is used as first-line of treatment between the two of the
above classes of drugs?

Biguanides have shown less toxicity compared to diamidines, so biguanides
are used as a first line, but both can be combined in a severe case of AK.
It is believed to have a additive or synergistic effect.

19. How would you prepare a 0.02% solution of PHMB?
The 20% parent solution is diluted 1000 times with saline or sterile water.

20. What is a major side effect of PHMB?
Vascularization of the cornea.

21. How would you treat a case of limbitis and scleritis in a case of
AK?

Both can be a cause of significant pain. It is due to severe posterior
segment inflammation. Limbitis is an early as well as a late finding. It
occurs commonly. It is treated with flurbiprofen 50 to 100 mg 2—-3 times
a day.

Scleritis: less common. Responds well to NSAIDs. If not then systemic
steroids are added.

22. How would you treat a case of persistent epithelial defect?

To exclude superficial bacterial infection which is very hard to distinguish
in presence of severe AK. Topical therapy should be discontinued and
non-preserved prophylactic broad spectrum antibiotic should be given to
prevent bacterial super infection. After signs of improvement are seen anti
amebic therapy is re-introduced.

23. How does an epithelial debridement help?

It helps in the following ways—
i. It serves as a therapeutic and diagnostic tool
ii. It helps in better drug penetration.

24. How is cryotherapy done?

It kills only the trophozoites but not cysts.

A retinal cryoprobe is taken and a freeze thaw method is used until a
ball of ice forms near the applicator in the stroma. In this manner whole
of the cornea is treated. Endothelial failure is a side effect.

25. When would you ‘perform keratoplasty?

It is not required in most of the cases as medical therapy would suffice
but is indicated in patients with—

i. Non healing ulcer in spite of appropriate anti amebicidal therapy.
ii. Corneal perforation that does not respond to corneal gluing

ii. Fulminant corneal abscess

iv. Intumescent cataract.
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Many of these eyes will have associated limbitis and scleritis so must be
started on prednisolone (1 mg/kg/day) or cyclosporine (3.5 to 7.5 mg/kg/
day) which is tapered in post graft period.

26. What are the newer modes of keratoplasty useful in AK?

In the initial stages, the disease is fairly superficial and, hence, a lamellar
keratoplasty or deep anterior lamellar keratoplasty can be used to
considerably shorten the course of the disease.
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2.7. VIRAL KERATITIS

1. What are the common viruses causing keratitis?

i. Adenovirus
ii. Herpes simplex virus
iii. Herpes zoster

2. What are the types of herpes simplex keratitis?

Primary infection is extremely rare and almost all the cases which are
seen are due to recurrent infections.
i. Epithelial keratitis:
a. Superficial punctate keratitis
b. Dendritic keratitis
c. Geographic keratitis
ii. Subepithelial keratitis:
a. Neurotrophic keratitis
iii. Stromal keratitis:
a. Necrotizing keratitis
b. Nummular keratitis
c. Disciform keratitis
iv. Endothelium:
Endothelitis.

3. What are the differential diagnosis of dendritic keratitis of herpes
simplex?

i. Herpes zoster

ii. Healing corneal abrasion

iii. Acanthamoeba keratitis

iv. Toxic keratitis due to topical drugs

v. Contact lens induced abrasions

vi. Neurotrophic keratopathy.

4. What are the characteristics of a herpes simplex dendrite?

It is usually central, slender, arborizing lesion with terminal end bulbs. The
base of the ulcer stains with fluorescein (due to loss of cellular integrity)
while the terminal end bulbs stain by rose bengal (due to lack of mucin
binding by the cells).

5. How will you treat dendritc keratitis?

i. Debridement: Helps by removing viral laden cells and can be done
for dendritic keratitis. It is not of any value for geographic keratitis.
ii. Topical acyclovir: 3% ointment administered 5 times daily for two
weeks or topical trifluridine 1% solution 8 times daily for two weeks.

6. What are the features of neurotrophic keratitis?
It is also called as metaherpetic keratitis and is characterized by:
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i. Nonhealing epithelial defect after appropriate and adequate antiviral
therapy
ii. Raised margins
iii. Underlying gray and opaque stroma
Treatment is to stop antivirals and to use lubricants. In nonresponsive
cases, it may be treated with bandage contact lenses or temporary
tarsorrhaphy.

7. What are the features of disciform keratitis?

This condition causes defective vision and presents as fusiform stromal
edema associated with keratic precipitates underlying the zone of the
edema. Few inflammatory cells in the anterior chamber may be seen.

8. What are the features of necrotizing keratitis?

This type of viral stromal keratitis mimics a bacterial or fungal suppurative
infection. A previous history of recurrence of infection and the presence
of corneal vascularisation will help in the diagnosis.

9. What are the findings of HEDS (Herpetic eye disease study)?

i. Topical corticosteroids given together with a prophylactic antiviral
improves the outcome of stromal keratitis.
ii. There is no benefit of using oral acyclovir in treating stromal keratitis.

10. What are the features of a herpes zoster dendrite?

i. They are pseudodendrites
ii. They are shorter, stockier and elevated
iii. They do not stain with fluorescein, but stain with rose bengal.

11. What are the features of herpes-zoster ophthalmicus (HZO)?
i. Lids:
a. Scarring
b. Trichiasis
c. Marginal notching
d. Cicatricial ectropion or entropion
ii. Conjunctiva:
a. Ischemia with necrosis
b. Circumcorneal congestion
iii. Cornea:
a. Punctate keratits
b. Dendritic keratitis
c. Stromal keratitis
d. Corneal anesthesia
iv. lIris:
Sectoral iris atrophy
v. Anterior chamber:
Hemorrhagic hypopyon
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Vi.

Vil.

viii.

Retina:

a. Focal choroiditis

b. Occlusive retinal vasculitis
c. Retinal detachment

Orbit:

a. Ptosis

b. Orbital edema

c. Proptosis in some cases

Central nervous system:
a. Papillitis
b. Cranial nerve palsies (commonly third nerve involvement).

12. What is the treatment for HZO?

i

ii.
iii.
iv.

V.
Vi.

Oral acyclovir 800 mg 5 times daily for 10-14 days

There is no use for topical antivirals

Topical steroids can be used for stromal keratitis

Oral corticosteroids can be used to reduce zoster pain especially in
older individuals

Lubricants

Tarsorrhaphy in severe cases of neurophic keratitis

13.How will you treat postherpetic neuralgia?

Capsaicin cream applied to the skin
Low doses of amitriptyline or carbamazepine
Oral gabapentin.
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2.8. INTERSTITIAL KERATITIS

1. What is interstitial keratitis?

Vascularization and nonsuppurative infiltration affecting the corneal stroma,
usually associated with a systemic disease.

2. What are the causes of interstitial keratitis (IK)?
i. Congenital syphilis
ii. Acquired syphilis
iii. Tuberculosis
iv. Leprosy
v. Onchocerciasis
vi. Infectious mononucleosis
vii. LGV—segmental and highly vascularized
viii. Cogan’s syndrome
ix. Herpes zoster
X. Herpes simplex
xi. Mumps—Diffuse rapid involvement of whole cornea, D/D from all
others by the rapidity with it clears

xii. Rubeola
xiii. Vaccinia
xiv. Variola

xv. Leishmaniasis

xvi. Mypanosomiasis

xvii. Hodgkin’s disease (rare)

xviii. Kaposi’s sarcoma (rare)

xix. Mycosis fungoides (rare)

xX. Sarcoid (rare)

xxi. Incontinentia pigmenti

xxii. Toxicity to drugs, such as arsenic
xxiii. Influenza (rare).

3. What are the nonsystemic conditions that may result in interstitial
keratitis?

i. Chemical burns

ii. Chromium deficiency.
4. What is the most common cause of interstitial keratitis?
The most important cause is syphilis. Of this, 90% is due to congenital
syphilis and rest is due to acquired syphilis.
5. When does interstitial keratitis develop in congenital syphilis?

It usually occurs about the age of 5 years to early teen and is bilateral
in 80%.
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6. When does the interstitial keratitis occur in acquired cases?

It occurs within few days after the onset of infection, but generally occurs
10 years later. The majority of the disease is unilateral.

7. What are the stages?

i. Progressive stage: with pain, photophobia cloudy cornea, iridocyclitis
ii. Florid stage: Acute inflammation of the eye with deep vascularization
of cornea
iii. Regressive stage: Clearing starts from periphery. Ghost vessels
may be present.

8. What are the complications of IK?

i. Splits in Descemet’'s membrane
ii. Band keratoplasty

iii. Corneal thinning

iv. Lipid keratoplasty

v. Salzmann degeneration

vi. Glaucoma.

9. What are the systemic features of congenital syphilis?

i. History of previous stillbirths
ii. Frontal bossing
iii. Overgrowth of maxillary bones
iv. Hutchinson’s teeth—Small band shaped central permanent incisions
v. Rhagades
vi. Saber shins
vii. Congenital deafness.

10. What is Hutchinson’s triad?
i. Hutchinson’s teeth
ii. Deafness
iii. Interstitial keratitis.
11.What is Cogan’s syndrome?
Non-syphilitic interstitial keratitis, which is bilateral and painful, with
vestibuloauditory symptoms.
12. What are the other causes of IK?

i. Tuberculosis Sector shaped sclerokeratitis
ii. Leprosy May be associated with pannus.
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2.9. MOOREN’S ULCER

1. Define Mooren’s ulcer.
Mooren’s ulcer is an idiopathic, painful, peripheral ulcerative keratitis (PUK).

2. What are the other names of Mooren’s ulcer?

i. Chronic serpiginous ulcer
ii. Ulcus rodens.

3. What are the symptoms of Mooren’s ulcer?

a. Severe pain out of proportion to the size of the ulcer
b. Decreased visual acuity due to

i. Central corneal involvement

ii. Irregular astigmatism

ii. Associated uveitis

v. Perforation.

4. Who described Mooren’s ulcer?

Mooren’s ulcer was first described by Bowman in 1849, and then by McKenzie
in1854 as “chronic serpiginous ulcer of the cornea or ulcus roden.” Mooren’s
name, however, became attached to this rare disorder because of his
publication of cases in 1863 and 1867. He was the first to clearly describe
this insidious corneal problem and define it as a clinical entity.

5. Describe the clinical presentation of Mooren’s ulcer.

The initial presentation is a stromal infiltration of the peripheral cornea.
The limbus is involved in contrast to the other PUK’s caused by rheumatoid
arthritis and SLE.

The clinical course of the ulcer is as follows:
Stromal infiltration of the peripheral cornea
(usually starts in the interpalpebral region)
Superficial ulceration
Peripheral spreading and deeper ulceration

Continued circumferential spreading

Hour glass cornea (contact lens cornea).

6. Describe the two clinical types of Mooren’s ulcer.

Type 1:
i.. Occurs in older individuals
ii.. Unilateral
iii.. Mild to moderate symptoms
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Type 2:
i. Occurs in younger individuals, usually common among the black
population
ii. Bilateral and associated with worm infestation
iii. Generally responds poorly to therapy.

7. What are the anatomic and physiological differences between the
center and the periphery of the cornea?

Central cornea Peripheral cornea
Avascular Close to limbal vessels
No inflammatory cells Inflammatory cells like Langerhans’

cells are present

More prone for infectious More prone for inflammatory and
disorders immune mediated disorders

8. Describe the entities associated with Mooren’s ulcer.

Different entities have been described in association with Mooren’s ulcer
but none of the lesions have been proved to have causal relationship with
Mooren’s ulcer. Mooren’s ulcer is seen associated with

i. Helminthiasis

ii. Hepatitis C infection

iii. Herpes zoster

iv. Herpes simplex

v. Syphilis

vi. Tuberculosis

vii. Corneal trauma
viii. Foreign bodies

ix. Chemical trauma

x. Surgical procedures like cataract extraction and PKP.

9. Name few differential diagnosis for Mooren’s ulcer (or PUK).

i. Autoimmune disorders like
. Rheumatoid arthritis,
. Wegener’s granulomatosis,
. Polyarthritis nodosa,
. Inflammatory bowel disease,
e. Giant cell arthritis.
ii. Collagen vascular disorders like
a. SLE
b. Relapsing polychondritis
c. Systemic sclerosis.
iii. Corneal degenerative conditions like
a. Terrien’s marginal keratitis
b. Pellucid marginal degeneration.
iv. Infectious causes like
a. Herpes simplex keratitis
b. Acanthamoeba keratitis
c. Bacterial keratitis.

oO0oTo
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10.How do we differentiate Mooren’s ulcer and PUK caused by
rheumatoid arthritis?

Rheumatoid arthritis is a frequent cause of PUK. The clinical picture of PUK
in RA is not characteristic to RA but frequently it is associated with scleritis.
Other associated ophthalmic findings include keratoconjunctivitis sicca (the
most common ophthalmic finding), episcleritis, and sclerosing keratitis.
Advanced systemic involvement is usually apparent at time of ocular
involvement. The patient’s clinical profile and positive serologic studies, in
particular rheumatoid factor, will help establish the appropriate diagnosis.

11. Describe the ophthalmic manifestations of Wegener’s granulo-
matosis.

Wegener’s granulomatosis is a rare multisystem granulomatous necrotizing
vasculitis with upper and lower respiratory tract and renal involvement.
Ocular involvement may be seen in upto 58% of patients, including proptosis
due to orbital involvement, scleritis with or without PUK, PUK alone,
uveitis, and vasculitis. Orbital involvement and scleritis are the most
common ophthalmic manifestations. Prompt diagnosis is imperative because
the initiation of immunosuppressive therapy, such as cyclophosphamide,
can be both sight and life saving. Serum antinuclear antibody titers are
raised in cases of Wegener’'s granulomatosis.

12.How is Terrien’s marginal degeneration and other corneal
degenerations differentiated from Mooren’s ulcer?

Terrien’s marginal degeneration differs from Mooren’s ulcer in that it is
typically painless, does not ulcerate and is usually noninflammatory. The
disease is usually bilateral but may be asymmetrical. Terrien’s degeneration
usually begins in the superior cornea, in contrast to Mooren’s ulcer, which
typically begins in the interpalpebral region as a fine, punctate, stromal
opacity. A clear zone exists between the infiltrate and the limbus, which
becomes superficially vascularized. Slowly progressive thinning follows.
The thin area has a sloping peripheral border and a sharp central edge that
is highlighted by a white lipid line. The epithelium remains intact, although
bulging of thin stroma causes significant astigmatism.

13. How is pellucid marginal degeneration differentiated from Mooren’s
ulcer?

Pellucid degeneration causes bilateral, inferior corneal thinning that leads to
marked, irregular, against-the-rule astigmatism. Pain and inflammation are
lacking and the epitheliumisintact, thus differentiating it from Mooren’s ulcer.

14. Describe the pathology of Mooren’s ulcer.

The histopathology of Mooren’s ulcer suggests an immune process. The
involved limbal cornea consisted of three zones.
i. The superficial stroma is vascularized and infilirated with plasma
cells and lymphocytes. In this region, there is destruction of the
collagen matrix. Epithelium and Bowman’s layer are absent.
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ii. The midstroma shows hyperactivity of fibroblasts with disorganization
of the collagen lamellae.
iii. The deep stroma is essentially intact but contains a heavy macrophage
infilirate. Descemet’s membrane and the endothelium are spared.
Heavy neutrophil infiltration, as well as dissolution of the superficial
stroma are present at the leading edge of the ulcer. These neutrophils
show evidence of degranulation. The adjacent conjunctiva shows epithelial
hyperplasia and a subconjunctival lymphocytic and plasma cell infiltration.
Frank vasculitis is not present, and numerous eosinophils may present in
the nearby involved conjunctiva during the course of healing.

15. Describe the pathophysiology of Mooren’s ulcer.

The precise pathophysiological mechanism of Mooren’s ulceration remains
unknown, but there is much evidence to suggest that it is an autoimmune
process, with both cell- mediated and humoral components.

On pathological examination plasma cells, neutrophils, mast cells and
eosinophils have been found in the involved areas. High levels of proteolytic
enzymes are found in the affected conjunctiva. Numerous activated
neutrophils are found in the involved areas and these neutrophils are
proposed to be the source of the proteases and collagenases that degrade
the corneal stroma.

16. What are the investigations done to diagnose a case of Mooren’s
ulcer?

Mooren’s ulcer is a diagnosis of exclusion.
Infectious etiologies should be excluded by appropriate smears and cultures.

This investigation may include a complete blood count with evaluation of
the differential count, platelet count — baseline investigations done before
starting immunosuppressive therapy.

i. Erythrocyte sedimentation rate — marker of systemic inflammatory
activity

ii. Rheumatoid factor — to rule out rheumatoid associated PUK

iii. Complement fixation, antinuclear antibodies (ANA)—to rule out SLE

iv. Antineutrophil cytoplasmic antibody (ANCA) — to rule out Wegener’s
granulomatosis

v. Circulating immune complexes, liver function tests
vi. VDRL and fluorescent treponemal antibody absorption (FTA-ABS)
tests—syphilis
vii. Blood urea nitrogen and creatinine
viii. Serum protein electrophoresis
ix. Urinalysis
x. Chest roentgenogram

Xi. Additional testing is done as indicated by the review of systems and
physical examination.
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17. Describe the stepwise management of Mooren’s ulcer.

The overall goals of therapy are to arrest the destructive process and to
promote healing and re-epithelialization of the corneal surface. Most experts
agree on a stepwise approach to the management of Mooren’s ulcer,
which is outlined as follows:

a. Topical steroids
Controlling inflammation by topical 1% prednisolone acetate in an hourly
basis and tapering it over time, depending on the clinical response. This
has to be supplemented with cycloplegic agents and anti-inflammatory
drugs to reduce pain and inflammation

b. Conjunctival resection

c. Systemic steroids and immunosuppressives
Prednisolone (1mg/kg body wt) after assessing systemic factors like
diabetes mellitus, tuberculosis and other immunosuppressive diseases.

d. Additional surgical procedure (tectonic grafting)
e. Rehabilitation.

18. When is conjunctival resection advocated?

If the ulcer progresses despite the steroid regimen, conjunctival resection
should be performed.

19. What is the rationale for performing conjunctival resection?

The rationale of this procedure is that the conjunctiva adjacent to the ulcer
contains inflammatory cells that may be producing antibodies against the
cornea and cytokines which amplify the inflammation and recruit additional
inflammatory cell.

20.How is conjunctival resection performed?

Under topical and subconjunctival anesthesia, this consists of conjunctival
excision to bare sclera extending at least 2 clock hours to either side of
the peripheral ulcer, and approximately 4 mm posterior to the corneoscleral
limbus and parallel to the ulcer. The overhanging lip of ulcerating cornea
may also be removed. Postoperatively, a firm pressure dressing should be
used.

21. What are other surgical procedures advocated at the second step?
Cryotherapy of limbal conjunctiva, conjunctival excision with thermo-
coagulation, keratoepithelioplasty, application of isobutyl cyanoacrylate.
22. What is keratoepithelioplasty?

In this procedure, donor corneal lenticles are sutured onto the scleral bed
after conjunctival excision.

23.What is the rationale of keratoepithelioplasty?

It is postulated that the lenticles form a biological barrier between host
cornea and the conjunctiva and the immune components it may carry.
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24. When is systemic immunosuppression indicated?

The cases of bilateral or progressive Mooren’s ulcer that fail the preceding
therapeutic attempts will require systemic cytotoxic chemotherapy to bring
a halt to the progressive corneal destruction.

25.What are the agents commonly used for systemic immuno-
suppression?

The most commonly used agents are cyclophosphamide (2 mg/kg/day),
methotrexate (7.5 to 15 mg once weekly), azathioprine (2 mg/kg body
weight/day) and oral cyclosporine A (10 mg/kg/day).

26. When is superficial lamellar keratectomy done and how is it useful?

It is done when all the steps of management fails. It arrests the inflammatory
process and allows healing of stroma. After healing, corneal grafting can
be done on a later date.

27.When is PKP done in cases of Mooren’s ulcer?

An initial tectonic graft is done in the peripheral cornea to strengthen the
peripheral cornea. In case the central cornea is involved, a large graft can
be performed.

28.How is PKP done in these patients?

In these patients, a 13 mm tectonic corneal graft is first sutured in place
of interrupted 10-0 nylon or prolene sutures with the recipient bite extending
into the sclera so that the suture will not pull through the thin host cornea
and then a 7.5 or 8.0 mm therapeutic graft is placed.

29. What are the common complications of PKP?

Associated cystoid macular edema and glaucoma may cause defective
vision in patients undergoing PKP.
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2.10. BAND-SHAPED KERATOPATHY

1. What are the normal age-related changes of cornea?

i. Flattening in the vertical meridian, leading to increased astigmatism
(against the rule)

ii. Decrease in thickness of cornea

ii. Increase in the thickness of Descemet’s membrane

iv. Arcus senilis

v. Decrease in the endothelial cell count and decrease in luster.

2. What is band-shaped keratopathy?

Deposits of calcium and hydroxyapatite in the basement membrane of
epithelium, Bowman’s and superficial stroma, usually in the interpalpebral
area is called as band-shaped keratopathy (also known as band keratopathy).

3. What are the causes of band keratopathy?

I. Chronic ocular disease
— Chronic non-granulomatous uveitis—juvenile rheumatoid arthritis

Prolonged glaucoma (absolute)
Longstanding corneal edema
Phthisis bulbi
Spheroidal degeneration Norrie’s disease—interstitial keratitis
Il. Hypercalcemia

— Hyperparathyroidism—primary and tertiary

— Vitamin D excess

— Milk alkali syndrome

— Sarcoidosis
lll. Normocalcemia—with elevated serum phosphorus
IV. Hereditary with or without other anomalies

V. Idiopathic
VI. Chronic exposure to mercury
— Vapors

— Eyedrops due to the preservative phenyl-mercuric nitrate/acetate
occurs only after months or years of usage. Can be central or
peripheral

VIl. Hereditary
VIII. Silicon oil instillation in aphakic eye.

4. What is the pathogenesis of band-shaped keratopathy?

Deposits often begin in the periphery and extends to involve the visual
axis, thus occupying the interpalpabral area. The deposits are central in
cases of chronic ocular inflammation.

Precipitation of calcium salts are due to:
i. Increase in Ca and P levels
ii. Increase in pH due to uveitis, evaporation of tears and loss of Ca.
ii. Concentration by evaporation and thus dry eye is a predisposing factor.
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Whole process is compounded by lack of blood vessels, hence preventing
the buffering ability of blood serum to inhibit variations in tissue pH

Small holes are noticed throughout representing areas in which corneal
nerves penetrate Bowman’s layer giving a “swiss cheese appearance.”

5. What are the histopathologic findings in a case of band
keratopathy?
i. Basophilic staining of the basement membrane of the epithelium.
ii. Calcium deposits in the Bowman’s and anterior stroma, which coalesce
resulting in fragmentation and destruction of Bowman’s membrane
iii. The deposits are initially gray and flat. But with progression they
become white and elevate the epithelium.
iv. The calcium is deposited intracellularly in systemic hypercalcemia
v. Fibrous pannus separates the Bowman’s and epithelium.

6. What are the signs and symptoms of band keratopathy?
Early stages—Asymptomatic

Late stages:
a. Decrease in visual acuity due to
0 In transparency
Band across the papillary area
b. Irritation and foreign body sensation when the deposits either break
or elevate the epithelium
— Tearing and photophobia
— Calcium may flake off

7. What are the differential diagnoses of band keratopathy?

i. Calcareous degeneration of cornea is a similar process that involves
all layers of cornea.

ii. Phthisis bulbi

iii. Intraocular neoplasm

iv. Extensive trauma.

8. What are the indications of treatment?

When visual acuity is decreased
Mechanical irritation of lids
Epithelial breakdown.

9. What are the methods of treatment?

Treat the cause of the disease, if known. In addition, the following may
be done:

Method — |
= 4% cocaine applied over the cornea. Cocaine facilitates the removal of
epithelium.
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s EDTA (Ethylene diamine tetra-acetic acid) is dropped from a 1.5 cm
syringe well, and allowed to stand for a minute.

= Cornea is then scraped with kimura spatula or scalpel blade until the
band is removed

Method - Il
s EDTA is placed on a small strip of cellulose sponge.
= Diamond bud is used to polish off the cornea.

If there is no EDTA just anesthetize the cornea and scrape with blade until
all gritty feeling material is removed.

Patching in the form of soft contact lenses and collagen shields along with
cycloplegics and mild antibiotic are used until re-epithelialization.

Excimer laser phototherapeutic keratectomy can be tried only on smoother
lesions.
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2.11. ADHERENT LEUKOMA

1. What are the types of corneal opacities?

i. Nebular (Nebula) corneal opacity is slight opacification of cornea
allowing the details of iris and pupil to be seen through corneal
opacity

ii. Macular (Macula) corneal opacity: It is more dense than nebular
corneal opacity, through it details of iris and pupil cannot be seen but
margins can be seen

iii. Leukomatous (Leukoma) corneal opacity: It is very dense, white
totally opaque obscuring view of iris and pupil totally.

2. What is adherent leukoma?

= Itis a leukomatous opacity in which the iris tissue is incarcerated within
the layer of cornea.

3. What are causes of adherent leukoma?

i. Perforated corneal ulcer
ii. Penetrating injury
iii. Operating wound

4. What is the mechanism of development of an adherent leukoma?

In a cornea which is structurally weak, either due to acute infection or old
scar with thinning, the following events might take place

Sudden exertion while sneezing and coughing
2
Acute rise of IOP
2

Weak floor of ulcer is unable to support their pressure

Perforated ulcer
l

Thereby sudden escape of aqueous

Sudden fall in IOP
\
Iris lens diaphragm moves forwards and comes in contact with the
back of the cornea.

5. What are signs and symptoms of adherent leukoma?

Symptoms: Visual acuity is decreased if the adherent leukoma affects
the central visual axis. In case of peripheral lesions, there may be a
chance of astigmatism.
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Signs:

i. Corneal surface is flat, leukomatous and has decreased corneal
sensation

ii. There may be brown pigments dispersed from the iris on the back
of the cornea

iii. The depth of the anterior chamber is irregular

iv. The pupil is irregular in shape and drawn towards the adhesion

v. The intraocular pressure may be raised.

6. What are the other complications associated with adherent leukoma?

i. Perforation

ii. Pseudocornea formation
iii. Staphyloma formation
iv. Ectatic cicatrix

v. Atheromatus ulcer

vi. Endophthalmitis

vii. Panophthalmitis
viii. Expulsive hemorrhage
ix. Phthisis bulbi.

7. What are the advantages of perforation in a case of corneal ulcer?

i. Pain is reduced due to lowering of IOP and egress of hypopyon
ii. Rapid healing of the ulcer.

8. What are the reasons of phthisis bulbi?

i. Large perforation may cause extrusion of the contents of the eyeball
leading to shrinkage

ii. Repeated corneal ulcer perforations may be sealed by exudates
which may leak leading to fistula formation.

9. How do you do tatooing?

i. After removing the epithelium, a piece of blotting paper of the same
size as the opacity, soaked in fresh 2% platinum chloride solution,
is kept over the opacity.

ii. On removing this filter paper, few drops of fresh 2% hydrazine hydrate
solution are applied over the area which in turn becomes black.

iii. Eye is washed with saline.
iv. A drop of parolein is instilled and a pad and bandage applied.
v. The epithelium grows over the black colored deposit of platinum.

10. What is the treatment of choice of adherent leukoma?

i. Optical iridectomy
ii. Penetrating keratoplasty
iii. Tatooing and synechotomy.

11. What is treatment for anterior staphyloma?

i. Staphylectomy
ii. Enucleation and prosthesis fitting.
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12. What is the treatment for corneal fistula?

i. Cyanoacrylate glue application
ii. Bandage contact lens
ii. Penetrating keratoplasty.

13. What is treatment of choice for panophthalmitis?
= Evisceration and prosthesis

Anterior Leukoma Adherent Anterior
synechia Leukoma staphyloma
e Definition Adhesion Dense white Adhesion Adhesion
between iris opacity of between between
and cornea cornea iris and iris and ectatic
leukoma leukoma
e Etiology e Perforated e Healed e Perforated e Perforated
corneal ulcer corneal ulcer corneal ulcer corneal ulcer
e Iridocyclitis e Healed e Penetrating e Penetrating
e Closed angle keratitis injury injury
glaucoma e Penetrating e Operating e Operating
injury wound wound
*FB
e Corneal
dystrophy
e Visual acuity | Normal Impaired Impaired Impaired
e Corneal Flat Flat Flat Ectatic
surface
e Pigments Nil Fine yellowish | Brown pigment | Brown pigment
brown lines from iris are from iris
in the present are present
epithelium,
e Anterior Normal or Normal Irregular or Absent or
chamber shallow shallow very shallow
e Pupil Normal Normal Drawn towards | Not seen
adhesion
e Corneal Normal Impaired Impaired Impaired
Sensation
e Intraocular Normal or Normal Normal or Raised
tension raised raised
(Closed angle (Secondary
glaucoma) glaucoma)
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2.12. BOWEN’S DISEASE

1. What are the old terms to describe Bowen’s disease?

i. Intraepithelial epithelioma
ii. Bowenoid epithelioma.

2. What are the new terms?

i. Ocular surface squamous neoplasia (OSSN)
ii. Conjunctival intraepithelial neoplasia (CIN)
iii. Corneal intraepithelial neoplasia.

3. What is the common site of involvement?
Interpalpebral fissure, mostly at limbus.

4. How does Bowen'’s disease present?

Typically, a patient presents with an isolated, slightly elevated,
erythematous lesion with well demarcated borders that fail to heal. Lesion
has appearance of a second degree burn, does not bleed or itch and is
devoid of hairs.

5. What are the clinical forms of Bowen’s disease?
i. Gelatinous
ii. Papilliform
iii. Leukoplakic
iv. Nodular
v. Diffuse.

6. Which form masquerades as chronic conjunctivitis?
Diffuse form.

7. What are the risk factors?
i. Exposure to sunlight
ii. Human papilloma virus
iii. Chronic inflammatory diseases—benign mucous membrane
pemphigoid, chronic blepharoconjunctivitis
iv. Ocular surface injury

v. Exposure to chemicals—trifluridine, arsenic, petroleum products,
cigarette smoking

vi. HIV
vii. Solar keratosis.

8. What is limbal transition zone/stem cell theory?

Cells in limbal area have highly proliferating and long living property. Any
alteration in this area causes abnormal maturation of conjuctival and corneal
epithelial cells leading to OSSN.
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9. How do you differentiate squamous dysplasia from carcinoma
in situ?
Squamous dysplasia: Atypical cells involve only part of epithelium

Carcinoma in situ: Atypia involves throughout epithelium, not involving
the basement membrane.

10. What is the histopatholgical hallmark of Bowen’s disease?

Histopathological hallmark of Bowen’s disease is lack of penetration of
cancerous cells into the dermis.

11.How does squamous cell carcinoma present?

Average age of presentation of squamous cell carcinoma between 68-73
years, but primary squamous cell carcinoma in younger patients may be
seen in those who are immunosuppressed.

They may present as:
i. Painless plaque/nodules with variable degree of scale, crust and
ulceration.
ii. Papillomatous growths/cutaneous horns/cysts along the lid margins.

12. What are various histopathological types of OSSN?

i. Dyspastic lesions
ii. Carcinoma in situ
iii. Squamous cell carcinoma
iv. Spindle cell variant
v. Mucoepidermoid carcinoma
vi. Adenoid squamous carcinoma.

13. Describe spindle cell variant.

It exhibits spindle shaped cells that may be difficult to distinguish from
fibroblasts. Positive immunohistochemical staining for cytokeratin confirms
epithelial nature.

14. Describe mucoepidermoid carcinoma.

It is a variant of conjunctival squamous cell carcinoma that in addition to
squamous cells shows mucous secreting cells (stain positively with special
stains for mucopolysaccharides such as muciramine, alcian blue, and
colloidal iron.)

15. Describe adenoid squamous cell carcinoma.

It is an aggressive variant with extracellular hyaluronic acid but no
intracellular mucin and invades eyeball. Metastasis to distant sites is
common.

16. From where does corneal OSSN arise?

It is controversial. Some investigators suggest that corneal epithelium
may undergo dysplastic and cancerous changes, whereas others believe
that origin is in limbus.
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17.When do you suspect intraocular invasion?

It is often heralded by the onset of low grade inflammation and secondary
glaucoma. It is common in older patients.

18. What are the common sites of metastasis?

i. Preauricular, submandibular, cervical lymph nodes
ii. Parotid

iii. Lungs

iv. Bones

v. Distant organs.

19. What is exfoliative cytology?

Using a platinum spatula, brush and cotton wool tip, cells are obtained
from conjunctival surface, followed by Papanicolaou and Giemsa stains.

20. What are advantages and disadvantages of exfoliative cytology?

Advantages
i. Nature of lesion—benign or malignant
ii. Sampling from multiple sites
iii. DNA of cells can also be obtained.

Disadvantages
i. Superficial nature of sample, sometimes containing only keratinized
cells.

21.What is impression cytology?

It is a method of obtaining cells from conjunctival lesions in which filter
paper such as cellulose acetate, millipore filter or biopore membrane are
placed over ocular surface to sample superficial cells and then stained by
Papanicolaou smear.

22. What is the treatment?
Localized lesion: Excision with autologous conjunctival or limbal
transplantation or amniotic membrane graft (Mohs micrographic technique)

Diffuse

i. Topical mitomycin 0.02% twice a day for 15 days followed by a

relapsing period

5-FU

ii. Interferon (alternative or adjunct to surgery)

iii. Very large tumors—enucleation

iv. Orbital involvement—exenteration.
23. What are the other treatment modalities available?

i. Cryotherapy
ii. Brachytherapy.
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24.What is the mechanism of cryotherapy?

It obliterates micro circulation by lowering temperature within tissues
resulting in ischemic necrosis of tumor cells.

25. What are the side effects of cryotherapy?

i. lIritis

ii. Increase or decrease in intraocular pressure
iii. Inflammation

iv. Edema and corneal scarring

v. Sector iris atrophy

vi. Ablation of peripheral retina

vii. Ectropion
viii. Superficial corneal vascularization

26.What are the commonly used radioactive materials in brachy-
therapy?

i. Strontium 90
ii. Ruthenium 106
iii. Gamma radiation.

27.What are the complications of brachytherapy?

i. Conjunctivitis

i. Dry eye

iii. Scleral ulceration
iv. Corneal perforation
v. Cataract.
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2.13. KERATOCONUS

1. Name a few corneal ectatic conditions.

Keratoconus, keratoglobus, pellucid marginal degeneration, Terrien’s
marginal degeneration.

2. What are the signs of keratoconus?

A. External sighs
Munson’s sign
Rizzuti phenomenon
B. Slit lamp findings
Stromal thinning
Posterior stress lines (Vogt's striae)
Iron ring (Fleischer’s ring)
Scarring—epithelial or subepithelial
C. Retroillumination signs
Scissoring on retinoscopy
Oil droplet sign (“Charleaux”)
D. Photokeratoscopy signs
Compression of mires inferotemporally
(“egg-shaped” mires)
Compression of mires inferiorly or centrally
E. Videokeratography signs
Curvature map
Localized increased surface power > 47D
Inferior superior dioptric asymmetry > 1.4D
Relative skewing of the steepest radial axes above and below the
horizontal meridian
Elevation map
Maximum elevation difference in posterior float > 50 p
Pachymetry map
Thinnest < 480 p.

3. Which gender is commonly affected by keratoconus?
Keratoconus has been seen a bit more commonly in males than in females.

4. What are the biochemical alternations seen in corneas with
keratoconus?

Various abnormalities suggested include:

i. Decreased levels of glucose-6-phosphate dehydrogenase (G6PD)

ii. Relative decrease in hydroxylation of lysine and glycosylation of
hydroxylysine

iii. Decrease in total collagen and a relative increase in structural
glycoprotein

iv. In patients with keratoconus, keratan sulfate is decreased and its
structure is modified
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v. The ratio of dermatan sulfate to keratan sulfate is increased in keratoconus
vi. Decrease in matrix metalloproteinase (MMP) inhibitors leading on to
increased collagenolytic acitivity
vii. There is a decreased level of a1 proteinase inhibitor, tissue inhibitor
of metalloproteinase (TIMP)-1 and o2 macroglobin levels in
keratoconus cornea
viii. The loss of anterior stromal keratinocytes is due to apoptotic cell
death
ix. Keratinocytes have fourfold increased expression of interleukin-1 (IL1)
receptors. Interleukin-1 is released from epithelial and endothelial
cells and IL-1 can cause loss of keratinocytes through apoptosis and
loss of corneal stroma over a period of time.

5. What is Munson’s sign?

Munson’s sign is a V-shaped conformation of the lower lid produced by the
ectatic cornea in down gaze.

6. What is Rizzuti’s sign?

Conical reflection on the nasal cornea when a penlight is shown from the
temporal side.

7. What are Vogt’s striae?

Vogt’s striae are fine vertical lines in the deep stroma and Descemet’s
membrane that parallel the axis of the cone and disappear transiently on
gentle digital pressure.

8. What are Fleischer’s rings?

The Fleischer ring is a yellow-brown to olive-green ring of pigment, which
may or may not completely surround the base of the cone. The deposition
occurs at the level of basal epithelium. Locating this ring initially may be
made easier by using a cobalt filter and carefully focusing on the superior
half of the corneal epithelium. Once located, the ring should be viewed in
white light to assess its extent.

9. What is the clinical significance of Fleischer’s ring?

It delineates the extent of the base of the cone of the keratoconus, which
helps to mark the recipient during the penetrating keratoplasty.

10. What is acute hydrops?

The acute hydrops is caused by breaks in Descemet’'s membrane with stromal
imbibition of aqueous through these breaks. The edema may persist for
weeks ormonths, usually diminishing gradually, with relief of pain and resolution
of the redness and corneal edema ultimately being replaced by scarring.

11.How is acute hydrops treated?

Acute hydrops is not an ophthalmic emergency and is treated conservatively
with topical hypertonic agents, patching or soft contact lens and mild
cycloplegics. The edema usually resolves within a few months.
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12. What is the visual prognosis following healing of acute hydrops?

Acute hydrops usually heals by scarring. The scarring can flatten the
cornea and decrease the astigmatism. The flattened cornea can be fitted
with a contact lens easier.

13. Describe scissoring reflex on retinoscopy.

Scissoring reflex is appreciated well with dilated pupil. The central part of
the cone is hypermetropic with regards to its periphery which is myopic.
The scissoring reflex is produced due to presence of two conjugate foci
in pupillary axis and high astigmatism.

During retinoscopy when the neutralization point is approached, the
central zone produces a hypermetropic reflex which moves with the streak
and the peripheral zone produces a myopic reflex which moves against
the streak which produces the appearance of scissoring reflex.

14. Describe oil droplet sign.

It is seen with a dilated fundus examination. It is an annular dark shadow
separating the bright reflex of the central and peripheral areas. It occurs
due to complete internal reflection of the light.

15. What is swirl staining of cornea?

Swirl staining may occur in patients who have never worn contact lenses
because basal epithelial cells drop out and the epithelium slides from the
periphery as the cornea regenerates. Thus, a hurricane, vortex or swirl
stain may occur.

16. What is forme-fruste keratoconus?

Forme fruste-keratoconus or subclinical keratoconus is a clinical entity in
which there is no frank clinical sign of keratoconus. However, the cornea
is at risk of developing keratoconus at a later stage and can be diagnosed
only by videokeratography. Cornea is considered suspicious when:
i. The central keratometry is more than 47.0D
ii. There is presence of an oblique astigmatism of >1.5D and
iii. Superior-inferior curvature disparity of >1.4D on videokeratography.
iv. The Massachusetts Eye and Ear Infirmary Keratoconus classification
is currently used to detect cases of forme-fruste keratoconus and
variable grades of clinical keratoconus.

17. What are the systemic disorders associated with keratoconus?

i. Crouzon’s syndrome

ii. Down’s syndrome

iii. Laurence-Moon-Bardet-Biedl syndrome
iv. Marfan’s syndrome

v. Nail-patella syndrome

vi. Neurofibromatosis
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vii. Osteogenesis imperfecta
viii. Pseudoxanthoma elasticum
ix. Turner's syndrome

X. Xeroderma pigmentosa.

18. What are the ocular associations of keratoconus?
Can be classified into corneal disorders and noncorneal disorders.

Corneal disorders Noncorneal disorders

Atopic keratoconjunctivitis Retinitis pigmentosa
Axenfeld’s anomaly Vernal conjunctivitis

Corneal amyloidosis Congenital cataracts
Essential iris atrophy Leber’s congenital amaurosis
Fuch’s corneal dystrophy Gyrate atrophy

Microcornea Posterior lenticonus

Lattice dystrophy Aniridia

19. Why is keratoconus commonly associated with Leber’s congenital
amaurosis and Down’s syndrome?

These two disorders are associated with increased incidence of eye rubbing.
This is due to increased incidence of blepharitis in Down’s syndrome and
oculodigital sign in Leber’'s congenital amaurosis. Recent study by Elder
suggests that the association might be due to genetic factors rather than
eye rubbing.

20. What is the role of contact lens wear in causing keratoconus?

Contact lenses are suggested as a source of mechanical trauma to the
cornea. It is extremely difficult to determine which came first, the contact
lens wear or the keratoconus. It is possible that mechanical rubbing and
hard contact lens wear can act as environmental factors that enhance the
progression of the disorder in genetically predisposed individuals.

21.Describe the three types of cones seen in keratoconus.

A. Nipple cone—small in size (< 5 mm)
i. Steep curvature
ii. Apical centre usually lies central or paracentral
iii. Easiest to fit with contact lens
B. Oval cone—larger (5—-6 mm) ellipsoid displaced inferotemporally.
C. Globus cone—larger (> 6 mm) may involve more than 75% of the cornea.
i. Most difficult to fit with contact lenses.

22.What is posterior keratoconus?

Is a congenital corneal anomaly unrelated to keratoconus which is
characterized by protrusion of posterior corneal surface into the stroma
and is usually sporadic, unilateral and nonprogressive.
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23. What are Rabinowitz’s criteria for diagnosis of keratoconus?

i. Keratometry value > 47.2D

ii. Steepening of inferior cornea compared with the superior cornea of
> 1.2D

iii. Skewing of the radial axis of astigmatism by greater than 21D

iv. Difference in central power of more than 1D between the fellow
eye.

24.Describe the histopathology of corneas in keratoconus.

Thinning of corneal stroma, breaks in Bowman’s layer and deposition of
iron in the basal layer of the corneal epithelium comprise a triad of the

cl

A.

E.

assic histopathologic features found in keratoconus.

Epithelium—Degeneration of basal cells
Breaks accompanied by downgrowth of epithelium into Bowman’s
layer
Accumulation of ferritin particles within and between basal epithelial
cells
. Bowman’s layer—Breaks filled with eruptions of underlying stromal
collagen
Reticular scarring
. Stroma—Compactions and loss of arrangement of fibrils in the anterior
stroma
Decrease in number of collagen lamellae

. Descemet’s membrane—Rarely affected except in cases with acute
hydrops

Endothelium—Usually normal.
25. Classify keratoconus based on keratometry.
i. Mild < 45D in both meridians
ii. Moderate 45-52D in both meridians
iii. Advanced > 52D in both meridians
iv. Severe > 62D in both meridians.

26.How is a case of keratoconus managed?

i. Glasses
ii. Contact lenses
iii. Collagen cross linking
iv. Intracorneal rings
v. Deep anterior lamellar keratoplasty (DALK)
vi. Penetrating keratoplasty (PKP)
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27.What are the various types of contact lenses used in the
management of keratoconus?

i. Rigid gas permeable contact lens
ii. Tricurve flex lens for nipple cone
iii. Soper lens system
iv. McGuire lens system
v. Rose K design
vi. Nicone design
vii. Bausch and Lomb C series
viii. Double posterior curve lenses
— One central curve to fit the corneal apex
— Another flatter curve peripheral to the central apical zone to fit the
mid corneal periphery
ix Piggy back lenses—gas permeable firm lens is fitted upon a soft
lens or flex lens system of a hard lens fitted in to the groove of a
soft lens.
Hard lens with a soft peripheral skirt.

28.What is ‘three point touch’ technique of contact lens fitting?

The lens lightly touches the peak of the cone, then a very low vault over
the edges of the cone, and lastly a thin band of touching near the edge
of the lens. The name “three-point touch” refers to the edge-peak-edge
pattern of the lens touching the cornea. The lens is kept as small as is
optically possible. Since the lens will center itself over the peak of the
cone, an off-center cone needs a bigger lens than a centered cone.

29. What is the fluorescein pattern of a well-fit lens in a keratoconus
patient?
i. Slight central bearing
ii. Intermediate pooling of tears
iii. Peripheral bearing or touch over some portion of the lens
circumference and perhaps slight peripheral lift at the steepest site
of the cone.

30. What are SoftPerm lens?

The SoftPerm lens is a hybrid lens with a rigid, gas-permeable center
surrounded by a soft, hydrophilic skirt. This lens may be indicated for
patients with displaced corneal apexes or for patients who cannot tolerate
rigid lenses. However, in advanced keratoconus, in which a lens of larger
diameter is useful, the lack of steep base curves in the SoftPerm lens (its
steepest base curve is 6.5 mm) limits performance. In addition, the lens
material has a low DK value (rigid lens, 14 DK; soft portion, 5.5 DK).

31.What is Soper lens system?

The objective of the Soper lens system is based on sagittal depth. The
principle is that a constant base curve with an increased diameter results
in increased sagittal depth and a steeper lens. The lenses included in the
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fitting set are categorized as mild (7.5 mm diameter, 6.0 mm optic zone
diameter), moderate (8.5 mm diameter, 7.0 mm optic zone diameter), and
advanced (9.5 mm diameter, 8.0 mm optic zone diameter). The initial trial
lens is selected on the basis of degree of advancement of the cone. The
more advanced the cone, the larger the diameter of the recommended
lens; the smaller and more centrally located the apex, the smaller the
diameter of the lens.

32. What is thermokeratoplasty?

Thermokeratoplasty is corneal flattening by heat application, which may
regularize the corneal surface. It is often used to flatten the cornea at the
time of keratoplasy to make trephining easier.

33. What is epikeratoplasty?

A corneal lenticule is sewn over the keratoconus area, flattening the cone,
reducing the myopic astigmatism and improving contact lens fit. It is
preferred in conditions like Down’s syndrome because of its noninvasive
nature and decreased potential for corneal graft rejection.

34. What is excimer laser phototherapeutic keratectomy?

It is useful in management of patients with keratoconus who have nodular
subepithelial corneal scars who are contact lens intolerant.

35. Why is prognosis of PKP good in cases of keratoconus?

i. Absence of vascularization in the lesion
ii. Keratoconus is a non-inflammatory ectatic condition.

36. What is collagen cross linkage?

Corneal collagen cross-linking using riboflavin is a noninvasive procedure
which strengthens the weak corneal structure in keratoconus.

This technique works by increasing collagen cross-linking, which are the
natural “anchors” within the cornea. Riboflavin eye drops are applied to the
cornea, which is then activated by a ultraviolet (UVA) light. This increases
the amount of collagen cross-linking in the cornea and strengthens the
cornea. The technique uses riboflavin to create new bonds between the
adjacent collagen molecules so that the cornea is about one-and-a-half
times thicker and less malleable.

37.Explain the mechanism of action of collagen cross linkage.

Application of riboflavin on the cornea along with penetration for approxi-
mately 200 pm and irradiation of the riboflavin molecules through UVA
leads to loss of the internal chemical balance of the riboflavin molecules,
producing oxygen free radicals. The riboflavin molecule becomes unstable
and stabilizes only when it is linked to two collagen fibrils. A cross bridge
is created between the collagen fibrils (i.e. cross-linking) to produce a
general strengthening of the cornea.
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38.Compare and contrast the clinical features of keratoconus,
keratoglobus and Terrien’s marginal degeneration?

keratoplasty

Keratoconus Keratoglobus Terrien’s Pellucid
Age group Progress Presents at Presents Presents
during at birth at 4 to 5th between 2-3rd
adolescence decade decade
Appearance Progressive Globular Begins Causes inferior
thinning of deformation superiorly thinning of
central/para- of entire and spreads cornea
central cornea cornea circumferentially
Vascularization| Absent Absent Forms pannus Absent
Familial Most cases Dominant Sporadic Sporadic
inheritance are sporadic inheritance
with incomplete
penetrance
Laterality Bilateral, Bilateral, Unilateral or Bilateral
usually usually asymmetrically
asymmetrical asymmetrical bilateral
Prognosis Very favorable Poor prognosis | Good prognosis |Moderate
after PKP prognosis after lamellar

39. Which are surgical options for keratoconus treatment?

i. Deep anterior lamellar keratoplasty (DALK)—Replaces only the stroma
upto Descemet’s membrane.
Advantages—Reduced chances for immune rejection since the
endothelial layer is preserved.
Disadvantage—Technically difficult procedure.
Visual quality may be inferior to PK because of interface irregularities
and astigmatism.

ii. Intracorneal ring segment insertion

iii. Penetrating keratoplasty—In the presence of Descemet’s scarring
DALK cannot be done. A penetrating keratoplasty is the only choice

for visual rehabilitation.

40. What are intracorneal rings?

Intracorneal ring segments are PMMA/silicon semicircular rings which are
inserted in mid-peripheral stroma, which helps to reduce high refractive
error and provides better fitting of cornea.

41.How do intracorneal rings intacs act?

Insertion of a ring of particular thickness in the mid-peripheral stroma will
increase the thickness and corneal arc diameter. This will act like a
hammock rod to cause central flattening. Two half ring segments are
inserted on either side of the cone.
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42. What are the causes of prominent corneal nerves?

Ocular causes:
i. Keratoconus
ii. Fuch’s dystrophy
iii. Congenital glaucoma

Systemic causes:
i. Leprosy
ii. Neurofibromatosis
iii. Multiple endocrine neoplasia.
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2.14. STROMAL DYSTROPHIES—CORNEA

1. What is the meaning of word dystrophy?

The word dystrophy is derived from the Greek word, dys = wrong, difficult;
trophe = nourishment.

2. Define corneal dystrophy.

Corneal dystrophies are a group of inherited corneal diseases that are
typically bilateral, symmetrical, and slowly progressive and without
relationship to environmental or systemic factors, causing loss of clarity
of one or more layers of cornea.

3. Define corneal degenerations.

Corneal degenerations may occur from physiological changes occurring
from aging, or may follow an environmental insult such as exposure to
ultraviolet light or secondary to a prior corneal disorder.

4. What are the differences between corneal dystrophy and
degenerations?

Dystrophy Degenerations
1 | Bilateral and symmetric Unilateral or bilateral
2 | Heriditary Sporadic
3 | Appears early in life Occurs late in life and are considered

as aging changes

4 | Non-inflammatory Inflammatory

5 | Avascular and located centrally | Often eccentric and peripheral and are
related to vascularity

6 | Usually painless except in Mostly associated with pain
recuurent epithelial erosions

7 | Systemic associations are rare Local and systemic conditions are
common association

5. Classify corneal dystrophies.

Classification according to the layers of cornea involved (anatomic) is
most often used. Other classifications are based on genetic pattern, severity,
histopathologic features or biochemical characteristics.

Layer Descriptive term

Epithelium 1. Epithelial basement membrane dystrophy (EBMD)
(Map-dot fingerprint, Cogan’s microcystic)
2. Messman’s (Juvenile epithelial) dystrophy

Bowman’s layer | 1. CDB | & Il
Reis-Bucklers dystrophy
(Corneal dystrophy of Bowman’s layer, type I)

Contd...
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Contd...
Layer Descriptive term

Theil-Behnke dystrophy

(Corneal dystrophy of Bowman’s layer, type Il)
Stroma 1. Granular dystrophy

Type |

Type Il

2. Lattice dystrophy
Type | (Biber-Haab-Dimmer)
Type Il (Meretoja syndrome)
Type 1l
Avellino corneal dystrophy (Combined granular-lattice)
4. Macular dystrophy

Type |

Type Il
5. Gelatinous drop like dystrophy
(Primary familial amyloidosis)
Schnyder crystalline corneal dystrophy
Fleck dystrophy
Central cloudy dystrophy of Francois
Congenital hereditary stromal dystrophy

2

Endothelium Posterior polymorphous dystrophy (PPMD)
Fuch’s hereditary endothelial dystrophy
Congenital hereditary endothelial dystrophy

(CHED | & II')

PP 2o

6. What is the age of presentation of the corneal dystrophies?

Most dystrophies become clinically apparent by second decade of life.
There are some that may present in the first few years of life like epithelial
basement membrane dystrophy and others like Fuch’s dystrophy, which
may not become symptomatic until very late in life.

7. What is the mechanism of decreased vision in dystrophies?

i. Intraocular light scattering in the initial stages
ii. Disruption of geometric image caused by the corneal deposits and
by the anterior corneal surface
iii. Recurrent corneal erosions and resultant subepithelial scarring
iv. Opacities causing obstruction to light
v. By affecting normal endothelial function as in CHED, Fuch’s
dystrophy, etc.

8. What are the types of dystrophies affecting vision?

i. Macular dystrophy
ii. Lattice dystrophy
iii. Central crystalline
iv. Congenital hereditary endothelial dystrophy
v. Fuch’s dystrophy
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9. What are the types of dystrophies not affecting vision?

i. Granular
ii. Fleck dystrophy.

10. What are the modes of inheritance of corneal dystrophies?

Most of them are inherited as autosomal dominant except
i. Macular (autosomal recessive)

i. Congenital hereditary endothelial dystrophy (type Il)
ii. Posterior polymorphous (rarely autosomal recessive)
v. Type lll lattice (recessive).

11.What is the frequency of recurrence of stromal dystrophy in a
graft?

Among the stromal dystrophies frequency of regraft is highest in lattice
dystrophy, followed by granular dystrophy, and then macular dystrophy. Of
all the dystrophies the recurrence is very high for Gelatinous drop like
dystrophy.

12. Why is Avellino corneal dystrophy named so?

Itwas originally described in a smallnumber of families who traced their roots
toaplace Avellino, in Italy. Itisacombination of lattice and granular dystrophies.

13.How is granular dystrophy inherited?

An autosomal dominant transmission with variable expression. Linked to
chromosome 5931, along with lattice, Avellino and Reis-Bucklers dystrophy.

14. What are the features of granular dystrophy?

i. Bilaterally symmetric and affects the central cornea
ii. Glare and photophobia due to light scatter by the opacities

iii. Vision remains normal in till around 40 years. In an affected patient,
a diffuse, and irregular, ground-glass haze may appear in the superficial
stroma.

iv. Itis characterized by the discrete, white dense; round to oval granular
opacities lie in the relatively clear stroma and form a variety of
patterns, including arcuate chains and straight lines. The intervening
and peripheral areas of cornea are clear.

v. They are characterized by focal extracellular aggregates of eosinophilic
material occupying all levels of the stroma

vi. A mutation in the BIGH3 gene localized to chromosome 5g31 is
responsible for granular corneal dystrophy.

15. What are the differential diagnoses of granular dystrophy?

Paraproteinemia A in a patient with leukemia can produce dense crystalline
deposits in the cornea. Serum protein electrophoresis will show an M
component spike in the patient with paraproteinemic keratopathy.



m ARAVIND FAQs IN OPHTHALMOLOGY

16. Classify lattice dystrophies.

Type Predominant Inheritance Age of onset | Amyloid
corneal protein
location

Type | Central, full Autosomal First-second |AA
thickness dominant decade

Type |l Peripheral Autosomal Third decade|Gelsolin

(coexisting radial pattern |dominant

systemic

amyloidosis)

Type Il Peripheral Autosomal Sixth AP
radial pattern |recessive decade

17. What are the characteristic features of lattice-l dystrophy?

The characteristic translucent lattice lines vary from a few small comma-
shaped flecks to a dense network of large irregular ropy cords that contain
white dots. The white dots and lattice lines consist of amyloid. In the
corneal stroma they form fusiform deposits that push aside the collagen
lamellae. Lattice dystrophy results from abnormal keratocyte synthesis.

18. What are the slit lamp findings in lattice-ll dystrophy?

Coarse translucent stromal lattice lines radiating centrally from the limbus
sparing the central and intervening cornea.

19. What are the systemic features of lattice-ll dystrophy?

i. Slowly progressive cranial and peripheral neuropathy,

ii. Skin changes such as lichen amyloidosis, cutis laxa, blepharo-
chalasis, protruding lips, and mask facies, and, variably ventricular
hypertrophy and polycythemia vera.

20. What are features of lattice-lll dystrophy?

i. Inherited as an autosomal recessive trait and has a late adult onset
ii. The disorder occurs unilaterally or bilaterally
iii. Usually, visual acuity is not greatly affected
iv. The lattice lines are thick and ropy and extend from limbus to limbus
v. Variably sized amyloid deposits accumulate beneath Bowman'’s layer
and in the anterior stroma.

21.What are the components of amyloid?

Their chemical composition is unknown, but pre-albumin, transthyretin AP
protein, and gelsolin (actin-modulating plasma protein, an amyloidogenic
protein), are all associated with the amyloid deposits.

22. Define Avellino dystrophy.

Concurrent granular and lattice dystrophies in the same cornea.
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23.What are the clinical features of combined granular-lattice
dystrophy?

Exhibits an autosomal dominant inheritance pattern and appears in the
first decade of life.

Granular Lattice

The granular lesions resemble the Whiter, and more polygonal or
sharply demarcated, round, focal speculated occur later in life, and
deposits of isolated granular lack the classic glass-red refractile
dystrophy, but they occur early in appearance in retro illumination.
life and may be accompanied by a The lattice deposits appear in
diffuse haze between the granules. middle to posterior stroma

The granular deposits are clustered

in the anterior stroma

24.What are the characteristic features of gelatinous drop like
dystrophy?
i. Gelatinous, drop-like dystrophy is a rare, bilaterally symmetric, primary
familial corneal amyloidosis.
ii. Inherited as an autosomal recessive mapped to chromosome 1p.
iii. The disorder manifests early in life in the first decade.
iv. Presenting symptoms include photophobia, lacrimation, foreign body
sensation, and progressive deteriorating vision.
v. ltis characterized by multiple, subepithelial, gelatinous excrescences
that give the corneal surface a mulberry appearance.
vi. The deposits appear opaque on direct illumination and translucent in
retroillumination. In advanced cased, they are accompanied by
neovascularization.

25. What are the characteristics of macular dystrophy?

i. It is an autosomal recessive disease

ii. It involves both the central and peripheral cornea, and also all the
layers of cornea

iii. Itis a heterogeneous disorder, on the basis of the type of an abnormal
proteoglycan present

iv. This condition requires penetrating keratoplasty earlier than other
stromal dystrophies

v. Recurrence after graft is less common when compared to lattice and
granular dystrophy. The cornea is thinner than normal.

26. Classify macular dystrophy.

Based on the immune histochemical studies macular dystrophy are classified
into two types as:
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Type | Type |l
Most common. The antigenic Antigenic keratin sulfate is both
keratin sulfate are absent from present in serum and cornea

both serum and cornea

Deficiency of sulfo tranferase Dermatan sulfate proteoglycan
enzyme (an enzyme that catalyze molecule is shorter than that of normal
the sulfation of kerato amino- individuals resulting in abnormal
glycans) leads to precipitation packing of collagen fibers

of less soluble keratin chains
in the extracellular matrix causing
loss of transparency

27.What is the substance that forms the stromal opacity in macular
dystrophy?

The stromal opacities correspond to the deposition of abnormal keratin
sulfate proteoglycans.

28.What are the clinical features of central crystalline dystrophy?

i. It is a bilateral disorder with autosomal dominant inheritance.

ii. Itis characterized by deposition of subepithelial corneal crystals that
appear early in life.

iii. Local disorder of corneal lipid metabolism. Pathologically, the opacities
are accumulations of unesterified and esterified cholesterol and
phospholipids.

iv. The crystals are generally deposited in an arcuate or circular pattern
in the anterior, paracentral stroma). When they are relatively dense,
they give the cornea a bull’s eye appearance and may reduce vision.

v. Oil red-O stains the globular neutral fats red whereas the Schultz
method stains cholesterol crystals blue-green.

29. What is the Weiss classification of central crystalline dystrophy
(Schnyder’s crystalline dystrophy)?
Weiss has recommended that this dystrophy be reclassified into two major
clinical types:

i. With superficial stromal cholesterol crystals and

ii. With diffuse full-thickness stromal haze alone.

30. What is Schnyder’s dystrophy sine (without) crystals?

It is a rare dystrophy with diffuse stromal haze only are called Schnyder’s
dystrophy sine (without) crystals.

31.What are associated systemic conditions of central crystalline
dystrophy?

Central crystalline dystrophy can be associated with hyperlipidemia, thyroid
abnormalities and genu valgum.
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32. Describe Bietti’s crystalline dystrophy.

i. Bietti’s crystalline dystrophy is autosomal recessive disorder.

ii. Itis characterized by marginal depositions of numerous, small crystals
in the anterior peripheral corneal stroma and in the paracentral and
peripapillary retina.

iii. Visual acuity is retained throughout its course but pigmentary changes
occur at the fovea and in the retinal periphery which produce poor
dark adaption and paracentral scotomata.

iv. The demonstration of crystals resembling cholesterol and other lipids
suggest a systemic abnormality of lipid metabolism.

33. What are the features of fleck dystrophy?

i. Uncommon nonprogressive stromal dystrophy begins very early in
life and may be congenital. It shows extreme asymmetry.

ii. Affected keratocytes contain two abnormal substances: excess
glycosaminoglycan, which stain with Alcian blue and colloidal iron
and lipids demonstrated by Sudan black and oil red-O.

iii. Discrete flat gray-white dandruff like opacities appear throughout the
stroma to its periphery. Symptoms are minimal and vision is usually
not reduced.

34. What are the features of central cloudy dystrophy of Francois?

Bilateral, symmetrical and slowly progressive stromal dystrophy. Autosomal
dominant inheritance. Extracellular deposition of mucopolysaccharide and
lipid like material has been described.

Clinically opacity is densest centrally and posteriorly and fades both
anteriorly and peripherally. Opacities consist of multiple nebulous, polygonal,
gray areas separated by crack like intervening clear zones. Vision is
usually not reduced.

35. Write short notes on congenital hereditary stromal dystrophy?

i. Autosomal dominant disorder and consists of bilaterally symmetric
central anterior stromal, flaky feathery opacities that are present at
birth.

ii. Congenital hereditary stromal dystrophy is non-progressive but is
often accompanied by searching nystagmus and esotropia.

iii. Histopathologically, the stroma consists of alternating layers of tightly
packed and loosely packed collagen fibrils about 15 nm in diameter.

iv. The treatment of choice is penetrating keratoplasty, although amblyopia
usually limits visually acuity to 20/200.
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36. How to differentiate CHSD and CHED?

CHSD

CHED

Non-progressive condition
Normal corneal thickness and
absence of both epithelial
edema and thickening of
Descemet’s membrane

Progressive in autosomal recessive
condition

Increased corneal thickness to about
two to three times and diffuse gray-
blue ground glass appearance which is
the pathological hall mark of disease

37. What are the various methods of diagnosing corneal dystropies?

i. Transmission electron microscopy—accurate method
ii. Immunohistochemistry—identifies composition of deposits in

dystrophic corneas

iii. Molecular genetics—Using common DNA determinants.

38. Name the substances that are found in various stromal dystrophies.
It can be remembered using the acronym.

Marilyn — Macular

Monroe — Mucopolysacchrides

Always — Alcian blue

Gets — Granular

Her — Hyaline lipoprotein

Man — Masson’s trichrome stain

L — Lattice

A — Amyloid

City — Congo red

Dystrophy Material Stain
Macular Mucology Alcian blue
Granular Hyaline Mucin
Lattice Amyline Congo red

39. What are the stains that are used in stromal dystrophies?
Stain for amyloid in lattice dystrophy:

i. Pink to orange by Congo red.

ii. Alternating red and green color when viewed through a rotating

polarizing filter.

iii. Yellowish green color against black background through two rotating

filters.

iv. Periodic Acid Schiff's and Masson’s trichrome staining can also be

used.

Stain for granular dystrophy (Hyaline lipoprotein):
Masson’s trichrome staining gives bright red color.
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Stain for macular dystrophy (Glycosoaminoglycans or
mucopolysaccharides):

Blue

color on staining with Alcian blue, cuprolinic blue and colloidal iron.

40.How to treat a case of a stromal dystrophy?

Vi.
Vii.

Observation and best corrected refractive correction by spectacles.
Since most of the patients are asymptomatic during their initial stages
of presentation it is better to observe.

. Treatment of symptoms of erosion:

Lubricants

Excimer laser phototherapeutic keratectomy (PTK):

Used to treat the superficial lesions

It can also be used to treat recurrence of granular dystrophy in a
penetrating keratoplasty because the recurrences are almost always
superficial.

. Superficial keratectomy:

Dense superficial juvenile variety can be treated by superficial
keratectomy or lamellar keratoplasty, an advantage because multiple
recurrences can be treated by multiple grafts.

Lamellar keratoplasty

For diseases involving the superficial stroma

Deep lamellar keratoplasty

Penetrating keratoplasty

Indications: When dense opacities and subepithelial connective tissue
reduce visual function to unacceptable levels. But recurrence is
common affecting within five years.

Macular dystrophy requires penetrating keratoplasty earlier than other
stromal dystrophies.

Recurrence after graft is less common in macular dystrophy when
compared to lattice and granular dystrophy.

41.What is the differential diagnosis of congenital corneal opacity?
Acronym for differential diagnosis of neonatal cloudy cornea—STUMPED

S
"

=C

Sclerocornea

Tears in Descemet’'s membrane

Infantile glaucoma—most common cause

Birth trauma

Ulcer: Herpes simplex viral keratitis, bacterial, neurotrophic
Metabolic disorders: Rare—Mucopolysaccharidosis,
mucolipidosis, tyrosinosis

Posterior corneal defect: Posterior keratokonus, Peter’'s
anomaly—most common cause staphyloma

Endothelial dystrophy: Congenital hereditary endothelial dystrophy,
posterior polymorphous dystrophy, congenital hereditary stromal
dystrophy

Dermoid.
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42.What are the conditions that cause recurrent corneal epithelial
erosions?

Primary epithelial dystrophies| Map-dot-fingerprint basement membrane,
Franceschetti’s recurrent epithelial, epithelial
rosette. Meesmann’s epithelial

Stromal and endothelial Reis-Bucklers, gelatinous drop-like, lattice
Dystrophies Fuch’s endothelial
Systemic diseases Epidermolysis bullosa

43.How do you manage of recurrent corneal erosions?

i. Lubricating eye drops and ointments
ii. Epithelial debridement
iii. Bandage contact lenses
iv. Anterior stromal puncture to increase adhesions
v. Excimer laser PTK.
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2.15. FUCH’S ENDOTHELIAL DYSTROPHY

1. What is Fuch’s dystrophy?

Fuch’s dystrophy (combined dystrophy) is defined as a bilateral, non-
inflammatory progressive loss of endothelium that results in reduction of
vision; the key features being guttae, folds in Descemet’s membrane,
stromal edema and microcystic epithelial edema.

2. Describe the epidemiology of Fuch’s dystrophy.
i. Autosomal dominant, occasionally sporadic.
ii. Female preponderance (4:1).
iii. Elderly; onset of symptoms > 50 years.
iv. Increased incidence of POAG (reason unclear).

3. Describe the pathogenesis of Fuch’s dystrophy.

i. The primary cause of the dysfunctional endothelial cells is unknown.

ii. Corneal swelling is thought to result from the loss of Na-K ATPase
pump sites within the endothelium and an increase in permeability.

iii. The deposition of aberrant collagen fibrils and basement membrane
with thickening of Descemet’'s membrane is a result of endothelial
cell transformation to fibroblast like cells.

4. Describe the various hypotheses regarding the pathogenesis of
Fuch’s dystrophy.

i. Believed to be due to an embryonic defect in the terminal induction
or differentiation of neural crest cells resulting in abnormal morphology
of the Descemet’s membrane.

ii. Hormonal influences are suspected as the phenotypic expression is
more severe in women.

iii. Endothelial inflammation secondary to trauma, toxins or infection
results in endothelial cell pleomorphism, and a thickened abnormal
Descemet’s membrane.

5. What are the symptoms of Fuch’s dystrophy?
i. Initially asymptomatic.
ii. Decrease in vision (related to edema).
iii. Pain due to ruptured epithelial bullae.
iv. Symptoms are worse upon awakening.
v. Painful episodes subside once subepithelial fibrosis occurs.

6. Why are symptoms worse upon awakening?

The decrease in vision and glare in Fuch’s dystrophy are primarily due to
varying degree of epithelial and stromal edema. Decreased evaporation of
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the tears during sleep decreases their osmolarity, leading to increased
edema and decreased visual acuity upon awakening.
7. Describe the clinical stages of Fuch’s dystrophy.
Stage: 1

i. Asymptomatic

ii. Central cornel guttae

iii. Pigments on posterior corneal surface

iv. Gray and thickened appearance of Descemet’'s membrane

v. In more advanced cases, endothelium has a ‘beaten-bronze’
appearance due to the associated melanin deposition.

Stage: 2
i. Painless decrease in vision and glare, severe on awakening
ii. Stromal edema (ground glass appearance)
iii. Microcystic epithelial edema (occurs when stromal thickness has
been increased by about 30%).
Stage: 3
i. Episodes of pain
ii. Formation of epithelial and subepithelial bullae, which rupture.
Stage: 4
i. Visual acuity may be reduced to hand movements
ii. Free of painful attacks
iii. Appearance of subepithelial scar tissue.

8. What are the differential diagnoses of Fuch’s dystrophy?

i. Posterior polymorphous dystrophy
ii. Congenital hereditary epithelial dystrophy

iii. Aphakic/pseudophakic bullous keratopathy

iv. Chandler’'s syndrome

v. Interstitial keratitis

vi. Trauma

vii. Intraocular inflammation.

9. How is a diagnosis of Fuch’s dystrophy made?

i. Slit lamp findings of guttae, stromal edema, epithelial bullae

ii. Increased central corneal thickness on pachymetry

iii. Specular microscopy.
10. What are the features of Fuch’s dystrophy seen on specular
microscopy?

i. Pleomorphism (increased variability in cell shape)
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ii. Polymegathism (increased variation in individual cell areas)
iii. Decreased endothelial cell count

iv. Guttae are seen as small dark areas with central bright spot in mild
disease

v. Later, severely disorganized endothelial mosaic is seen.

11. What are the histopathological changes in Fuch’s dystrophy?
Epithelium
i. Initially, intracellular edema in the basal cells
ii. Later, interepithelial and subepithelial pockets of fluids develop
iii. Map-dot and fingerprint scarring.
Bowman’s membrane
i. Usually intact
ii. Subepithelial fibrosis, thick in advanced disease.

Stroma
= Moderate thickening and edema.

Descemet’s membrane
i. Diffusely thickened since deposition of collagen basement membrane-
like material.

ii. Anterior banded layer—relatively normal.
iii. Posterior non-banded layer—thinned and irregular.

iv. Followed by a thick banded layer similar to the anterior banded zone
and composing the guttae.

Endothelium
i. Lower cell density

ii. Enlarged cells
ii. Thinning of cells over Descemet’s warts
v. Fibroblast like metaplasia in end stage.

12. Why does rupture of bullae cause pain?

Rupture of epithelial bullae exposes the underlying nerve ending and hence
causes pain.

13. Describe the medical management of Fuch’s dystrophy.

i. Hyperosmotic eyedrops and ointment reduces the epithelial edema
and improves both comfort and vision.
— 5% NaCl drops 4-8 times/day
— 5% NaCl ointment at night.

ii. A hairdryer held at arm’s length may help ‘dry-out’ the corneal surface.

iii. Lowering of IOP is useful in some cases.

iv. Bandage contact lens is used to alleviate discomfort from bullae
formation and rupture.
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14. Describe the surgical management of Fuch’s dystrophy.
Indicated when diminished visual acuity impairs normal activities. If there
is no corneal opacity due to subepithelial fibrosis, then DSAEK (Descemet’s
stripping automated endothelial keratoplasy) is done. In cases of severe
corneal opacity, then penetrating keratoplasty is performed.

15. What are all the surgical measures done for Fuch’s dystrophy,
done for relief of pain?
i. Anterior stromal puncture
ii. Bowman’s membrane cauterization
iii. Conjunctival hooding
iv. Amniotic membrane transplantation.
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2.16. ENDOTHELIAL DISORDERS AND
BULLOUS KERATOPATHY

1. Classify endothelial diseases.

1. Primary endothelial diseases

Endothelial dystrophy:

i. Fuch’s endothelial dystrophy

ii. Posterior polymorphous dystrophy

ii. Congenial hereditary endothelial dystrophy
v. Iridocorneal endothelial syndrome.

2. Secondary endothelial diseases
A. Mechanical trauma to the endothelium
i. Intraocular foreign body
ii. Corneal trauma
iii. Cataract surgery
Pre-existing endothelial disease
Surgical trauma
Intraoperative mechanical trauma
Postoperative trauma
Vitreous touch
— I0L
B. Non-mechanical damage to the endothelium
i. Inflammation
ii. Increased I0P
iii. Contact lens (hypoxia).

2. What is CHED?

Congenital hereditary endothelial dystrophy (CHED) is a dystrophy in which
there is bilateral corneal edema. The corneal appearance varies from a
blue-grey, ground-glass appearance to total opacification.

Types:  CHED 1
CHED 2

3. What are the features of CHED 1?

Autosomal dominant inheritance with the gene locus on 20p11.2—q11.2.
It is less severe developing in the 1st and 2nd year of life.

Symptoms: Progressive defective vision is present. Nystagmus is absent.

4. What are the features of CHED 2?

Autosomal recessive inheritance with the gene locus on 20p13. Present
at birth. Relatively nonprogressive.

Symptoms of discomfort are less prominent despite profound epithelial
and stromal edema. Nystagmus is common.
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5. What is pathogenesis of CHED?

The association of enlarged stromal collagen fibrils suggests some primary
development abnormality of both keratocyte and endothelium quantifying
this disorder as an example of mesenchymal dysgenesis.

6. Is there an association between CHED and glaucoma?

A combination of congenital glaucoma and CHED may occur and should
be suspected when persistent and total corneal opacification fails to resolve
after normalization of 10P.

7. How do you differentiate between CHED and congenital glaucoma?

Sl No Congenital glaucoma CHED
1. Photophobia present No photophopia
2. Tearing and redness Eye white
3. Megalocornea Normal sized cornea
4. Epithelial edema More of a thick cornea

8. What are corneal guttae?

Seen as a primary condition in middle age and old age. Reveals a typical
beaten metal appearance of the Descemet’'s membrane. These warts like
excrescences are abnormal elaboration of basement membrane and fibrillar
collagen by distressed or dystrophied endothelial cells.

9. What are Hassall-Henle bodies?

Guttae located in the periphery of the cornea may be seen in patients as
they get older. It is of no clinical signification.

10. What is posterior polymorphous dystrophy (PPMD)?

It is a rare, slowly progressive autosomal dominant or recessive dystrophy
that presents early in life. It has been mapped to chromosome 20q11.

Pathogenesis: The most distinctive microscopic finding is the appearance
of abnormal, multilayered endothelial cells that look and behave like epithelial
cells or fibroblast.

These cells show:
i. Microvilli
ii. Stain positive for keratin
iii. Show rapid and easy growth in culture
iv. Have intercellular desmosomes
v. Manifest proliferative tendencies

A diffuse abnormality of the Descemet’'s membrane (DM) is common
including thickening and multilaminated appearance and polymorphous
alteration.
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11. What are PPMD’s clinical manifestations?
The posterior corneal surface shows
i. Isolated grouped vesicles
ii. Geographic shaped discrete gray lesions
iii. Broad bands with scalloped edges.

12. Association of PPMD?

i. Iris membranes

ii. Peripheral anterior synechiae

iii. Ectropion uveae

iv. Corectopia

v. Polycoria

vi. Glaucoma

vii. Reminiscent of iridocorneal endothelial syndrome
viii. Alport’s disease

13. What are the investigations to detect PPMD?

i. Specular microscopy shows typical vesicles and bands
ii. Confocal microscopy reveals alteration in Descemet's membrane.

14. Management of PPMD?

i. Most patients are asymptomatic
ii. Mild corneal edema can be managed as with early Fuch’s dystrophy
iii. Stromal micropuncture to induce subthelial pannus can be done to
manage localized swelling
iv. In severe disease glaucoma must be managed and corneal transplant
may be required.

15. What is iridocorneal endothelial syndrome?

It is typically unilateral occurring in middle aged women. It is a spectrum
of disorders characterized by varying degrees of corneal edema, glaucoma
and iris abnormalities. It consists of the following three disorders with
considerable overlap in presentation.
i. Progressive iris atrophy
ii. Iris nevus (Cogan-Reese) syndrome
iii. Chandler's syndrome.

16. What is the pathogenesis of ICE syndrome?

The primary abnormality lies in the endothelial cell which takes on the
ultrastructural characteristics of epithelial cells. The abnormal endothelial
cells proliferate and migrate across the angle and onto the surface of the
iris, ‘proliferative endotheliopathy’.

Glaucoma may be due to synechial angle closure secondary to contraction
of the abnormal tissue. Herpes simplex virus DNA has been identified in
some ICE syndrome corneal specimens.
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17.What are the specific features?

Progressive iris atrophy: characterized by severe iris changes such as
holes, corectopia, etc.

The iris nevus (Cogan-Reese) syndrome: is characterized by either a
diffuse nevus which covers the anterior iris or iris nodules. Iris atrophy is
absent in 50% of the cases although correctopia may be severe.

Chandler’s syndrome:

i. Characterized by hammered silver corneal endothelial abnormalities.
ii. Presence of corneal edema.

ii. Stromal atrophy is absent in 60% of cases.

v. Corectopia is mild to moderate.

v. Glaucoma is usually less severe than in the other two syndromes.

18. Treatment of iridocorneal endothelial (ICE) syndrome.

Management of glaucoma:

i. Medical treatment is usually ineffective

i. Trabeculectomy is frequently unsuccessful

ii. Artificial filtering shunts is usually required

v. Penetrating keratoplasty for the corneal component.
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2.17. KERATOPLASTY

1. What is keratoplasty?

It is a surgical procedure wherein the abnormal recipient corneal tissue is
replaced by donor corneal tissue either full thickness or partial thickness.

2. Why is corneal transplant more successful than the other
transplants?

Cornea is relatively immune privileged.

Three factors are:
i. Absence of blood vessels
ii. Absence of lymphatics
iii. Anterior chamber associated immune deviation (ACAID).

3. Indications for keratoplasty.

a. Optical:
i. Pseudophakic bullous keratopathy
ii. Keratoconus
iii. Corneal scars
iv. Fuch’s dystrophy
b. Tectonic:
i. Stromal thinning
ii. Descemetocele
iii. Ectatic disorders
c. Therapeutic:
i. Removal of infected corneal tissue refractory to maximal medical
therapy.

4. Common indications for keratoplasty in our country.

i. Corneal scar: healed infectious keratitis or traumatic scar
ii. Acute infectious keratitis

iii. Regrafting
iv. Aphakic and pseudophakic bullous keratopathy

v. Corneal dystrophy especially macular corneal dystrophy
vi. Keratoconus.

5. Common indications for keratoplasty in the West?

i. Aphakic or pseudophakic bullous keratopathy
ii. Fuch’s dystrophy

iii. Keratoconus

iv. Corneal scar

v. Dystrophies.

6. What are the types of keratoplasty?

i. Full thickness or penetrating keratoplasty
ii. Partial thickness or lamellar keratoplasty.
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7. What are the types of lamellar keratoplasty?

A. Anterior:
i. Anterior lamellar keratoplasty
ii. Deep anterior lamellar keratoplasty (DALK).
B. Posterior:
i. Posterior lamellar keratoplasty (PLK)
ii. Deep lamellar endothelial keratoplasty (DLEK)
iii. Descemet’s stripping endothelial keratoplasty (DSEK)
iv. Descemet’s stripping automated endothelial keratoplasty (DSAEK)
v. Descemet’s membrane endothelial keratoplasty (DMEK).

8. Whatarethe conditions having excellent prognosis with keratoplasty?

i. Keratoconus

ii. Central avascular corneal scars
iii. Granular dystrophy

iv. Macular dystrophy

v. Pseudophakic bullous keratopathy.

9. What are the conditions having worst prognosis with keratoplasty?

i. Stevens-Johnson syndrome

ii. Ocular cicatricial pemphigoid

ii. Severe chemical burns

v. Dry eye of any etiology like collagen vascular disorders.

10. What are the contraindications for donor’s selection?

i. Death due to an unknown cause
ii. Rabies
iii. Certain infectious diseases of CNS like Jacob-Creutzfeldt, subacute
sclerosing panencephalitis (SSPE) and Progressive multifocal leuko
encephalopathy
iv. HIV
v. Septicemia
vi. Systemic infections like syphilis, viral hepatitis B and C
vii. Leukemia and disseminated lymphoma
viii. Intraocular tumors.

11. What is the importance of graft size and how much is it?

Usually donor cornea should be oversized by 0.5 mm from recipient cornea.
In keratoconus same size can be used.
Graft size is about 7.5 to 8.5 mm.

12. What are the disadvantages of larger graft?

Larger graft may cause:
i. Increased intraocular pressure
ii. Rejection
iii. Anterior synechiae
iv. Vascularization.



CORNEA R¥b¥4j

13. What are the disadvantages of smaller graft?

Smaller graft would give rise to astigmatism due to subsequent tissue
tension.

14. Why should graft in keratoconus be same size?

Using same diameter trephines for both donor and host tissues helps by
decreasing postoperative myopia.

15. What are the methods of anterior chamber entry in PKP?

. Trephine:
Advantages:
i. Sharp vertical edges
ii. Quick
iii. Uniform entry in all 360°.
Disadvantages:
i. Not controlled and so chance of damage to intraocular structures.

Il. Blade:
Advantages:
i. Controlled entry.

Disadvantages:
i. May not be uniform.

16. Where are the cardinal sutures placed in PKP?

The first suture is placed at 12 o’clock. The second suture is the most
important suture and is placed at 6 o’clock position. The third and fourth
sutures are put at 3 o’clock and 9 o’clock position. At the end of 4 cardinal
sutures, a trapezoid should be formed.

17.What are the indications for interrupted sutures?

i. Corneas of uneven thickness.
ii. Corneas with localized areas of inflammation.
iii. Vascularized, inflamed or thinned corneas where uneven wound healing
is expected.
iv. Corneas in which bites on the recipient side is very close to the
sclera.
v. Pediatric keratoplasties.

18. What are the advantages of interrupted sutures?

i. Technically less difficult.

ii. Permits elective removal in case of children and uneven wound
healing.

ii. Individual suture bites can be adjusted.

v. Selective sutures can be removed in case of infection.

19. What are the disadvantages of interrupted sutures?
Stimulates more inflammation and vascularization because of more knots.
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20. When can continuous sutures be used?

In absence of inflammation, vascularization or thinning, continuous sutures
can be used.

21.What are the advantages of continuous sutures?

i. They allow more even distribution of tension around the wound.
ii. Wound healing is more uniform.
ii. Incites less inflammation because of less knots.
iv. If double continuous is done, the 2nd running suture can be placed
in a manner that counteracts the torque induced by the 1st.

22. What are the disadvantages of continuous sutures?

Sectoral loosening or cheese wiring compromises the entire closure of the
cornea.

23. What are torque and antitorque sutures?

When continuous sutures are radially arranged perpendicular to the limbus
they are bound to induce some torque while tightening and so they are
known as torque sutures.

When the sutures are typically placed 30 to 40° to the donor-recipient
interface in the direction of suture advancement, they are known as
antitorque sutures.

24. What are combined sutures?

When both types of suturing: continuous and intermittent are used to
secure the graft it is called combined suture.

25.What is the advantage of combined sutures?

They have advantage of both. Interrupted sutures can be removed as
early as 4 weeks later. Continuous suture can remain in situ to protect
against wound dehiscence.

26. What are the guidelines for suture removal?

i. Interrupted sutures can be removed before 6 to 12 months.
ii. Combined interrupted sutures in steep meridian at 3 months.
iii. Continuous sutures can be removed after 1 year.
iv. Always remove suture by pulling on the recipient’s side.
v. Only loose sutures should be removed. Tight sutures may need to
be cut or replaced.

27.What is lamellar keratoplasty?

Selective replacement of diseased recipient tissue wherein the partial
thickness donor graft is placed in recipient corneal bed. This is prepared
by lamellar dissection of abnormal corneal tissue, the donor graft being of
similar size and thickness as the removed pathological host cornea.
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28.What are the advantages of anterior lamellar over penetrating
keratoplasty?

i. Extraocular procedure and hence devoid of intraocular complications
like hyphema, endophthalmitis, etc.
ii. Large graft can be placed.
iii. Less chances of rejection.
iv. Non-viable tissue (tissue with low endothelial count) can be used.
v. Less stringent donor selection.
vi. Faster recovery.
vii. Better wound strength.

29. What are the disadvantages of lamellar keratoplasty?

i. Procedure is technically more demanding.
ii. Visual acuity can be impaired due to uneven dissection of recipient
or donor corneal tissue and interface scarring.
iii. Particulate debris trapped in lamellar interface.
iv. Mechanical folds in the posterior layer over the visual axis due to
flattening of this layer especially in keratoconus.
v. Vascularization and opacification at the interface.

30. What are the indications for lamellar keratoplasty?

i. Anterior:
— Localized superficial corneal scar
— Keratoconus
— Corneal and conjunctival tumors.
ii. Posterior:
— Fuch’s dystrophy without corneal scarring
— Pseudophakic bullous keratopathy without scarring.

31. When do you prefer anterior lamellar keratoplasty and why?

Anterior keratoplasties are useful in treating:
i. Keratoconus
ii. Scars from refractive surgery or trauma
iii. Stromal scarring from bacterial or viral infections
Healthy recipient endothelium is preserved thus decreasing graft rejection
and prolonged graft survival.

32.When do you prefer posterior lamellar keratoplasty and why?

Posterior keratoplasties are used primarily for endothelial diseases like:
i. Fuch’s endothelial dystrophy
ii. Aphakic or pseudophakic bullous keratopathy.

Advantages of posterior lamellar keratoplasty are:
i. Posterior grafts do not require corneal surface incisions and suture
so induced astigmatism is reduced and tectonic stability is greater.
ii. Quicker visual rehabilitation.
iii. Theoretically lesser chance of stromal rejection.
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iv. No suture related complications as no sutures.
v. Strong wound.

33. What are inlay and onlay lamellar keratoplasties?

Inlay: Partial thickness of recipient cornea is removed by lamellar dissection
and replaced by partial thickness of donor cornea.

Onlay: Partial thickness donor cornea is placed over a de-epithelized
recipient cornea in which either a small peripheral keratectomy or lamellar
dissection has been done (e.g. epikeratoplasty).

34.What are the techniques of deep anterior lamellar keratoplasty
(DALK)?
DALK involves replacing the entire stroma barring the Descement’s
membrane (DM). This can be achieved by:
i. Dissecting with balanced salt solution, ocular viscoelastic device
ii. Big bubble technique of Anwar where bubble is used to blow the
Descemet’'s membrane off the rest of the cornea,
iii. Melles’ technique where a series of dissecting blades do a deep
dissection to the cornea almost down to Descemet’s membrane.

35. What is the difference between DLEK and DSEK?

In DLEK, manual lamellar dissection with corneal depth of 75—-85% is done
in the recipient. In DSEK, no lamellar dissection is necessary. Instead the
DM is stripped off the central 8 mm of the cornea using a reverse Sinskey’s
hook followed by placement of the folded donor disk via sclero corneal tunnel.

36. What is the difference between DSEK and DSAEK?
DSEK: Donor dissection is done using a manual artificial anterior chamber.

DSAEK: Donor dissection is done using a microkeratome.

37.What is femtosecond DSEK?

In this the donor tissue is pre cut with laser. Rest of the steps continue
like normal DSEK.

38.How is DSEK superior to DLEK?
DSEK:
i. Obviates complex recipient trephination and dissection techniques.
Better visual outcome.
ii. Less potential for trauma to the anterior chamber and lens.
iii. Ability to perform corneal refractive surgery later on to correct
refractive errors.

39. What are the complications of keratoplasty?

Intraoperative complications:
i. Improper trephination: If smaller size trephine used for donor button
instead of recipient button, complications of smaller graft like increased
IOP may be seen.
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ii. Damage to donor button during trephination.
iii. Incomplete trephination in recipient cornea-retained Descemet’s
membrane.
iv. Iris or lens damage.
v. Anterior chamber hemorrhage.
vi. Torn posterior capsule during combined keratoplasty with cataract
surgery.
vii. Expulsive choroidal hemorrhage.

Postoperative complications:
i. Wound leaks and wound displacement
ii. Persistent epithelial defects
iii. Filamentary keratitis
iv. Suture related complications:
— Suture exposure
— Suture related infection
— Suture related immune infiltrate
v. Elevated intraocular pressure
vi. Postoperative inflammation
vii. Anterior synechiae
viii. Pupillary block
ix. Choroidal detachment or hemorrhage
x. Fixed dilated pupil
xi. Postoperative infection: Endophthalmitis rates post PKP: 0.2-0.7%
xii. Primary donor failure.

40. How is the donor tissue evaluated?

i. Slit lamp appearance for lusture, presence or absence of folds
ii. Specular microscopy data
iii. Death to preservation time
iv. Tissue storage time
v. Serology—Hepatitis B and HIV.

41.What is the recommended lower limit for age of donors?

Donor corneas less than 1 year of age is not used, as these corneas are
extremely flaccid and can result in high corneal astigmatism and myopia.
42. What is the recommended upper limit for age of donor?

The upper limit recommended by eye bank association of America is 70
years, but as long as the cornea is healthy, donor age does not matter.
43. What is the difference between graft rejection and failure?

Graftrejectionis animmunologically mediated reversible loss of graft trans-
parency in a graft which remained clear for at least 10—14 days following
PKP.

Graftfailureisirreversible loss of graft corneal transparency. It can be primary
failure or late donor failure or end result of multiple rejection episodes.
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44. Mention the most common types of rejection.

i. Endothelial

ii. Subepithelial

ii. Epithelial

v. Stromal (in decreasing frequency).

45. What are the risk factors for rejection? OR Who are the high risk
patients?

Host factors:
i. Corneal stromal vascularization.
ii. Regrafts: 2 or more higher chances.
iii. Co-existing conditions like uveitis, herpes simplex keratitis, atopic
dermatitis and eczema.
iv. Active ocular inflammation at the time of surgery.
v. Age: young patient.

Technical factors:
i. Larger graft.
ii. Eccentric graft.
iii. Therapeutic keratoplasty
iv. Suture removal
v. Loose sutures arching vascularization

46. What is the Khodadoust line?

Linear arrangement of endothelial precipitates composed of inflammatory
cells which originate at vascularized end of peripheral donor cornea or at
junction of anterior synechiae with endothelium and moves towards center
of cornea. It is seen in endothelial type of rejection.

47. What are the conclusions of Collaborative Corneal Transplant Study
(CCTS)?
i. Donor-recipient tissue HLA typing has no significant long term effect
on success of transplantation.
i. ABO compatability is more useful.
iii. In high risk patients, high dose topical long term steroids, good
patient compliance and close follow up gives successful corneal
transplant.

48. What are the symptoms and signs of graft rejection?

Symptoms precede the signs.

Symptoms: Decreased vision
Photophobia and glare

Signs: Circumcorneal congestion
Keratic precipitates
Localized corneal edema
Generalized corneal edema
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49. What are the types of graft failure?

1. Primary graft failure: The graft is irreversibly edematous, right from
the immediate postoperative period. The causes are:
a. Poor donor tissue
b. Traumatic surgery destroying endothelium.
2. Secondary graft failure: Causes are
a. Irreversible rejection
b. Infection
c. Trauma

50.How do you treat endothelial rejection?

i. Topical 1% prednisolone acetate eyedrops: Titrate according to the
response
ii. Subconjunctival injection of 0.5 mg dexamethasone
iii. Oral prednisolone acetate 1 mg/kg body weight
iv. Intravenous methyl prednisolone acetate
v. If it is still irreversible, then to plan for a regraft

51.How do you treat graft failure?
Regraft.



CHAPTER

Uvea

3.1. UVEITIS—HISTORY AND
CLINICAL FEATURES

1. Why is uvea named so?

“Uvea” is derived from the Greek word “uva’ meaning grape. When the
sclera is removed, the center of the eyeball appears like a grape and
hence the name.

2. What does iris mean?
Iris is derived from a Greek word meaning rainbow/halo.

3. Why do the iris and ciliary body often get involved together?

The presence of the major arterial circle causes the involvement of both
the iris and ciliary body in pathological conditions. The blood supply to the
choroid is essentially segmental and hence the lesions are also isolated.

4. Definitions.

Vi.

Vii.

Anterior uveitis:

It is subdivided into:

a. Iritis: Inflammation involving iris only.

b. Iridocyclitis: Inflammation involving iris and anterior part of ciliary
body (the pars plana).

. Intermediate uveitis: Predominant involvement of pars plana and

extreme periphery of retina.

iii. Posterior uveitis: Inflammation beyond the posterior border of vitreous

base.

. Panuveitis: Involvement of the entire uveal tract.

Retinochoroiditis: Primary involvement of retina with associated
involvement of choroid.

Chorioretinitis: Primary involvement of choroid with associated
involvement of retina.

Vitritis: Presence of cells in the vitreous secondary to inflammation
of uvea, retina, optic nerve and blood vessels.
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viii. Diffuse choroiditis: Generalized inflammation of the choroid.

ix. Disseminated choroiditis: Two or more scattered foci of
inflammation in the choroid, retina or both.

x. Exogenous infection: Infection occurring as a result of external
injury to uvea, operative trauma or any other event leading to invasion
of microorganisms from outside.

xi. Endogenous infection: Infection occurring as a result of micro-
organisms or their products released from a different site within the
body.

xii. Secondary infection: Infection of uveal tract due to spread from
other ocular tissue.

5. How do you classify uveitis?

IUSG Classification

A. Anatomical classification

Term Primary site of inflammation Includes
Anterior uveitis Anterior chamber Iritis
Iridocyclitis

Anterior cyclitis

Intermediate uveitis | Vitreous Pars planitis
Posterior cyclitis
Hyalitis

Posterior uveitis Retina/Choroid Choroiditis

Chorioretinitis
Retinochoroiditis
Retinitis
Neuroretinitis

Panuveitis AC/Vitreous/Retina/Choroid

B. Clinical classification

a. Infectious:
i. Bacterial
ii. Viral
iii. Fungal
iv. Parasitic
b. Non-infectious:
i. Known systemic association
ii. No known systemic association
iii. Masquerade:
— Neoplastic
— Non-neoplastic
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Anatomical Classification
Tessler’s classification

i. Sclerouveitis

ii. Keratouveitis
iii. Anterior uveitis
iv. lritis

v. Iridocyclitis

vi. Intermediate uveitis
vii. Cyclitis, vitritis
viii. Pars planitis

ix. Posterior uveitis
x. Retinitis

xi. Choroiditis

Pathological Classification

i. Granulomatous and non-granulomatous
ii. Suppurative and exudative

Aectiological Classification

Infectious

i. Exogenous: Staphyloccous, Pseudomonas, Propionibacterium acnes.
Secondary—Iridocyclitis associated with herpetic keratitis, iridocyclitis
associated with anterior and posterior scleritis.

ii. Endogenous:
Bacterial

Viral

Fungal

Parasitic

B

Syphilis

Gonorrhea

Herpes simplex
CMV

Measles

Influenza
Histoplasmosis
Coccidioidomycosis
Candidiasis
Toxoplasmosis
Toxocariasis
Onchocerciasis
Pneumocystis carinii

Hypersensitivity/autoimmune

i. Lens induced—autoimmune reaction to lens protein
ii. Sympathetic ophthalmia—autoimmunity to uveal pigment.
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iii.
iv.

VKH

Behcet’s} suspected autoimmune origin.

Toxic

iv.

Systemic toxins—onchocercal uveitis.

Endoocular uveitis—atrophic uveitis in degenerating eyes.
Iridocyclitis in RD due to unusual proteins reaching through retinal
tear.

Chemical irritants—miotics and cytotoxic agents.

Associated with Systemic Conditions

i
ii.
iii.
iv.
V.
Vi.
Vii.

Associated with arthritis

Ankylosing spondylitis (AS)

Rheumatoid arthritis (RA)

Juvenile rheumatoid arthritis (JRA)

Psoriatic arthritis

Associated with GIT disorders: Ulcerative colitis
Associated with anergy: Sarcoidosis, leprosy, TB.

Associated with Neoplasms

Retinoblastoma, choroidal melanoma.

Idiopathic

Specific—Fuch’s
Nonspecific—Account for 25% of all uveitis.

Occurrence of Uveitis

iv.

Most common type of uveitis:
Anterior uveitis is the most common type, followed by intermediate,
posterior and panuveitis.

ii. Commonest age group affected, i.e. 20—40 years.
iii.

Common causes of uveitis in young adults:
— Behcet's

Sarcoidosis

Fuch’s heterochromic iridocyclitis

Herpes simplex

— Toxoplasmosis

Causes of uveitis in middle ages

— Reiter’s

— Ankylosing spondylitis

— Vogt Koyanagi Harada (VKH) syndrome
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— White dot syndrome
— Toxoplasmosis
v. Uveitic entities with sex predilection

Males Females
Ankylosing spondylitis RA
Reiter's syndrome JRA
Behcet’s
vi. Racial influence on uveitis
Caucasians  — Ankylosing spondylitis, Reiter's syndrome
Black — Sarcoidosis
Orientals — VKH, Behcet's
Phillipino — Coccidioidomycosis

vii. Geographic influence on uveitis
— “Histoplasmosis belt” of Ohio, Mussouri and Mississippi—
Histoplasmosis
— Japan and Mediterranean countries—Behcet's and VKH
— San Jaoguin Valley of California—Coccidioidomycosis
viii. Genetic/familial influence on uveitis
— RA and Collagen disease
Syphilis
HIV and CMV
- TB
Pars planitis

SUN (Standardization of Uveitis Nomenclature) Working Group ‘Activity
of Uveitis’ Terminology:

Inactive: Grade 0 cells in AC

Worsening activity: 2 step increase in level of inflammation
Improving activity: 2 step decrease in level of inflammation
Remission: Inactive disease for > 3 months after discontinuing all treatment
for eye disease.

SUN Working Group ‘Descriptors in Uveitis’:
Onset: Sudden/Insidious
Duration:
Limited: < 3 months duration
Persistent: > 3 months duration
Courses:
Acute: sudden onset and limited duration
Recurrent: repeated episodes separated by periods of inactivity without
treatment 3 months duration
Chronic: persistent uveitis with relapse in < 3 months after discontinuing
treatment
Remission: inactive disease for at least 3 months after discontinuing treatment.

6. Name causes of acute and chronic posterior uveitis.

i. Acute posterior uveitis occurs in toxoplasmosis
ii. Chronic posterior uveitis occurs in pars planitis and toxocariasis.
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7. Name causes of acute generalized uveitis.
i. Endophthalmitis
ii. Sympathetic ophthalmia.
8. What are the causes of acute suppurative uveitis?
i. Panophthalmitis
ii. Endophthalmitis
iii. Suppurative iridocyclitis.
9. Name causes of unilateral non-granulomatous uveitis.
i. Fuch’'s
ii. Ankylosing spondylitis.
10. What are the causes of unilateral granulomatous uveitis?
i. Viral
ii. Lens induced.

11. What are the causes of bilateral granulomatous uveitis?

Infectious Non-infectious

Tuberculosis Sarcoidosis

Leprosy Vogt Koyanagi Harada (VKH) syndrome
Syphilis Sympathetic ophthalmia (SO)

12. What is Fuch’s heterochromic uveitis? What are the gonioscopic
findings in Fuch’s? What are its sequelae?

Fuch’s uveitis is an unilateral idiopathic non-granulomatous anterior uveitis
occurring in young adults. It is associated with heterochromia of the iris.
Gonioscopic finding in Fuch’s—fine filamentous vessels bridging angle
sequelae in Fuch’s — Cataract

— Glaucoma

13. What are the causes of uveitis associated with vitritis?

i. Pars planitis

ii. Irvine Gass syndrome
ii. Active retinitis

iv. Trauma.

14. What is the relevance of eliciting the following history in uveitis?
i. Trauma/eye surgery—Sympathetic ophthalmia
ii. Vitiligo, alopecia, poliosis—Vogt Koyanagi Harada (VKH) syndrome
iii. Rashes: Hyper/Hypopigmentation—Leprosy
iv. Low back pain/Joint pain—Ankylosing spondylitis (AS), rheumatoid
arthritis (RA), psoriatic arthritis
v. Painful mouth ulcers—Behcet’'s syndrome
vi. Dysentry, altered bowel habits—Ulcerative colitis
vii. Ringing in the ears, hearing loss, headache—VKH.
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15. Why is history of fever important in uveitis?

It is present in the following conditions:
i. Tuberculosis
ii. Syphilis
iii. Leprosy
iv. Collagen vascular disorders (also associated with purpuric rashes).

16. What are the systemic findings associated with uveitis?

Skin:
i. Rash of secondary syphilis
ii. Erythema nodosum, sarcoidosis, Behcet’s
iii. Psoriasis—plaques, arthritis
iv. Keratoderma blenorrhagica, Reiter’'s syndrome
v. Kaposi sarcoma
vi. Leprosy.

Hair:
i. Alopecia: VKH, secondary syphilis
ii. Poliosis: VKH.

Nails:

i. Pitting

ii. Psoriasis.
Dysentery

i. Reiter's syndrome

Mouth ulcers
i. Painful: Behcet’'s syndrome
ii. Painless: Reiter's syndrome.

Arthritis
i. RA
ii. Juvenile RA
iii. AS.
Gut involvement
i. Ulcerative colitis
ii. Crohns disease.

Lungs
i. TB
ii. Sarcoidosis.

Urethritis/urethral ulcers

i. VKH

ii. Cytomegalovirus (CMV) infections
ii. Congenital toxoplasmosis

v. Syphilis.
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CNS involvement

i. VKH

i. CMV

iii. Behcet's

iv. Congenital toxoplasmosis.

17. What is the mechanism of pain in uveitis?

The pain is an acute spasmodic ciliary neuralgia superimposed on a dull
ache. Since the iris is richly supplied with sensory nerves from the
ophthalmic division of the fifth nerve, pain is very common. It is typically
worse in the night. It is worse in the acute stage when there is tissue
swelling hyperemia and release of high concentration of toxic materials.

18. What are the symptoms in cyclitis/choroiditis?
Cyclitis:
i. Floaters
ii. Redness due to ciliary congestion
iii. Tenderness over pars plana
iv. Defective vision, in chronic cyclitis due to vitreous opacities.

Choroiditis:

i. Asymptomatic, unless posterior pole is involved.

ii. Photopsia, due to irritation of rods and cones at the periphery of the
lesion.

iii. Floaters—due to outpouring of exudate

iv. Metamorphopsia due to irregular elevation in the retina. Initially a
postive scotoma develops following which a negative scotoma
develops. Hiatus or negative scotoma is sector shaped in severe
lesions due to destruction of nerve fibers and blockage of retinal
vessels causing damage to RPE in periphery.

19. Differentiate circumcorneal/ciliary and conjunctival congestion.

Conjunctival Circumcorneal
Site In fornices Circumcorneal
Color Bright red Pale red/violaceous
Type of discharge Mucus Serous
Branching of vessels [Dichotomous Radially arranged around
the cornea without branching
Origin Posterior conjunctival | Anterior ciliary vessels
vessels
Movement of vessels|Can be moved on Cannot be moved
moving conjunctiva
On pressure Fill from fornix Fill from limbus

20. What are the keratic precipitates? What is the importance of
detecting them? What is their fate?

Keratic precipitates (KPs) comprise of lymphocytes, plasma cells and
phagocytes enmeshed in a network of fibrin. Mononuclear phagocytes are
common in non-granulomatous KPs. Epithelial and giant cells are common
in granulomatous KPs.
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Significance of KPs:
i. Gives clue to diagnosis
ii. Evidence of inflammatory activity
iii. It signifies involvement of ciliary body.

Fate of KPs:
i. Hyalinization
ii. May disappear after resolution of inflammation
iii. May reduce in size
iv. May become pigmented
v. May get washed away during surgery.

Sometimes, if inflammation becomes chronic then non-granulomatous KPs
may become larger and granulomatous.

21. Describe distribution of KPs.

von Arlt’s triangle: A base down triangle on the inferior aspect of the
corneal endothelium, where KPs aggregate due to convection currents of
aqueous humor and gravity.

Ehrlich Tuck’s line: Vertical line along the centre of the endothelium
Central: Viral

Diffuse: Fuch’s heterochromic iridocyclitis

In the angle: Sarcoidosis.

22. What are the prerequisites for a keratic precipitate to occur?
i. Defective nutrition of the corneal endothelium so that the cells become
sticky and may desquamate in places.
ii. The convection currents in the anterior chamber (due to the difference
of the temperature between the warm iris and the cool cornea)
iii. Gravity.
23. Differentiate fresh/old and granulomatous/non-granulomatous KPs.
Fresh oid

White Pigmented
Round Flat
Fully hydrated Dehydrated
Smooth edges Crenated edges

Granulomatous Non-granulomatous
Size Large Small to medium
Shape Oval or Oblong Usually circular

Color and Appearance Yellow and greasy White—hydrated
Mashed potato

appearance
Confluence Often confluent Usually non-confluent
Changes Cause alteration of Pigmentation, dehydration,

endothelium leading  flattening
to prelucid haloes
May get pigmented
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24, What is flare? What is its significance? How is it examined and
graded?

The visualization of the path of the slit lamp when aimed obliquely across
the anterior chamber (AC) is called flare.

Breakdown of blood ocular barrier and damage to iris blood vessels cause
proteins to leak into AC. This causes flare.

Flare in the absence of cells does not indicate active inflammation as
damaged blood vessels leak for a long time after inflammation has resolved.
Steroids are not indicated in the absence of cells.

Flare is examined at the slit lamp with maximum light intensity and
magnification 1 mm long, 1 mm wide beam is directed at 45° to 60° to
ocular surface.

Grading of flare:
Hogan’s grading:

Faint—just detectable = 1+
Moderate—iris details clear = 2 +
Marked—iris details hazy = 3+
Intense—fibrinous exudates = 4 +

SUN Working Group Grading for AC flare:

Grade Description

0 None

+1 Faint

+2 Moderate (Iris and lens details clear)
+3 Marked (Iris and lens details hazy)
+4 Intense (Fibrin/plasmoid aqueous)

25. What are the types of AC reaction?

Serous: Flare due to protein exudation.

Purulent. PMNs and necrotic debris causing hypopyon.
Fibrinous/plastic: Intense fibrinous exudates, hypopyon.
Sanguinoid: Inflammatory cells with RBCs, hypopyon.

26. What are the types of cells in AC? How are they graded?

i. Inflammatory cells (lymphocytes and PMN)
ii. Red Blood cells (RBCs)

ii. lris pigment cells

v. Malignant cells, e.g. lymphoma.

Grading of cells
Hogan’s grading:
None =
5-10/field
10—20/field
20-50/field
50/field

|
BwN =g
+ 4+ + +
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SUN Working Group Grading of AC cells:

Grade Cells in Fields
0 None

+0.5 1-5

+1 6-15

+2 16-25

+3 26-50

+4 >50

27. How is hypopyon formed in uveitis?

Hypopyon is a collection of leucocytes. Sufficient fibrin content in the
anterior chamber causes cells to clump and settle down as hypopyon.

28. When is hyphema seen in uveitis?

i. Viral uveitis (especially zoster)
ii. Syphilis

iii. Ophthalmia nodosum

iv. Trauma

v. Masquerade syndrome.

29. What are the iris changes in uveitis?

i. Pattern change: Iris crypts and furrows are obliterated

ii. lris atrophy

iii. Heterochromia—Fuch'’s, Viral

iv. Rubeosis

v. Synechiae

vi. Seclusio pupillae

vii. Occlusion pupillae
viii. Ectropion uveae

iX. Nodules—Koeppe’s and Busaca’s

x. Granulomas and lepra pearls.

30. What are the nodules seen in a case of uveitis? What are Leprotic
pearls?

There are two types of nodules seen in uveitis:

Koeppe’s Busaca’s

Location At pupillary margin Usually seen along collarette

Pathology Ectodermal nodules Mesodermal floccules

Color Small usually white, Greenish white and larger than
but may be pigmented Koeppe’s nodules

Conditions Usually seen in granulo- Only in granulomatous never
matous but may occur in in non-granulomatous uveitis
non-granulomatous

Leprotic pearls:
They are iris nodules, pathognomic of leprosy and are situated between
collarette and ciliary margin.



UVEA RES]

31. What is seclusio pupillae?

It is also called as annular or ring synechia. In this condition, the whole
circle of the pupillary margin may become tied down to the lens capsule.

32. What is occlusio pupillae?

When the exudate becomes more extensive, it may cover the entire
pupillary area, which then becomes filled by a film of opaque fibrous tissue
and this condition is called as occlusio pupillae.

33. What is the differential diagnosis for iris nodules?

i. Down’s syndrome (Brushfield spots)

ii. Epithelial invasion, serous cyst

iii. Foreign body (retained)

iv. Fungal endophthalmitis

v. Iridocyclitis

vi. Iris freckle

vii. Iris nevus syndrome (Cogan-Reese)
viii. Iris pigment epithelial cyst

ix. Juvenile xanthogranuloma

X. Leiomyoma

xi. Malignant melanoma

xii. Melanocytosis (ocular and oculodermal)
xiii. Neurofibromatosis
xiv. Retinoblastoma.

34. What are the pupil changes in uveitis?

In the acute stage: Miosis.
In the chronic stage: Posterior synechiae

Miosis is due to:
i. Irritants causing muscle fibres to contract; sphincter effect overcomes
dilator leading to constriction.
ii. Vascularity allows unusual amounts of exudation, causing iris to
become waterlogged and the pupil to become sluggish.
iii. Radial nature of the vessels.

35. What are the vitreous changes in uveitis?

Vitreous changes:

i. Opacities—fine, coarse, stingy snowball.

ii. Posterior vitreous detachment (PVD).

ii. Cellular precipitation posterior wall of vitreous, flare and cells, fluid
in retrovitreal space.

iv. Late shrinkage of vitreous may cause vitreal holes and retinal
detachment (RD).

v. Vitreous hemorrhage.
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SUN Working Group Grading for vitreous cells:

Grade No. of cells
0 None

+0.5 1-10

+1 1020

+2 20-30

+3 30-100

+4 >100

36. What are the fundus changes in uveitis?
A. Optic disk:

i. Papillitis (VKH)

ii. Granuloma (Sarcoid)

ii. Optic atrophy secondary to retinal damage
v. Disk hyperemia/edema.

B. Macula:
i. Edema (pars planitis, bird shot chorioretinopathy)
ii. Scar—toxoplasmosis.

C. Peripheral retina:
i. Healed retinitis/choroiditis/retinochoroiditis
ii. Retinal detachment
— Serous (VKH)
— Rhegmatogenous
— Tractional
iii. Vascular occlusion
iv. Perivascular exudates
v. Candle wax drippings, e.g. sarcoid
vi. Sheathing, e.g. Eales’ disease
vii. Pars plana exudates—snow banking
viii. Neovascularization
— Peripheral—pars planitis
— Macular—toxoplasmosis
— Periphery and ONH sarcoidosis

37. Differentiate choroiditis from retinitis.

Choroiditis Retinitis
i. Yellow patch White cloudy appearance
ii. Distinct with defined borders Indistinct borders
iii. Involvement of vessels and Abundant vitreous cells
iv. vitreous minimal or absent Sheathing of adjacent vessels
v. Subretinal hemorrhage Surrounding retinal edema
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38. What is the difference between active and healed choroiditis?

Active Healed

i. Elevated lesion Flat

ii. lll-defined margins Distinct pigmented margins
iii. Associated with vascular No associated features

sheathing, hemorrhage and
vitreous inflammation

39. What are the intraocular pressure (IOP) changes that can occur in
uveitis?
Low IOP:
i. Inflammation of Ciliary body and failure to produce sufficient amount
of aqueous
ii. Choroidal detachment
iii. Retinal detachment.
High IOP:
i. Trabeculitis
ii. Neovascular glaucoma (NVG)
iii. Clogging of trabecular meshwork by inflammatory debris
iv. Possner-Schlossman syndrome
v. Sclerosis of trabecular meshwork
vi. Peripheral anterior synechiae
vii. Iris bombe
viii. Steroid induced glaucoma.

40. What are the uveitic conditions associated with increased IOP?

i. Viral

ii. Toxoplasmosis

iii. Sarcoidosis

iv. Fuch’s heterochromic iridocyclitis

v. Possner-Schlossman syndrome

vi. Steroid induced uveitis

vii. Lens induced uveitis.

41. What are the characteristic features of Posner-Schlossman
syndrome?

It is also known as hypertensive iridocyclitis crises. The features are:

i. Quiet eye

ii. Periodic raised intraocular pressure with flare and cells

ii. Reduced vision during these attacks and mimics angle closure
glaucoma

iv. Treatment is by using atropine ointment.

42. What are the complications of iridocyclitis?

Corneal conditions:
i. Band keratopathy
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Anterior chamber:
Posterior synechiae,
Iris bombe
Seclusio pupillae,
Occlusio pupillae.
Secondary glaucoma (described above) .
Complicated cataract.
Cystoid macular edema.
Tractional RD.
Phthisis bulbi.

43. How does phthisis occur in uveitis?

Organization of vitreous forms a cyclitic membrane, contraction of which
leads to a retinal detachment with base toward lens and apex toward optic
disc. As the cyclitic membrane consolidates, the ciliary processes are drawn
inwards, so that the ciliary body detaches leading to phthisis bulbi.

44. What are the causes of cystoids macular edema in uveitis?

i. Acute severe iridocyclitis
ii. Behcet's syndrome

iii. Pars planitis

iv. Endophthalmitis

v. Birdshot chorioretinopathy.

45. What are the causes of macular chorioretinitis?

i. Toxoplasmosis

ii. Tuberculosis

iii. Syphilis

iv. Cytomegalovirus (CMV) retinitis
v. Herpes simplex.

46. What are the causes of retinochoroiditis?

i. Toxoplasmosis

ii. Toxocara granuloma of retina/choroid

ii. Septic (subacute bacterial endophthalmitis)
iv. CMV retinitis

v. Candida retinitis.

47. What are the causes of chorioretinitis?

i. Tuberculosis
i. AMPPE
iii. Geographical helical polypoidal choroidopathy
iv. Birdshot choroidopathy
v. Sympathetic ophthalmia
vi. Presumed ocular histoplasmosis.
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48. What is the characteristic description of active toxoplasmic
retinochoroiditis?

= ‘Headlight in fog’ appearances.

49. What are the preoperative concerns while performing cataract
surgery in an eye with uveitis?
i. The eye should remain quiet for a minimum of 3 months before
contemplating surgery under the cover of steroids.
ii. In phacolytic and other lens induced uveitis the above does not
apply and cataract surgery could be done immediately.

50. What are the intraoperative steps to be taken while performing
cataract surgery in a uveitic eye?

i. Inadequate pupillary dilatation (to do sphincterotomy, iris hooks, sector
iridectomy).

ii. Complete cortical removal.

iii. Minimal manipulation of Iris.

iv. To perform a prophylactic peripheral iridotomy.

v. Perform capsulorhexis and facilitate in the bag intraocular lens
placement.

vi. To preferably use a heparin coated or an acrylic lens.

51. What are the indications of explantation of IOL’s in a uveitic eye?

i. Propionobacterium gene endophthalmitis
ii. Persistent postoperative uveitis with haptic rubbing the iris due to “in
sulcus” placement.

52. Name an uveitic entity in which intraocular placement of IOL is
contra indicated? Why?

JIA (juvenile idiopathic arthritis) due to persistent severe uveitis causing
cyclitic membrane leading to phthisis bulbi.

52. What are the uses of atropine in a case of uveitis?

i. It keeps the iris and ciliary body at rest

ii. It breaks the preexisting synechia and prevents new synechia from
occurring

iii. It decreases hyperemia.

53. What is mydricaine?

It is a powerful mydriatic agent and is a combination of procaine, atropine
and adrenaline. 0.3 ml is given through the subconjunctival route.
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3.2. SYMPATHETIC OPHTHALMIA

1. Define sympathetic ophthalmia.

A specific bilateral inflammation of the entire uveal tract of unknown
aetiology, characterized clinically by insidious onset and progressive course
with exacerbations and pathologically by a nodular or diffuse infiltration of
the uveal tract with lymphocytes and epitheloid cells; almost universally
follows a perforating injury involving the uveal tissue.

Exciting eye —Injured eye developing the disease at a variable time afterthe
injury.

Sympathizing eye—The other eye which develops the disease
synchronously or shortly afterwards.

2. What are the predisposing causes for sympathetic ophthalmia?

A. Perforating injuries—65%

I. Perforating injury involving the uveal tissue and in the vast majority
of cases rapid and reaction less wound healing is interfered by iris,
ciliary body incarceration or foreign body retention.

Il. Subacute inflammation in a soft shrunken eye in which delayed or
incomplete wound healing is present.

[1l. Wounds in the ciliary region are most dangerous but not very common.

B. Operative wounds—25%

I. Incarceration of iris in the wound

Il. Iridectomy, iridencleisis.
C. Non-perforating contusions (subconjunctival scleral rupture)—10%
D. Intraocular malignant melanomata—rare

I. Complicated by perforation of the globe by invading tumor.

Il. Necrotic tumors.

3. Discuss the pathology of sympathetic ophthalmia.

I. Sympathetic ophthalmia is a clinicopathologic diagnosis and never a
histological diagnosis alone.

Il. Focal lymphocytic and plasma cell infiltration around large veins of
choroid — coalesce to form multinucleated giant cells — formation
of nodules of epitheloid cells with central giant cells surrounded by
lymphocytes — infiltration of iris (posterior part) and diffuse infiltration
of choroid (esp. outer layers).

I1l. Four characteristic histological findings in the sympathizing and
exciting eye include:

— Diffuse granulomatous uveal inflammation composed predominantly
of epitheloid cells and lymphocytes; eosinophil and plasma cells
may be present—neutrophils are absent.

— Sparing of choriocapillaries
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— Epitheloid cells containing phagocytosed uveal pigment

— Dalen Fuchs, nodules:
Collections of epitheloid cells between Bruch’s membrane and the
retinal pigment epithelium (RPE) with no involvement of the
overlying neural retina and sparing of the underlying choriocapillaries.
Some cells may come from transformation of the RPE.

4. What are the clinical features of sympathetic ophthalmia?
In sympathizing eye:

i

ii.
iii.
iv.
V.

Mild pain
Photophobia
Increased lacrimation
Blurring of vision
Visual fatigue.

In exciting eye:
Decrease in vision and photophobia.

Signs in both eyes:

i

ii.
iii.
iv.
V.

Ciliary injection

Development of keratic precipitates on corneal endothelium
Partially dilated and poorly responsive pupil

Thickened iris

Clouding of vitreous.

Posterior segment findings:

i
ii.
iii.
iv.
V.
Vi.

Papillitis

Generalized retinal edema

Perivasculitis

Small yellow white exudate beneath RPE (Dalen-Fuchs’ nodule)
Areas of choroiditis

Exudative retinal detachment.
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3.3. FUCH’S HETEROCHROMIC
IRIDOCYCLITIS

1. What are the signs and symptoms of Fuch’s heterochromic
iridocyclitis?
Symptoms:
i. Decreased vision—due to cataract formation
ii. Floaters—due to vitreous opacities
iii. Discomfort—due to ciliary spasm
iv. Conjunctival injection
v. Asymptomatic
vi. Symptoms due to elevated IOP
vii. Change in iris color
viii. Hyphema
ix. Strabismus from juvenile cataract.

Signs:
Triad of:
i. Heterochromia
ii. Cataract
iii. Keratic precipitates.

Heterochromia:
i. Iris pigments present in all three layers:
— Anterior border layer
— Stroma
— Posterior pigment epithelium

ii. There is atrophy of all the three layers.

iii. Atrophy of anterior border layer and stroma—hypochromia in many
cases and hyperchromia in a few due to revealing of the posterior
pigment epithelium.

iv. Blue irides—affected eye looks more bluer or lighter than the other
eye due to loss of orange brown pigment of the anterior border layer
concentrated around the collarete. Rarely show hyperchromia

v. Brown—usually affected eyes are hypochromic may appear normal
also.

vi. Subtle heterochromia—best observed by naked unaided eye under
natural day light or bright overhead light. Most sensitive method to
identify heterochromia is to compare anterior segment photographs
taken under standard conditions.

vii. May be congenital/acquired later in life.
viii. Bilateral cases—no heterochromia.
Iris characteristics:
i. Anterior border layer: depigmentation — lighter, translucent, whitish
hazy appearance.
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ii. Stroma—depigmentation and loss of volume — smooth iris surface

— prominent radial vessels — visualization of the sphincter.

iii. Pigment epithelium affected: transillumination defects and
abnormalities of the pupillary ruff.

iv. Iris nodules: rare, translucent near the pupillary margin.

v. Posterior synechiae is rare.

vi. Iris vessels:

— Due to atrophy—normal iris vessels become conspicuous.

— Radial and orderly dichotomous branching.

— New vessels—fine, filamentous, sinuous, arborising with
anomalous branching pattern.

— Seen on the surface of iris and anterior chamber angle.

— Rarely may form fibrovascular membrane over trabecuar
meshwork—neovascular glaucoma occasional.

— Incidence of rubeosis: 6-22%; more when iris flourescein
angiography is used.

— May cause filiform hemorrhage arising as a fine sream of blood
arising in or near the angle usually opposite to the site of
puncture during paracentesis—Amsler’s sign

— Considered to be diagnostic and confirmatory test—but now its
clinical utility is questioned.

— Applanation tonometry and cataract surgery may cause bleeding.

Iridocyclitis:

Characteristic KPs —
Stellate or round, whitish translucent with interspersed wispy filaments
precipitated over the entire corneal endothelium diffusely.

Minimal anterior chamber cellular activity.

Cataract:
i. Posterior subcapsular cataracts
ii. Rapid advance to maturation.

Vitreous cells:
Individual cells, aggregates, stingy filaments and occasional dense vitreous
veils.

Glaucoma: 26-59%
Mechanism of glaucoma:
i. Rubeosis
ii. Peripheral anterior synechiae
iii. Lens induced angle closure
iv. Recurrent spontaneous hyphema
v. Steroid response
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3.4. VOGT KOYANAGI HARADA SYNDROME

1. What is Vogt Koyanagi Harada (VKH) syndrome?

VKH syndrome or uveomeningitic syndrome is a systemic disorder involving
many organ systems, including the eye, ear, integumentary and nervous
system.

2. What are the clinical manifestations of VKH?

The American Uveitis Society adopted the criteria for the diagnosis of
VKH syndrome in 1978 as follows:
= No history of ocular trauma or surgery.
= At least three of four of the following signs:
i. Bilateral chronic iridocyclitis.
ii. Posterior uveitis, including exudative retinal detachment, disk
hyperemia or edema, and sunset glow fundus.
iii. Neurologic signs of tinnitus, neck stiffness, cranial nerve or CNS
problems or CSF pleocytosis.
iv. Cutaneous findings of alopecia, poliosis or vitiligo.

3. What are the clinical manifestations of VKH?

Typical clinical manifestations of VKH syndrome:
i. Bilateral panuveitis in association with multifocal serous retinal
detachment.
ii. Central nervous system manifestations—Meningismus, headache,
CSF pleocytosis
iii. Auditory manifestations—Hearing loss, tinnitus
iv. Cutaneous manifestations—Vitiligo, alopecia, poliosis.

Most patients, present with severe bilateral uveitis associated with exudative
retinal detachment and signs of meningismus.

4. What are the differential diagnosis of VKH?

i. ldiopathic central serous choroidopathy
ii. Nanophthalmos (axial length <19 mm)
iii. Uveal effusion syndrome
iv. Bilateral diffuse melanocytic hyperplasia
v. Toxemia of pregnancy, renal disease
vi. Posterior scleritis
vii. Acute retinal necrosis syndrome
viii. Primary B-cell intraocular lymphoma
ix. Syphilis, tuberculosis and sarcoidosis
x. Sympathetic ophthalmia
xi. Lupus choroidopathy.

5. How will you investigate a case of VKH?

Fluorescein angiography (FA)
i. Characteristic FA in acute stage of VKH demonstrates multiple
punctate hyperfluorescent dots at the level of RPE.
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ii. These hyperfluorescent dots gradually enlarge and stain the subretinal
fluid.

iii. 70% of the patients have disc leakage.

iv. In chronic stage, the angiogram shows multiple hyperfluorescent
RPE window defects without progressive staining.

v. Alternating hyper and hypofluorescence from RPE alteration causing
“moth eaten” appearance can be found.

Ultrasonography:
Echographic manifestations of VKH are described by:
i. Diffuse thickening of the posterior choroid with low to medium
reflectivity.
ii. Serous RD around posterior pole or inferiorly.
iii. Vitreous opacities without PVD.
iv. Posterior thickening of the sclera or episclera.

Lumbar puncture:

Lumbar puncture (LP) has not been used routinely in most recent studies.
In a study by Ohno et al, more than 80% of the patients had CSF
pleocytosis consisting mostly of lymphocytes. CSF pleocytosis occurs in
80% of the case within one week and resolves within eight weeks.

MRI discriminates the sclera from the choroid, which is not possible with
computerized tomography and allows the detection of subclinical ocular
and CNS disease. Choroidal thickening can be demonstrated even when
the fundus and fluorescein angiogram appear normal.
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3.5. BEHCET'S DISEASE

1.

Definition of Bechet’s disease.

It is relapsing and remitting systemic vasculitis of unknown etiology
characterized by oral and genital ulcers and ocular inflammation.

Wit

h the triad of:

Recurrent hypopyon—iritis
. Oral ulceration

. Genital ulceration.

2. What is the etiology?

3.

. Viral agent—Herpes simplex
Bacterial—Streptococcal species

. Genetic: HLA B5 — Ocular type
HLA B12 - Mucocutaneous
HLA B27 - Arthritic

What is Behcet’s Disease Research Committee Criteria?

Major Criteria:

iii.
iv.
V.
Vi.

Oral aphthous ulceration

Skin lesions:

— Erythema nodosum like skin eruption
— Subcutaneous thrombophlebitis

— Cutaneous hypersensitivity

Ocular lesions

Recurrent hypopyon iritis or iridocyclitis
Chorioretinitis

Genital aphthous ulceration.

Minor Criteria

Arthritic symptoms and signs (arthralgia, swelling, redness in large
joints).

ii. Gastrointestinal lesions (appendicitis like pain, malena, diarrhea and

SO on).

iii. Epididymitis.

. Vascular lesions (Obliterative vasculitis, occlusions, aneurysms).
. CNS involvement:

— Brain stem syndrome

— Meningoencephalomyelitic syndrome

— Psychiatric symptoms.

. What are the anterior segment findings?

ridocyclitis with hypopyon—19-31%.

Periorbital pain, redness, photophobia and blurred vision.
Ciliary injection, fine KPs.
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Hypopyon, does not coagulate—changes position with head movement
Attack lasts for 2—-3 weeks and then subsides, recurrences are the rule
with subsequent iris atrophy and posterior synechiae formation.

5. What are the posterior segment findings?

i

ii.
iii.
iv.
V.
Vi.
Vii.
viii.

Vitritis

Retinal vasculitis

Patchy perivascular sheathing and inflammatory exudates surrounding
retinal hemorrhages

Retinal Edema

Severe vasculitis—thrombosis—ischemic retinal changes. BRVO/
CRVO

Neovascularization—bleeding—fibrosis—RD (Very rare)

Optic neuritis in acute phase

Progressive optic atrophy.
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3.6. INVESTIGATIONS IN UVEITIS

1. What are the indications for Investigations in Uveitis?

i. To arrive at a specific diagnosis.

ii. To choose a correct therapeutic approach.

iii. To rule out infection (steroids are used in majority of uveitic cases;
they may exacerbate existing diseases like TB and toxoplasmosis).

iv. To rule out tumors—because many tumors like leukemias and
retinoblastomas masquerade as uveitis.

v. To rule out presumed autoimmune disease.

vi. To rule out associated systemic conditions, e.g. HLA-B27+ JRA
may present as uveitis initially. HLA-B27 positivity forewarns the
patient about the systemic nature of the disease and its prognosis.

vii. To evaluate why vision has not improved non-responders, poor
responses and early recurrences.

viii. To assess the side effects of treatment, e.g. in Behcet’'s disease,
immunosuppressants are used.

ix. For academic and research purposes.

2. Which uveitic entities do not need laboratory investigations for
diagnosis?

i. Pars planitis

ii. Fuch’s heterochromic iridocyclitis

ii. Traumatic uveitis

iv. Postoperative uveitis.

3. Classify investigations used in uveitis.

Laboratory Non-laboratory
i. Routine—TC, DC, ESR i. Imaging techniques
ii. Skin test

ii. Serological test
v. Pathological test
v. Special specimen examination, e.g. feces.

4. What are the hematological investigations done in uveitis? What is
their significance? What is the normal value?

WBC (Total count):
Normal count: 4,500—11,000 cell/ml

Conditions where total count is raised:
i. Exercise
ii. Stress
iii. Infections
iv. Tissue necrosis (e.g. myocardial infarction, pulmonary infarction)
v. Chronic inflammatory disorder (e.g. vasculitis)
vi. Drugs (e.g. glucocorticoids, epinephrine, lithium)
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Conditions where total count is decreased
i. Infections—uviral (e.g. influenza, HIV, hepatitis)
Bacterial (e.g. typhoid, TB)
ii. Nutritional—B12 and folate deficiency
iii. Autoimmune, e.g. SLE

5. What are the clinical conditions which can cause raised neutrophils
(Neutrophilia)?
i. Inflammatory states
ii. Nonspecific infections
iii. Eclampsia
iv. Hemolytic anemia
v. Corticosteroids.

6. What are the causes of decreased neutrophils (Neutropenia)?

i. Congenital

ii. Leukemia

iii. Chemotherapy

iv. Steroids

v. Radiation

vi. Vitamin B12/Folate deficiency
vii. Hemodialysis
viii. Viral infections.

7. What are the causes of raised eosinophils (Eosinophilia)?

i. Parasitic infestation

ii. Allergic disorders

iii. Churg-Strauss syndrome
iv. Cholesterol embolization
v. Hodgkin’s lymphoma
vi. Addison’s disease.

8. What are the causes of decreased eosinophils (Eosinopenia)?

i. Congenital

ii. Leukemia

ii. Chemotherapy
v. Steroids.

9. What are the causes of raised basophils (Basophilia)?

i. Stress
ii. Inflammatory states
iii. Leukemia.
10. What are the causes of decreased basophils (Basopenia)?
i. Urticaria
ii. Agranulocytosis
iii. Ovulation
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11. What are the causes of increased lymphocytes (Lymphocytosis)?

i
ii.
iii.
iv.
V.
Vi.
Vii.
viii.
iX.
X.
Xi.
Xii.

Acute viral infections

Infectious mononucleosis

Acute pertussis
Protozoal—Toxoplasmic infections
Tuberculosis

Brucellosis

Chronic lymphocytic leukemia
Acute lymphocytic leukemia
Connective tissue disorders
Thyrotoxicosis

Addison’s disease

Splenomegaly with sequestration of granulocytes.

12. What are the causes of decreased lymphocytes (Lymphocytopenia)?

i

ii.
iii.
iv.
V.
Vi.
vii.
viii.
iX.

Common cold

Corticosteroids
HIV/viral/bacterial/fungal infections
Malnutrition

Systemic lupus erythematosus
Stress

Prolonged physical exertion
Rheumatoid arthritis
latrogenic—radiation.

13. What are the causes of increased monocytes (Monocytosis)?

vi.
Vil.
viii.

Infections—Tuberculosis, syphilis, brucellosis, listeria, subacute
bacterial endocarditis
Protozoal infections

iii. Rickettsial infections

Myeloproliferative disorders

Auto immune diseases
Malignancies: Hodgkin’s, leukemia
Sarcoid

Lipid storage diseases.

14. What are the causes of decreased monocytes (Monocytopenia)?

i
ii.
iii.
iv.

V.

Immunosuppressed states

Bone marrow suppression

Radiation states

Increased destruction: autoimmune states, carcinoma of hematopoietic
system

Hemodialysis.

15. What is erythrocyte sedimentation rate (ESR)?

Erythrocyte sedimentation rate or Biernacki reaction is defined as the rate
at which erythrocytes precipitates in an hour.
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16. What are the principles of ESR?

Erythrocyte sedimentation rate (ESR) is principally determined by the
balance between pro-sedimentary factors and factors that resist
sedimentation. The main pro-sedimentary factor is fibrinogen. The negative
charge on the surface of RBCs called as potential is responsible for
resisting the sedimentation of erythrocytes.

In inflammatory states, increase in fibrinogen causes the erythrocytes to
stick to each other thereby causing ‘Rouleaux’ formation and raised ESR.

17. What are the causes of raised ESR?

A. Physiological:
i. Pregnancy
ii. Exercise
iii. Menstruation
B. Pathological:
i. Anemia
ii. Endocarditis
iii. Renal disorders
iv. Osteomyelitis
v. Rheumatic fever
vi. Rheumatoid arthritis
vii. Thyroid disorder
viii. Tuberculosis
ix. Syphilis
x. HIV.

Causes of very high raised ESR:
i. Giant cell arthritis
ii. Hyperfibrinogenemia
iii. Multiple myeloma
iv. Macroglobulinemia
v. Necrotising vasculitis
vi. Polymyagia rheumatic.

18. What are the drugs which can cause increased ESR?

i. Dextran

ii. Methyl dopa

iii. Oral contraceptives
iv. Penicillamines

v. Theophylline

vi. Vitamin A.

19. What are the causes of decreased ESR?

i. Congestive cardiac failure
ii. Hyperviscosity syndrome
iii. Hypofibrinogenemia
iv. Low plasma protein states
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v. Polycythemia

vi. Sickle cell anemia

vii. Very high blood sugar levels
viii. Severe liver diseases

ix. Drugs—aspirin, cortisone, quinine.

20. What are the common methods to estimate ESR?

i. Westergren’s method
ii. Wintrobe’s method

21. What is tuberculin skin testing (TST)?

The mantoux tuberculin test is the standard method of determining whether
a person is infected with Mycobacterium tuberculosis. Reliable administration
and reading of the TST requires standardization of procedures, training,
supervision and practice.

22. How is the TST Administered?

The TST is performed by injecting 0.1 ml of tuberculin purified protein
derivative (PPD) into the inner surface of the forearm. The injection should
be made with a tuberculin syringe, with the needle bevel facing upward.
The TST is an intradermal injection. When placed correctly, the injection
should produce a pale elevation of the skin (a wheal) 6 to 10 mm in
diameter.

23. How is the TST read?

The skin test reaction should be read between 48 and 72 hours after
administration. A patient who does not return within 72 hours will need to
be rescheduled for another skin test.

The reaction should be measured in millimeters of the induration (palpable,
raised, hardened area or swelling). The reader should not measure erythema
(redness). The diameter of the indurated area should be measured across
the forearm (perpendicular to the long axis).

24. How are TST reactions interpreted?

Skin test interpretation depends on two factors:
i. Measurement in millimeters of the induration
ii. Person’s risk of being infected with TB and of progression to disease
if infected.

25. What are false-positive reaction?

Some persons may react to the TST even though they are not infected
with Mycobacterium tuberculosis. The causes of these false-positive
reactions may include, but are not limited to, the following:

i. Infection with nontuberculosis mycobacteria

ii. Previous BCG vaccination

iii. Incorrect method of TST administration

iv. Incorrect interpretation of reaction

v. Incorrect bottle of antigen used.
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26. What are false-negative reactions?

Some persons may not react to the TST even though they are infected
with Mycobacterium tuberculosis. The reasons for these false-negative
reactions may include, but are not limited to, the following:
i. Cutaneous anergy (anergy is the inability to react to skin tests
because of a weakened immune system).
ii. Recent TB infection (within 8—-10 weeks of exposure).
iii. Very old TB infection (many years).
iv. Very young age (less than 6 months old).
v. Recent live-virus vaccination (e.g. measles and small pox).
vi. Overwhelming TB disease.
vii. Some viral illnesses (e.g. measles and small pox).
viii. Incorrect method of TST administration.
ix. Incorrect interpretation of reaction.

26. Who can receive a TST?

Most persons can receive a TST. Tuberculin skin testing is contraindicated
only for persons who have had a severe reaction (e.g. necrosis, blistering,
anaphylactic shock, or ulcerations) to a previous TST. It is not
contraindicated for any other persons, including infants, children, pregnant
women, persons who are HIV infected, or persons who have been
vaccinated with BCG.

28. How often can TST be repeated?

In general, there is no risk associated with repeated tuberculin skin test
placements. If a person does not return within 48—72 hours for a tuberculin
skin test reading, a second test can be placed as soon as possible. There
is no contraindication to repeating the TST, unless a previous TST was
associated with a severe reaction.

29. What is boosted reaction?

In some persons who are infected with Mycobacterium tuberculosis, the
ability to react to tuberculin may wane over time. When given a TST,
years after infection, these persons may have a false-negative reaction.
However, the TST may stimulate the immune system, causing a positive,
or boosted reaction to subsequent tests. Giving a second TST after an
initial negative TST reaction is called two-step testing.

30. Why is two-step testing conducted?

Two-step testing is useful for the initial skin testing of adults who are going
to be retested periodically, such as health care workers or nursing home
residents. This two-step approach can reduce the likelihood that a boosted
reaction to a subsequent TST will be misinterpreted as a recent infection.

31. Can TST be given to persons receiving vaccinations?

Vaccination with live viruses may interfere with TST reactions. For persons
scheduled to receive a TST, testing should be done as follows:
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= Either on the same day as vaccination with live-virus vaccine or 4—6
weeks after the administration of live-virus vaccine.
= At least one month after smallpox vaccination.

32. Classification of the tuberculin skin test reaction.

Classification of the tuberculin skin test reaction

An induration of 5

or more millimeters is

considered positive in

e HIV infected persons

e A recent contact of a
person with TB
disease

e Persons with fibrotic
changes on chest
radiograph consistent
with prior TB

e Patients with organ
transplants

e Persons who are
immunosuppressed
for other reasons
(e.g. taking the
equivalent of >15
mg/day of prednisone
for 1 month or longer,
taking TNF alpha
antagonists

An induration of 10 or

more millimeters is

considered positive in

e Recent immigrants
(<5 years) from high-
prevalence countries

e Injection drug users

e Residents and
employees of high-
risk congregate
settings

e Mycobacteriology
laboratory personnel

e Personnel

e Persons with clinical
conditions that place
them at high-risk

e Children <4 years
of age

e Infants, children,
and adolescents
exposed to adults
in high-risk
categories

An induration of 15 or
more millimeters is
considered positive

in any person, including
persons with no known
risk factors for TB.
However, targeted skin
testing programs should
only be conducted among
high-risk groups.

33. What is the role chest X-ray in uveitis cases?
i. To rule out active pulmonary TB
ii. To look for sarcoidosis
iii. To look for secondaries.

34. What is the basis of skin tests and what is the role of skin tests

in uveitis?

The basis of all skin tests is delayed hypersensitivity type V.

Uses of skin tests:
In diagnosis of

i. Tuberculosis

ii. Histoplasmosis
ii. Coccidomycosis

v. To indicate anergy—sarcoidosis.

Pathergy test—Behcet’s disease
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35. What is Kveim test? How is it done?

i. Kveim test—A skin test for sarcoidosis
ii. Suspension of antigenic preparation of human sarcoid tissue prepared
from spleen of sarcoidosis patients is injected intradermally
iii. At the end of 6 weeks—a papule develops
iv. Papule is biopsied for evidence of granuloma and giant cells
v. Well formed epithelial tubercles indicate a positive reaction
vi. Sensitivity—Positive in 80% patients of sarcoidosis.

Disadvantages:
i. Requires standardization by testing in patients with sarcoidosis
ii. It is usually negative in patients on steroid treatment.

36. How is Behcet’s skin test done?

i. The skin test for Behcet’'s disease is called Pathergy test.
ii. Intradermal injection of 0.1 ml of sterile saline solution
iii. A pustule develops within 18-24 hours
iv. Patient shows increased sensitivity to needle trauma.
v. Disadvantage: Only rarely positive in the absence of systemic activity.

37. What are the conditions associated with elevated antinuclear
antibodies (ANA)?

i. Systemic lupus erythematosus (SLE)

ii. Juvenile rheumatoid arthritis (JRA)

iii. Scleroderma

iv. Hepatitis

v. Lymphoma

vi. Polyarteritis nodosa.

38. List the conditions in uveitis which are associated with HLA.

i. HLA B27 — Acute anterior uveitis, reiter syndrome
i. HLA B51 - Japanese with Behcet's disease

iii. HLADR4 — VKH
iv. HLAB7 - Macular histoplasmosis

v. HLA A29 Birdshot chorioretinopathy
vi. HLAB8 - Sarcoidosis

39. What is ELISA?

ELISA is enzyme-linked immunosorbent assay. It is very sensitive and
specific.

40. What are uses of ELISA in uveitis?

Used to detect antibodies of toxoplasma, toxocara and herpes simples.
Apart from blood, the test can also be done on aqueous and vitreous
sample.
Patients antibodies are bound to solid phase antigen and then incubated
with enzyme tagged antibody. Measurement of enzyme activity provides
measurement of specific antibody concentration.
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41. What are the serological tests for toxoplasmosis?

i. Toxoplasma dye test/Sabin Feldman test
ii. Hemagglutination test

iii. Indirect fluorescent test

iv. ELISA

v. PCR.

42. What serological tests for syphilis are commonly done in uveitis?
i. Non-treponemal test: VDRL
ii. Treponemal test: FTA-ABS, TPHA.
43. What is the role of VDRL and FTA-ABS in case of suspected
syphilis?
i. FTA-ABS is done in syphilis because of its high sensitivity and
specificity.
ii. VDRL is done to determine state of activity of disease and adequacy
of treatment.
44. What are the two new specific tests for syphilis?

MHA-TP, i.e. microhemagglutination assay for antibodies to Treponema
pallidum.

HATTS, i.e hemagglutination treponemal test for syphilis as 90% positive
for ANA fillies. IgG titer more confirmatory than IgM titer.

45. What is the importance of negative ANA?

Negative result is more important as it excludes the diagnosis.

46. When is ANA considered positive?
ANA is considered positive when titers are 1:10 or 1:20

47. Where is Angiotensin converting enzyme (ACE) produced?
By normal capillary endothelium cells and monocytes.

48. What is normal value of ACE?

Normal value
Males - 12-55 mole mm/ml
Females - 11-29 mole mm/ml

49. What conditions are associated with elevated ACE?

i. Increased in active sarcoidosis (falls to normal if there is systemic
remission even if ocular inflammation is active; i.e. normal ACE
does not rule out sarcoidosis)

ii. Also increased in untreated TB, leprosy, toxoplasmosis (thereby not
specific for sarcoidosis).

50. What is human leukocyte antigen (HLA)?

Human leukocyte antigen (HLA) includes histocompatibility antigens present
on the surfaces of most nucleated cells.



UVEA Y

51. Where are genes for HLA antigens located?
HLA genes are located on short arm of chromosome 6.

Two classes are present
i. Class| — A, B, C
i. Class I — D

52. What is the most important HLA in Uveitis?
Most important is HLA-B 27
HLA-B 27: 58% of normal population
85% in ankylosing spondylitis
70-85% in Reiter's syndrome.
In patients with ankylosing spondylitis, HLA-B27 positivity implies 35%
chance of developing acute uveitis, vis-a-vis 7% if negative.

53. What is the importance of serum calcium in uveitis?

Serum calcium—hypercalcemia occurs in 25% of patients with sarcoidosis
but only rarely positive in isolated ocular sarcoidosis with systemic
remission.

54. What is normal A:G ratio? Name conditions where it is reversed.

i. Normal A:G ratio is 1.5:1 to 2.5:1

ii. Decreased A:G ratio—conditions with elevated antibody concentration,
e.g. chronic infections, SLE, RA, malignancy, collagen diseases

iii. Serum globulin is elevated in sarcoidosis.

55. What is significance of urine culture in cytomegalovirus (CMV)
infection?

It is recovered from urine specimens from 100% patients with acute CMV
infection.

56. What is PCR?

Polymerase chain reaction (PCR) works on the principle of amplification
of a segment of DNA. It is used to identify infectious agents—bacteria,
viruses and parasites.

57. What are the uses of PCR in uveitis?

Currently used to detect viral DNA in eyes with ARN and to diagnosis
ocular toxoplasmosis, TB.

58. What is the importance of serum lactate dehydrogenase (LDH) in
uveitis?

Serum LDH is useful in the diagnosis of retinoblastoma, which can present
as uveitis (masquerade syndrome).

59. Serum lysozyme—what is its importance in uveitis?

= Increased in TB, sarcoidosis, leprosy
= Normal levels 1-2 pg/dl
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60. What is Rheumatoid factor composed of?
i. 7S 1gG
i. 7S IgM
ii. 19S IgM.

61. What are the conditions, in which rheumatoid factor is positive?

i. Rheumatoid arthritis

ii. Juvenile rheumatoid arthritis

iii. SLE

iv. Sjogren’s syndrome

v. Scleroderma

vi. Infections, e.g. syphilis, infectious mononucleosis, hepatitis.

62. What are the conditions, in which rheumatoid factor is negative?

i. JRA (pauciarticular variety)
ii. Seronegative spondyloarthropathies like psoriasis, ulcerative colitis,
Crohn’s disease and Reiter's syndrome
iii. Ankylosing spondylitis.
63. What antibody testing methods are used in uveitis?
i. ELISA
ii. IFA
ii. Complicated fixation test
v. Hemagglutination test.

64. How is anterior chamber (AC) paracentesis done?

It is done with a 26 gauge needle attached to 1 cc tuberculin syringe.
At the limbus a gutter is made with a blade; care taken to be parallel to
plane of iris with bevel up.

It provides small amount of fluid (200-250 pg).

65. Who proposed AC paracentesis first?
Desmont.

66. What are the uses of AC tap?

i. Detection of organisms by direct exam/culture
ii. Microscopic study to rule out malignancy
iii. Assessment of non-specific biological enzyme, e.g. aqueous ACE
iv. Immunological test for infection agent, e.g. ELISA to show herpes
simplex in ARN
v. Cell cytology.

67. How is cell cytology of aqueous sample done?

Small drop of aqueous is placed on the slide-fixed in absolute methanol
for 10 minutes, air dried, stained with Giemsa for 1 hour, rinsed with 95%
ethanol and let to dry.
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68. What are the therapeutic investigations done in uveitis?

i. Vitrectomy
ii. Trial of anti-tuberculous treatment
iii. Trial of steroids.

69. What are the cells found in AH in different condition?

Type of cells Condition

Neutrophils—Bacterial infection

Eosinophils—Parasitic infection

Lymphocytes—Viral, fungal, autoimmune and hypersensitivity uveitis
Macophages—Phacoanaphylactic/Sympathetic ophthalmia

Tumor cells—Foreign Body/Masquerade syndrome

70. How is vitreous aspiration done?

= Done with 18-20 gauge needle
= The aspirate is sent for cytology, antibodies and culture.

71. Why is vitrectomy preferred over vitreous aspiration?

i. Collection of more material
i. Apart from diagnostic use, it may also prove therapeutic, e.g. in
phacoanaphylactic uveitis
iii. Less complications due to controlled traction on vitreous base
iv. Avoids long-term hypotony
v. Chorioretinal biopsy can also be taken with vitrectomy.

72. What are the indications and techniques for chorioretinal biopsy
in uveitis?
The main indication is bilateral vision threatening disease not responding
to treatment, in which etiology cannot be established.
Can be done by:
i. Making scleral flap at site of lesion by microblade and vannas scissor.
ii. Can be also done endoretinally while doing vitrectomy with vitrectomy
scissors and forceps.

73. What are the contraindications of chorioretinal biopsy?
Infections of retina and choroid.

74. What are the complications of chorioretinal biopsy?

i. Choroidal hemorrhage

ii. Retinal detachment

ii. Infection

v. Proliferative vitreoretinopathy.

75.When is lacrimal gland biopsy done in uveitis?

Lacrimal gland biopsy is done in suspected sarcoidosis, but only if lacrimal
glands are clinically enlarged or show increased uptake on gallium scan.
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76. What are the indications for invasive procedures in uveitis?

i. Uncontrolled uveitis
ii. Endophthalmitis

iii. Threatened vision
iv. Doubtful malignancy
v. Viral retinitis

vi. Research tool.

77.How is feces examination useful in uveitis?

It is useful to diagnose the following organisms:
i. E. coli

i. E. histolytica

iii. Ascariasis

iv. Giardiasis (can cause CME).

78. What X-rays are taken in uveitis?

A. X-ray chest: TB, Sarcoidosis, histoplasmosis
In TB—X-ray chest may show fibrocavitary lesions or miliary lesions.
In sarcoidosis—Findings can be divided into 4 stages.

Stage 1: Bilateral Lymphadenopathy and normal parenchyma.

Stage 2: Bilateral Lymphadenopathy and reticulonodular parenchymal
infiltrates.

Stage 3: Reticulonodular infiltrates alone.

Stage 4: Progressive pulmonary fibrosis.

B. X-ray sacroilliac joint: In all young patients with acute unilateral iritis
irrespective of presence or absence of low backache. This is because
X-ray may be positive before patient is symptomatic in cases of
ankylosing spondylitis.

C. X-ray hands and feet: Sarcoidosis
CT/MRI brain is indicated in lymphoma.

D. X-ray skull: Cerebral calcifications in congenital toxoplasmosis, CMV.

79. What is the importance of gallium scan?

i. Gallium is taken up by mitotically active liposomes of granulocytes.
ii. Scanning is done 48 hours after intravenous injection of labelled
gallium citrate.

80. What is the importance of gallium scan in the diagnosis of
sarcoidosis?

i. In acute systemic sarcoidosis, gallium scan of head, neck and chest
shows increased uptake.

ii. This increased uptake + increased aqueous ACE — highly suggestive
of sarcoidosis.

81. In which condition is iris angiography done?
Fuch’s heterochromic iridocyclitis—new vessels—in the angle.
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82. What are the indications of FFA in uveitis?

i.
ii.
ii.
V.

Vogt Koyanagi Harada syndrome

Acute polypoidal multifocal PPE

Multiple evanescent white dot syndrome (MEWDS)
Serpinginous choroiditis.

83. What are the major FFA findings in uveitis?

iv.
iv.
V.
Vi.

Cystoid macular edema

Sub retinal neovascular membrane

Disc leakage

Late staining of retinal vessels

Neovascularization of retina

Retina vascular capillary drop out and reorganization
RPE perturbation.

84. What are the uses of USG (ultrasonography) in uveitis?

Vii.
viii.

To diagnosis masquerade syndromes like lymphoma, benign lymphoid
hyperplasia and diffuse melanoma.

. To plan surgery in hazy media due to complicated cataract.
iii. Vitreal disorders like hemorrhage, inflammation, pars planitis, retained

lens fragments.

iv. Optic disc edema and cupping.

Macular edema and exudative detachment.

. Choroidal thickening, uveal effusion, scieritis, Harada’s disease,

sympathetic ophthalmia hypotony.
To rule out Coat’s disease and intraocular tumors.
Useful in VKH and toxocariasis.

85. What is the importance of visual fields in uveitis?

Association with secondary glaucoma—glaucoma damage can be
estimated.

ii. Behcet's syndrome
. Uveitis syndromes are associated with neurologic disorders VF may

be helpful in differentiating papillitis from juxtapapillary uveitis
Differentiating uveitis from heredodegenerative diseases, e.g. RP
from bone spicule pigmentation seen in luetic uveitis

In the early diagnosis and follow-up.

86. What are the indications for lumbar puncture in uveitis?

VKH
Reticulum cell sarcoma
Intraocular lymphoma.
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3.7. TREATMENT OF UVEITIS

1. What are the aims of therapy?

i. To prevent vision threatening complications
ii. To relieve the patient’s discomfort
iii. To treat the underlying cause if possible.

2. What are the surgeries done in uveitis?

i. Cataract extraction

ii. Pupillary reconstruction
iii. Glaucoma surgery

iv. Peeling of ERM

v. Scleral buckling

vi. Vitrectomy.

3. What is the purpose of using mydriatics/cycloplegics?

i. Give comfort by relieving the spasm of ciliary body and sphincter of
pupil.

ii. Prevent the formation of posterior synechiae by using a short acting
mydriatic to keep the pupil mobile.

iii. Breakdown posterior synechiae.

iv. Reduce exudation from the iris:
1% atropine—most powerful and longest acting cycloplegic in severe
acute inflammation. It is changed to a short acting agent, once
inflammation subsides.

4. Which short acting cycloplegics are used and what is their role?

Short acting cycloplegics are used as they keep the pupil mobile, which
is the best mechanism to prevent synechiae formation.

These agents include:
i. Tropicamide 0.5%, 1.0%
ii. Cyclopentolate 0.5%, 1.0%, 2.0%

(Note: Side effect of cyclopentolate—chemoattractant for leukocytes and
so it may prove bad for uveitis)

When long acting cycloplegics are continued posterior synechiae occurs
in dilated state thereby ill serving the very purpose of it.

5. What are the preparations commonly used topically?

i. Prednisolone acetate 0.12% and 1%
Suspension (Pred Forte)

ii. Prednisolone sodium phosphate solution 0.12% and 1%

iii. Dexamethasone phosphate solution 0.1%

iv. Fluoromethalone 0.1% and 1%
Duration and frequency of application depends upon severity of infammation.
Initially applied more frequently and tapered slowly over weeks as
inflammation subsides.
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Steroids should not be used topically more than 2-3 times/day without
concomitant antibiotic drops applied once/twice daily.
Antibiotic-steroid combinations are usually used.

6. What are the indications for periocular steroids?

i. Severe acute anterior uveitis, especially ankylosing spondylitis with
severe fibrin membrane/hypopyon.
ii. Adjunct to topical/systemic treatment in resistant cases of chronic
anterior uveitis.
ii. Intermediate uveitis.
iv. Poor patient compliance.

7. What are the advantages of periocular steroids over drops?

i. To achieve therapeutic concentration behind lens.
ii. Drugs not capable of penetrating corneas are able to enter the eye
by penetrating sclera.
iii. Long lasting effect achieved when a depot preparation is used.

8. What are the types of periocular preparations used?

i. Anterior subtenon—Persistent severe anterior uveitis.
ii. Posterior subtenon—Intermediate uveitis, posterior uveitis.
iii. Sub-conjunctival and retrobulbar injections.

9. What are the types of periocular preparation used?

i. Triamcinolone acetonide 40 mg
ii. Depo-medral (methylprednisolone acetate) 40 mg.

10. What are complications of periocular steroids?

Topical complication + extraocular muscle fibrosis, scleromalacia and
conjunctival necrosis.

11. Why is posterior sub-Tenon (PST) injection given temporally and
in what frequency?

Because it reaches macula, when given temporally. It is given every
4—-10 weeks. The injection site is close to insertion of inferior oblique,
which corresponds to anatomical macula.

12. What are indications for systemic treatment with oral steroids?

i. Intractable anterior uveitis (that has not responded to topical
medications and anterior sub-Tenon’s injections)

ii. Intractable intermediate and posterior uveitis (that has not responded
to PST).

13. What are contraindications to steroid treatment?

i. Inactive disease with chronic flare
ii. Very mild anterior uveitis
iii. Intermediate uveitis with normal vision
iv. Fuch’s uveitis
v. When anti-microbial treatment is more appropriate, e.g. candidiasis.
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14. What are indications and dose of IV steroids?

i. IV pulse methypredniolone 1 g over 1-2 hour can be employed in
cases of severe inflammatory process that needs to be treated as
rapidly as possible.

ii. IV methylprednisolone 1 g every day 3 days.

15. What are the indications for immunosuppressants?

i. Vision threatening intraocular inflammation
ii. Reversibility of the disease process

ii. No response to steroids

v. Intolerable side effects of steroids.

16. Clinical conditions needing immunosuppresants according to
IUSG?

A. Absolute - Behcet’s

- Rheumatoid arthritis

- Sympathetic ophthalmia

- VKH

- Serpiginous choroidopathy
B. Relative - Intermediate uveitis in adults

- Preretinal vasulitis

- Chronic cycltis

17. What are the classes of immunosuppressives?

i. Antimetabolites - Methotrexate
- Azathioprine
ii. Alkylating agents - Cyclophosphamide
iii. Antibiotics - Cyclosporine
iv. Ergot alkaloid - Bromocripine
v. Dapsone
vi. Colchicine - Anti-inflammatory

18. What are indications and side effects of different immuno-
suppressants?

Indications Side effects

1 |Cyclophosphamide | Behcet’s Marrow suppression
RA Hemorrhagic cystitis
SO Sec. Malignancy

2 |Chlorambucil Behcet’s Marrow suppression
SO Gonadal malignancy

Sec. Malignancy
Hepatotoxicity

3 |Methotrexate SO Marrow suppression
Scleritis Ulcerative stomatitis
Diarrhea

Contd...
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Contd...
Indications Side effects

4 |Azathioprine Behcet’s Marrow suppression
SLE Secondary infection
Pemphigoid

5 [Cyclosporine Behcet’s Hepatotoxicity

Birdshot chorioretinopathy
Corneat graft rejection

Nephrotoxicity
Hyperuricemia

6 [Bromocriptine

Adjunct to cyclosporine in
anterior idiopathic uveitis

Nausea, vomiting
Postural hypotension

7 |Dapsone

Cicatricial pemphigoid

Hemolytic anemia

Nausea

Colchicine

Behcet’s Nausea, vomiting

Marrow suspension

19. What are indications for PKP in uveitis?
Corneal scarring caused by herpes simplex keratouveitis.

20. What are indications for vitrectomy?

Diagnostic—endophthalmitis of suspected infective etiology
Therapeutic—progressive disease (hypotony) complications needing
surgery, e.g. RD iris bombe with hypotony.

21. Ocular complications of steroids.

i

ii.
iii.
iv.
V.
Vi.
vii.
viii.

Xi.

Xii.

Increased IOP

Decreased resistance to infection
Delayed healing of corneal/shear wounds
Mydriasis—may precipitate angle closure glaucoma
Ptosis

Complicated cataract

Blurred vision

Enhances lytic action of collagenase
Paralysis of accommodation

Visual field changes

— scotoma

— constriction

— enlarged blind spot

— glaucoma field defect

Problems with color vision

— color vision defect

— colored haloes around lights
Eyelids and conjunctiva

— Allergic reactions

— Persisted erythema

— Jelangiectasion




| W[} ARAVIND FAQs IN OPHTHALMOLOGY

Xiii.

Xiv.

XV.

XVi.

XVii.
XVviii.

XiX.

Depigmentation

Poliosis

scarring

Fat atrophy

— Skin atrophy

Comea

- SPK

— Superficial corneal defects
Irritation

Lacrimation

Photophopia

Ocular Pain

Burning sensation
Anterior uveitis
Corneal/scleral thickness

— Increased—initial

— Decreased

Toxic amblyopia

Optic atrophy

May aggravate the following diseases:
Scleromalacia perforans
Corneal melting disease
Behcet's disease

Eales disease
Presumptive ocular
Retinal embolic phenomena

22. What are the systemic complications of steroids?
A. Endocrine

i. Adrenal insufficiency

ii. Cushing’s syndrome

iii. Growth failure

iv. Menstrual disorders
B. Neuro psychiatric

Pseudotumor cerebri
Insomnia
Mood swings

iv. Psychosis
C. Gastrointestinal
i. Peptic ulcer
ii. Gastric hemorrhage
iii. Intestinal perforation
iv. Pancreatitis
D. Musculoskeletal
i. Osteoporosis
ii. Vertebral compression fracture
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iii. Aseptic necrosis of femur
iv. Myopathy
E. Cardiovascular
i. Hypertension
ii. Sodium and fluid retention
F. Metabolic
i. Secondary diabetes mellitus
ii. Hyperosmotic ketoacidosis
iii. Centripetal obesity
iv. Hypelipidemia
G. Dermatologic
i. Acne
ii. Hirsuitism
iii. Subcutaneous tissue atrophy
H. Immunologic
i. Impaired inflammatory response
ii. Delayed tissue healing.
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CHAPTER

4.1. TONOMETRY

1. What is the normal intraocular pressure (IOP)?
The normal intraocular pressure is between 10 mm Hg and 21 mm Hg.

2. Why is 21 considered as upper limit?

Intraocular pressure (IOP) distribution in general population resembles a
Gaussian curve but skewed toward right. Mean IOP is considered to be
15.5 + 2.57 mm Hg. Two standard deviation above the mean is
approximately 20.5 mm Hg as approximately 95% of the area under a
Gaussian curve lies between the mean + 2 SD. The concept of normal
IOP limits is viewed as only a rough approximation.

3. What are the two ways by which aqueous is secreted?
i. Active secretion by non-pigmentary ciliary epithelium—80%
ii. Passive secretion by ultrafiltration and diffusion—20%.

4. What are the factors that determine the level of IOP?

i. Rate of aqueous secretion
ii. Resistance encountered in outflow channels
iii. Level of episceral venous pressure.

5. What is normal episcleral venous pressure?
The normal is 8-10 mm of Hg.

6. What are the causes of elevated episcleral venous pressure?

1. Obstruction of venous drainage
i. Thyroid eye disease
ii. Radiation
iii. Pseudotumor
iv. Cavernous sinus thrombosis
v. Jugular vein obstruction
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vi. Superior vena cava obstruction
vii Pulmonary venous obstruction
Il. Arteriovenous fistulas
i. Carotid-cavernous fistula
ii. Sturge-Weber syndrome
ii. Dural fistula
iv. Venous varix.

7. What are the conditions which influence IOP?

i. Diurnal variation

ii. Postural variation

iii. Exertional influences

iv. Lid and eye movement
v. Intraocular conditions

vi. Systemic conditions
vii. Environmental conditions
viii. General anesthesia

ix. Food and drugs.

8. How does the intraocular pressure vary diurnally?

The most common pattern is that the IOP is maximum in the morning and
decreases as day progresses and becomes minimum in the evening. It
once again starts to rise as the night progresses. The variation is about
3 to 6 mm Hg in normal individuals. The variation is about 10 mm Hg or
more in a glaucomatous eye.

9. Why is this diurnal variation due to?

It is due to cyclic fluctuation of blood levels of adrenocortical steroids.
Maximum IOP is reached 3 to 4 hours after the peak of plasma cortisol.
The night time elevated IOP is due to the supine position along with the
fluctuating cortisol levels.

10. What are the types of diurnal variation curves?
There are four types of diurnal variation curves.

They are:

i. Falling type: maximal at 6-8 am followed by a continuous decline
ii. Rising type: maximal at 4-6 pm

ii. Double variation type: with 2 peaks 9-11 am and 6 pm

v. Flat type of curve.

11. How does IOP vary with posture?

The IOP rises (0.3—-6 mm Hg) when the person is lying down. This may
be because of increase in the episcleral venous pressure in the supine
posture.
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12. How does IOP vary with exertion?

Valsalva maneuvers increases IOP (by increasing episcleral venous
pressure) while prolonged exercise decreases IOP (by metabolic acidosis
and increased colloid osmotic pressure).

13. How does IOP vary with lid and eye movement?
Hard lid squeezing increases IOP because of increased orbicularis tone.

14. How does IOP vary with intraocular conditions?

Acute anterior uveitis causes a slight reduction in IOP because of decreased
aqueous humor production. Rhegmatogenous retinal detachment also causes
a reduction because of reduced aqueous humor production as well as
shunting of aqueous humour from the posterior chamber through the vitreous
and retinal hole into the subretinal space.

15. How does IOP vary with systemic conditions?

Systemic factors causing increased IOP:
i. Systemic hypertension
ii. Systemic hyperthermia
iii. ACTH and growth hormone stimulation
iv. Hypothyroidism
v. Diabetes.
Systemic factors causing decreased IOP:
i. Pregnancy
ii. Hyperthyroidism
iii. Myotonic dystrophy.
16. How does IOP vary with environmental conditions?
Exposure to cold decreases IOP (because of lowered episcleral venous
pressure) while reduced gravity increases I0P.
17. How does IOP vary with anesthetic agents?
In general, general anesthetic agents reduce IOP. However, tricholo-
roethylene, ketamine succinylcholine and suxamethonium increase IOP.
18. How does IOP vary with food and drugs?

Factors increasing IOP:
i. Caffeine
ii. Tobacco smoking.

Factors decreasing IOP:
i. Alcohol
ii. Heroin and marijuana.

19. Does heredity influence IOP?

Intraocular pressure (IOP) tends to be higher in individuals with enlarged
cup-disk ratio and in relatives of open-angle glaucoma.
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20. What is tonography?

Tonography is a method used to measure the facility of aqueous outflow.
The facility of outflow is called as the C value and it ranges from
0.22-0.30 pL/min/mm of Hg.

21. How is tonography performed?

The clinician first takes the IOP measurement by using a schiotz tonometer.
The tonometer is placed on the cornea, acutely elevating the IOP. The
rate at which the pressure declines with time is related to the ease with
which the aqueous leaves the eye. The decline in IOP over time can be
used to determine outflow facility.

Tonography technique:

i. Patient in supine position

ii. Topical anesthetic instilled on cornea

iii. IOP measured with 2 brief application of electronic tonometers

iv. 4 minute tracing of pressure at this position till a smooth tracing is
obtained for full 4 minutes

v. Slope is estimated by placing free hand line through middle of
oscillations (readings at beginning and end noted)

vi. Pg and change in readings used to obtain C value from special
tonographic tables.
F=C(Po—-Py
F—Aqueous outflow rate (MI/min), Po—IOP
C—Coefficient of outflow facility, P,—episcleral nervous pressure

22. What is the principle of digital tonometry?

Compressibility of ocular coats is estimated by sense of fluctuation perceived
on palpation.

23. How is IOP measured digitally?

After asking the patient to look down, the sclera is palpated through the
upper lid above the tarsal plate using the tip of 2 fingers. One finger is
kept still and the other indents the globe lightly.

24. What are the types of tonometers?

Tonometers

Contact Non-contact

Indentation Applanation
25. What are the types of weights used in Schiotz tonometry?

A 5.5 g weight is permanently fixed to the plunger, which can be increased
to 7.5 or 10 and 15 g by adding additional weights.
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26. What are the advantages of Schiotz tonometry?

i. Easy to use

ii. Portable

ii. Useful for screening
v. Cost effective.

27. What are the disadvantages of Schiotz tonometry?

i. Ocular rigidity: The more the scleral rigidity, the higher is the reading.
Conversely, in conditions like high myopia, where the scleral rigidity
is low, the IOP is underestimated.

ii. Corneal influences: A steeper or thicker cornea causes a greater
displacement of fluid during indentation tonometry, which leads to a
falsely high tonometry reading.

iii. Blood volume alteration: The variable expulsion of the intraocular
blood during indentation tonometry may also influence IOP
measurement.

iv. Moses effect: The hole in the tonometer foot plate can be a source
of error.

28. What are the precautions to be taken before using Schiotz
tonometry?

i. Touch the artificial cornea till the reading is at zero

ii. Avoid pressure over the eyelids

iii. Sterilize before using.
29. What are the other types of indentation tonometers?

i. Herrington

ii. Grants

iii. Maurice.
30. What are the types of applanation tonometers?
They are of two types:

Variable force Variable area

i. Goldmann i. Maklakov-Kalfa
ii. Perkins ii. Applanometer
iii. Draeger iii. Tonomat
iv. Mackay-Marg iv. Halberg

31. What is the principle of applanation tonometer?

It is based on Imbert-Fick law, which states that the pressure inside an
ideal dry, thin walled sphere equals the force necessary to flatten its
surface divided by the area of the flattening.

P = F/A

32. What is the most common applanation tonometer used?
The one designed by Goldmann for use with Haag-Streit slit lamp.
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33. How much volume of aqueous is displaced?

Approximately 0.5 mm volume of aqueous is displaced.

34. How much of the anesthetized cornea does the circular plate
flatten?

3.06 mm of corneal diameter is flattened, which is always constant. Hence,
it is called constant area applanation tonometer.

35. How is the pressure calculated?

When the area is made constant (3.06 mm) then 0.1 g, reading corresponds
to a pressure of 1 mm Hg.

36. What is the rationale behind using a circular plate of a particular
(3.06 mm) diameter?

At this diameter, the resistance of the cornea to flattening is counter-
balanced by the capillary attraction of the tear film meniscus for the
tonometer head.

37. What dye is used under what illumination?

Fluorescein dye (0.25%) is used and viewed under cobalt blue light.
38. What should be the angle between the source of illumination and
microscope?

The angle should be approximately 60°.

39. What mark is the knob set before the procedure?

The knob is set at 1. If placed at zero, microvibrations are produced which
can cause corneal erosions.

40. What is observed when viewed through the eye piece?

The fluorescence of the stained tear facilitates visualization of the tear
meniscus at the margin of the contact between cornea and bi-prism. A
central blue circle, which is the flattened cornea, surrounded by 2 yellow
semi-circles which is the tear meniscus is seen.

41. What is the desired end point of an applanation tonometer?
The bi-prism which contacts the cornea produces 2 semicircles which
should be equal in size and inner sides of the two should coincide.

42. What are the advantages of applanation tonometers over indentation
tonometry?

i. Reliable and accurate
ii. Reproducible
iii. Not influenced by scleral rigidity.
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43. What are the disadvantages or source of errors of applanation
tonometry?

Vi.

Central corneal thickness: Thicker corneas produce falsely higher
reading while thinner corneas produce falsely lower readings. However,
corneal thickening due to edema causes a falsely lower reading. An
average error is 0.7 mm Hg per 10 microns of deviation from the
mean of 520 microns.

. Semicircles: Wider meniscus and improper vertical alignment causes

falsely higher reading.

Corneal astigmatism: Since astigmatism produces an elliptical area
of contact, there is an error in measurement. IOP is underestimated
in cases of with the rule astigmatism and over-estimated in cases
with against the rule with approximately 1 mm Hg for every 4D of
astigmatism.

Design: It has a complex design and can be done only in sitting
position.

Corneal irregularity: It is not useful in case of corneal irregularity.
Errors following corneal refractive surgery: It will not be accurate
following Lasik surgery.

44. How can errors due to astigmatism be minimized?

The tonometer prisms should be rotated so that the axis of the least
corneal curvature is opposite the red line on the prism holder.

45. What are the methods of disinfection of tonometers?

The following chemicals can be used to sterilize the tip of applanation
tonometers:

Vv

3% hydrogen peroxide

70% isopropy! alcohol

Diluted sodium hypochlorite solution (1:10)
Schiotz tonometer can be heat sterilized.

46. What are the infections likely to be transmitted?

i.
ii.
iii.
V.

Adenovirus of epidemic keratoconjunctivitis (EKC)
HSV—type 1

HIV

Hepatitis B.

47. How is IOP measured in conditions of corneal scarring?

The following tonometers can be used:

iv.

Non-contact tonometers
Mackay-Marg

Tonopen

Pneumatic tonometers.
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48. What are the advantages of tonopen?

i. Used in cases of corneal epithelial irregularities
ii. Measurement of IOP over bandage contact lens
iii. Useful in edematous and scarred corneas
iv. Useful in patients with nystagmus and head tremors
v. Used in operation theatre
vi. Portable.

49. What is the principle of non-contact tonometers?

A puff of air creates constant force which deforms the central cornea. The
time from an internal reference point to the moment of maximum light
detection is measured and converted to I0P.

50. What are the disadvantages of NCT?
i. Tear film damage
ii. False positive and false negatives.
51. What are the newer modalities of IOP measurement?

i. Optical response analyzer

ii. Dynamic contact tonometer (pascal)
ii. Rebound tonometer

v. Preview phosphene tonometer.

52. What is the principle behind dynamic contact tonometer (DCT)?

Pressure applied to an enclosed fluid is transmitted undiminished to every
part of closed system including walls of container. By applying DCT
cornea is placed in a neutral shape so that pressure on interior surface
equals pressure on exterior surface.

53. Advantages of DCT over GAT (Goldmann applanation tonometer).

i. No mechanical calibration

ii. No fluorescein staining

ii. Direct display of pressure as numerical values

iv. Pressure reading independent of corneal thickness.
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4.2. GONIOSCOPY

1. What is gonioscopy?

It is a clinical technique that is used to examine structures in the anterior
chamber angle, using the principle of total internal refraction.

2. What is cycloscopy?

This is a technique of direct visualization of ciliary processes under special
circumstances such as the presence of an iridectomy, wide iris retraction,
aniridia and some cases of aphakia. Main value is in conjunction with
laser therapy to ciliary processes (transpupillary cyclophotocoagulation).

3. What is the principle of gonioscopy?

Under normal conditions, light reflected from the angle structures undergoes
total internal reflection at the tear-air interface. All gonioscopy lenses
eliminate the tear-air interface by placing a plastic or glass surface adjacent
to the front surface of the eye.

4. What are commonly used contact lenses for gonioscopy?

I. Direct gonioscopy (Gonio lens):

i. Koeppe

ii. Barkan

iii. Worst

iv. Swan-Jacob

v. Richardson.
/. Indirect gonioscopy (Gonio prism):

i. Goldmann

ii. Zeiss

iii. Posner

iv. Sussman.

5. Describe direct gonioscopy.

This is performed with a binocular microscope, a fibreoptic illuminator or
a pen light and a direct gonioscopy lens. It is mostly performed with the
patient in a supine position, (example in an operating room for infants
under anesthesia). With direct gonioscopy lenses, an erect view of the
angle structures are obtained.

6. Describe indirect gonioscopy.
Instruments:

1. Goldmann single mirror Mirror in this lens has a height of 12 mm
tilt of 62 degrees from the plano front
surface. Central well has a diameter of 12
mm posterior radius of curvature—7.38 mm

Contd...
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Contd...

2. Goldmann three mirror

Has two mirrors for examination of the fundus
and one for the anterior chamber angle.
Equatorial Mirror: It is largest and oblong
shaped enables  visualization from
posterior pole to equator.

Peripheral Mirror: Intermediate in size,
square shaped enables visualization from
equator to ora serrata.

Gonioscopy Mirror: Smallest and dome
shaped used to visualize extreme periphery
and the angle.

3. Zeiss four mirror
(can be used for
indentation gonioscopy)

All four mirrors are tilted at 64 degrees.
Original 4 mirror lens is mounted on a
holding fork called unger or holder.
Posners lens has permanently attached
holder rod.

Sussmans lens are held directly. Patient’s
own tears are useful as fluid bridge.

4. Ritch trabeculoplasty

Two mirrors are titled at 59 degrees. Two
are titled at 62 degrees convex lens is
present over one mirror of each set.

5. Trabeculens

Has a 30D convex lens in a hollow funnel,
with four mirrors at 62 degrees angles. It
can be used as a diagnostic gonioprism,
as well as for laser trabeculoplasty and
iridotomy.

Techniques:

The cornea is anesthetized and with the patient positioned at the slit lamp,
the gonioprism is placed against the cornea with or without a fluid bridge.
The lens is then rotated to allow visualization of 360 degree of the angle.

Visualization into a narrow angle can be enhanced by manipulating the
gonioprism, by asking the patient to look in the direction of the mirror

being used.

7. Comparison of direct and indirect gonioscopy.

Sl No Advantages

Disadvantages

optics

Indirect
1. Equipment easily available Orientation is confusing initially
2 Quicker procedure Difficult in narrow angles
3. Compression can be done
4 Slit lamp provides light and

Contd...
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Contd...
SI No Advantages Disadvantages
Direct
1. Binocular Comparison Special equipment
2. Simple orientation Time consuming
3. Can see over convex iris Expensive, Uncomfortable to the
patient due to the supine position

8. What is compression gonioscopy?

This is also called as dynamic gonioscopy or indentation gonioscopy. By
varying, the amount of pressure applied to the cornea by a Zeiss contact
lens the physician can observe the effects, since this will cause the
aqueous humor to be forced into the angle. This is used to differentiate
appositional versus synechial angle closure.

9. Describe normal structures of the angle seen in gonioscopy.

Starting at the root of the iris and progressing anteriorly toward the cornea,
the following structures can be identified by gonioscopy (from behind forward):
i. Ciliary body band: This is a gray or dark brown band and is the
portion of ciliary body, which is visible in the anterior chamber as a
result of the iris insertion into the ciliary body.

ii. Scleral spur: This is usually seen as a prominent white line between
the ciliary body band and functional trabecular mesh work. This is
the posterior lip of the scleral sulcus.

iii. Trabecular meshwork: This is seen as a pigmented band just anterior
to the scleral spur. It has an anterior and posterior part. The posterior
part is the primary site of aqueous outflow.

iv. Schwalbe’s line: This is the junction between the angle structures
and the cornea.

10. Mention the clinical uses of gonioscopy.

A. Diagnostic:

i. Differentiate between open angle and angle closure glaucoma

ii. Early detection of narrow angles

iii. Helps in diagnosing secondary glaucomas like trauma (angle recession),
neovascular (new vessels in the angle) and pseudoexfoliative (deposition
of pseudoexfoliation material), and pigmentary glaucoma

iv. Helps in identifying tumor, cysts, foreign bodies or blood in the angle

v. Assess K-F ring (Wilson’s disease).

vi. Postoperative evaluation:
a. Ostium
b. Cyclodialysis
c. Iridotomy.

B. Therapeutic:
i. Indentation gonioscopy can be used to break an attack of acute
angle closure.
ii. Useful to do goniotomy and gonio photocoagulation.
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11. How do you differentiate iris processes and peripheral anterior

synechiae (PAS)?

Iris process

PAS

Lacy, Fenestrated

Solid, not fenestrated

Underlying angle structures visible
through spacer between strands

Preclude any view of underlying
structures

12. How do you differentiate between the normal blood vessel in
angle and the pathological angle vessels?

Normal blood vessel in angle

Pathological angle vessels

Broad

Fine

It will not cross the scleral spur

Cross the scleral spur

Do not arborize

Branch, arborize in Trabecular
Meshwork

trabecular meshwork?

13. How do you differentiate between Sampaolesi’s line and pigmented

Sampaolesi’s line

Pigmented trabecular meshwork

Salt and pepper appearance

Brown sugar

Dark and granular

Fine

Discontinuous

Continuous

14. Mention the causes of trabecular meshwork pigmentation.
i. Pigmentary glaucoma/pigment dispersion syndrome

ii. Pseudoexfoliation

iii. Pseudophakic pigment dispersion

iv. Trauma

v. Following YAG—laser iridotomy
vi. Following acute angle closure glaucoma

vii. Anterior uveitis
viii. Iris melanoma

ix. Epithelial cysts

X. Nevus of ota

xi. Darkly pigmented iris.

15. What are the causes of blood in the angle?

i. Post traumatic
i. Post surgical
ii. Post laser

v. Ghost cells recognized as candy stripe pattern.

16. What are the causes of blood in schlemm canal?
A. Due to increased episcleral venous pressure

i. Carotid-cavernous fistula
ii. Dural shunt
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ii. Sturge-Weber syndrome
v. Obstruction of superior vena cava
v. Ocular hypotony
vi. Post gonioscopy.
B. Due to low intraocular pressure
i. Following trabeculectomy
ii. Hypotony.

17. What are the causes of peripheral anterior synechiae?

i. Primary angle-closure glaucoma
ii. Anterior Uveitis
iii. Iridocorneal endothelial (ICE) syndrome
iv. Secondary glaucoma following intraocular surgery (like wound leak, etc.)
v. Trauma.

18. What are the findings one can expect in gonioscopy following
trauma?

i. Angle recession

ii. Trabecular dialysis
ii. Cyclodialysis

v. Foreign bodies.

GONIOSCOPIC GRADING OF ANGLES STRUCTURE
A. Shaffer’s grading system

S.No | Angle Numeric | Degrees Clinical Structure
Grade Grade Interpretation | visible
1. Wide open 4 35-40 Closure Upto ciliary body
angle degree impossible
2. Open 3 25-35 Closure
degree impossible Upto ciliary body
3. Moderately 2 20 degree | Eventual Trabecular
narrow Closure Meshwork
possible. But| (Pigmented)
unlikely
4. Extremely 1 10 degree | Closure Only Schwalbe
narrow possible line. May be

anterior TM
(Non pigmented)

seen
5. Slit angle S <10 Portions No angle
degree appear structures seen.
closed But no obvious
iridocorneal
contact
6. Closed 0 - Closure Iridocorneal

angle complete contact
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In Grade O—Indentation gonioscopy with zeiss goniolens in necessary to
differentiate appositional from synechial angle closure.

1. Define occludable angle.

This is a condition in which pigmented trabecular meshwork is not visible
(shaffer grade 1 or 0) without indentation or manipulation in atleast three
quadrants.

2. Scheie’s Gonioscopic Classification.

S.No | Grade Structure visible

1. Wide open All structure visible

2 Grade 1 narrow Hard to see the root of iris

3 Grade 2 narrow Ciliary body band obscured

4. Grade 3 narrow Posterior trabecular meshwork obscured
5 Grade 4 narrow Only Schwalbe’s line visible

3. Spaeth Classification.
Takes four parameters into consideration.

a. Site of iris root insertion

Anterior to TM (i.e. schwalbe’s line)

Behind schwalbe’s line (at the level of TM)

Centred at the level of scleral spur

Deep to scleral spur (i.e. anterior to CB)

m| | O| @| >

Extremely deep Inserted into CB

b. Width or geometric angle of iris insertion
The angle between the intersection of imaginary tangents formed by
peripheral third of iris and the inner wall of corneosclearal junction. It is
graded as 10, 20, 30 degree and 40 degree.

c. Contour of peripheral iris near the angle

S Steep or convex configuration
R Regular or flat
Q Queer—deeply concave

d. Intensity of trabecular meshwork pigmentation minimal or no pigment—
grade—to dense pigment deposition grade 4.
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4.3. GLAUCOMA DIAGNOSTIC WITH
VARIABLE CORNEAL
COMPENSATION (GDx VCC)

1. What are the key elements of the printout?

A. The thickness map
Retinal nerve fiber layer (RNFL) thickness represented on color
coded map
Thick RNFL—yellow, orange, red
Thin RNFL—dark blue, light blue and green.
B. The deviation map
Location and magnitude of RNFL defects over the map.
C. The TSNIT map
Displays RNFL thickness over the calculation circle
Normal TSNIT—Map follows a double hump pattern, i.e.
Thick RNFL—superior, inferior
Thin RNFL—nasal, temporal
shows actual values along with shaded area representing normal range
for that age.
D. The parameters
i. TSNIT average
ii. Superior average
iii. Inferior average
iv. TSNIT standard deviation
v. Inter eye a symmetry.

2. How is the measurement done? What area is measured and at
how many points?

It is performed with an undilated pupil of at least 2 mm diameter.
As the scanner has two mirrors that oscillate at 4000/sec, there is a high-
pitched noise emitted.

65,536 points are measured in a full 15 x 150 grid centered at the optic
nerve head.

The central ellipse denotes an area of 1.75 disk diameter in size.

The reproducibility of images is 5-8 micron per measured pixel.

Image quality check: A warning is given if image fails to meet criteria.
The quality of image is affected by cataracts and poor media clarity.

3. What are the abnormal patterns on the thickness map?

Abnormal patterns include:
i. Diffuse loss of NFL, causing areas that should be yellow to fade to red
ii. Focal defects are seen as concentrated dark areas (Should be visible
on fundus image as well)
iii. Asymmetry between superior and inferior quadrants
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iv. Asymmetry between the two eyes
v. Higher than normal nasal and temporal thickness (red and yellow
where blue should be).

4. What is the sensitivity and specificity of GDx VCC?
i. Sensitivity—96%
ii. Specificity—93%.

5. What are advantages of GDx VCC?

Advantages of GDx VCC:
i. Easy to operate
ii. Does not require pupillary dilatation
iii. Good reproducibility
iv. Does not require a reference plane
v. Can detect glaucoma on the first exam
vi. Early detection before standard visual field
vii. Comparison with age matched normative data base

6. What are limitations of GDx VCC?

Limitations of GDx VCC:
i. It does not provide optic nerve head analysis
ii. Limited use in moderate/advanced glaucoma
iii. Does not measure actual RNFL thickness (inferred Value)
iv. No clinical studies on detection of progression using this technology
v. No database from the Indian population
vi. Affected by anterior and posterior segment.

Pathology such as:
i. Ocular surface disorders
ii. Macular pathology
iii. Cataract and refractive surgery
iv. Refractive errors (false positive in myopes)
v. Peripapillary atrophy (scleral birefringence interferes with RNFL
measurement).

7. What is scanning laser polarimetry?

Scanning laser polarimetry is an imaging technology that is utilized to
measure peripapillary RNFL thickness. It is based on the principle of
birefringence. GDx is the trade name which uses this technology.

8. What is VCC?

VCC stands for variable corneal compensator, which has been created to
account for the variable corneal birefringence in patients.
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4.4. GLAUCOMA VISUAL FIELD DEFECTS

1. What is visual field?

Traquair defined visual field as an island hill of vision in a sea of darkness.
The island of vision is usually described as a three-dimensional graphic
representation of differential light sensitivity at different positions of space.

2. What is the extent of the normal visual field?

Superior : 60 degrees
Inferior : 75 degrees
Nasally : 60 degrees

Temporally : 120 degrees

3. What is blind spot?

This region corresponds to the optic nerve head, and because there are
no photoreceptors in the area, it creates a deep depression within the
boundaries of the normal visual field.

4. What is kinetic perimetry?

Kinetic perimetry is one in which a target is moved from an area where
it is not seen to an area where it is just seen, e.g. Goldmann perimetry.

5. What is static perimetry?

A stationary stimulus is presented at various locations, e.g. Humphrey’s
perimetry.

6. What are the variables that can influence perimetry?

i. Alertness of the patient
ii. Fixation must be constant and centered
iii. Background luminance: should be maintained between 4 and 31
apostilbs
iv. Brighter the stimulus, more visible it will be
v. Patient refraction should be fully corrected
vi. Pupil size should be constant (2—4 mm)
vii. Increasing age is associated with a reduction in retinal threshold
sensitivity
viii. High cheekbones and sunken socket
ix. Media clarity.

7. What are the causes of generalized decrease in sensitivity of the
visual field?

i. Glaucoma

ii. Cataracts

iii. Use of miotics

iv. Gross uncorrected refractive errors
v. Other media opacities
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8. What is an isopter?

A line on a visual field representation connecting points with the same
threshold. It is usually done on a two-dimensional sheet of paper.

9. What is a scotoma?

An area of decreased retinal sensitivity within the visual field surrounded
by an area of greater sensitivity.

10. What is a depression?
Depression is a decrease in retinal sensitivity.

11. What are the sequential progression of visual field defects in
glaucoma?

i. Generalized depression

ii. Paracentral scotoma

iii. Siedel's scotoma

iv. Arcuate or Bjerrum scotoma

v. Double arcuate or ring scotoma

vi. Nasal step

vii. Progressive contraction
viii. Central island and temporal island with or without split fixation.

12. What are angioscotomas?

Angioscotomas are long branching scotomas above and below the blind
spot, which are presumed to result from shadows created by the large
retinal blood vessels.

13. What is Bjerrum’s area?

It is an arcuate area extending above and below the blind spot between
10 and 20 of fixation point.

14. What is Arcuate (or) Bjerrum’s Scotoma?

The arcuate scotoma starts from the blind spot and arches above or below
fixation, or both, to the horizontal median raphe, corresponding to arcuate
retinal nerve fibres. Visual loss in glaucoma commonly occurs within this
arcuate area, especially in the superior half, which correlates with the
predilection of the inferior and superior poles.

15. What are the differential diagnosis for arcuate scotoma?

A. Chorioretinal lesions:
i. Juxtapapillary choroiditis
ii. Myopia with peripapillary atrophy
ii. Panretinal photocoagulation.
B. Optic nerve head lesions:
i. Drusen
ii. Retinal artery plaques
iii. Chronic papilledema
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iv. Colobomas
v. Optic pit.
C. Anterior optic nerve head lesion:
i. Electric shock
ii. Retrobulbar neuritis
iii. Cerebral arteritis
iv. Ischemic optic neuropathy.
D. Posterior lesions of the visual pathway:
i. Pituitary adenoma
ii. Optochiasmatic archnoiditis
iii. Meningiomas of dorsum sella.

16. What is paracentral scotoma?

It is the earliest clinically significant field defect. It may appear either
below or above the blind spot in Bjerrum area.

17. What is Seidel’s scotoma?

When the disease progresses, paracentral scotoma joins with the blindspot
to form a sickle shaped scotoma known as Seidel's scotoma.

18. What is ring (or) double arcuate scotoma?

It develops when the two arcuate scotomas join together.

19. What is Roenne’s central nasal step?

It is created when the two arcuate scotomas run in different arcs and meet
to form a sharp right angled defect at the horizontal meridian.

20. What is true baring of blindspot and false baring of blindspot?

When a small isopter is being studied, a patient with Seidel's scotoma
may demonstrate a connection between the blindspot and non-seeing area
outside the 25 degree radius. This is true baring of blind spot. A normal
patient may exhibit false baring of blindspot, when the isopter is just
outside blindspot.

21. What are the differences between neurological and glaucomatous
field defects?

Neurological field defects Glaucomatous field defects
i. It follows the vertical meridian i. It follows horizontal meridian
ii. Absolute field defect ii. Relative field defect
iii. Field defects are mostly iii. Field defects are incongruous.
congruous.

22. What is standard automated perimetry (SAP)?

It is also called as achromatic automated perimetry. With this procedure,
threshold sensitivity measurements are usually performed at a number of
test locations using white stimuli on a white background.

23. What is short wavelength automated perimetry (SWAP)?

This is also known as blue yellow perimetry. Standard perimeters are
available that can project a blue stimulus onto a yellow background.
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Sensitivity to blue stimuli is believed to be mediated by small bi-stratified
ganglion cells that typically have large receptive fields. This method is
more sensitive to detect early stages of glaucoma.

24. What are the advantages and disadvantages of SWAP?

Advantages
i. Detects glaucoma early
ii. Can track progression.

Disadvantages
i. Tedious and time consuming
ii. Affected by refractive error and media opacities.

25. What is frequency doubling technology (FDT) perimetry?

The FDT perimeter was developed to measure contrast detection thresholds
for frequency doubled test targets. This test uses a low spatial frequency
sinusoidal grating undergoing rapid phase reversal flicker. The instruments
employ a 0.25 cycle per degree grating phase reversed at a rapid 25 Hz.
It is believed that this stimuli employed in this test preferentially activate
the M cells and are most sensitive in the detection of early glaucomatous
loss.

26. What are the advantages and disadvantages of FDT perimetry?

Advantages

i. Portable

ii. Can be used in ambient illumination

ii. Relatively insensitive to refractive error
v. Shorter learning curve.

Disadvantages

i. Affected by media opacity

ii. False positives possible.
27. What is false positivity?
When a patient responds at a time when no test stimulus is being presented,
a false positive response is recorded. False positives more than 33%
suggests an unreliable test.
28. What is false negativity?
When a patient fails to respond to a stimulus presented in a location where
a dimmer stimulus was previously seen, a false negative response is
recorded. False negativities more than 33% suggest an unreliable test.
29. What is threshold?
The differential light sensitivity at which a stimulus of a given size and
duration of presentation is seen 50% of the time.
30. What is a decibel (dB)?

The measured light sensitivity is expressed in logarithmic units referred to
as decibels. It is a 0.1 log unit. It is a relative term used both in static and
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kinetic perimetry. It refers to log units of attenuation of the maximum light
intensity available in the perimeter. The standard staircase strategy used by
automated perimeters employs an initial 4 dB step size that decreases to
2 dB on first reversal and continues until a second reversal occurs.

31. What are the testing strategies in automated perimetry?

i. Suprathreshold strategy . For screening purposes
ii. Threshold related strategy : For moderate to severe defects
iii. Threshold strategy : Current standard for automated
perimetry

iv. Efficient threshold strategies : This is a shorter threshold testing
typified by Swedish interactive
thresholding algorithm (SITA) and
takes only 50% of regular threshold
strategy.

32.What are the common programs for glaucoma testing using
automated perimetry?

i. Octopus 32 : Central 24 degree and
30 degree programs
ii. Humphrey field analyzer (HFA) : 24-2 and 30-2 programs.

These programs test the central field using a 6 degree grid. For patients
with advanced visual field loss that threatens fixation, serial 10-2 should
be used.

33. What are test programs of HFA?

i. Central field test : Central 30-2 test
Central 24-2 test
Central 10-2 test
Macula test

ii. Peripheral field test . Peripheral 30/60-1
Peripheral 30/60-2
Nasal step
Temporal crescent

iii. Speciality test : Neurological-20
Neurological-50
Central 10-12
Macular test

34. What is central 30-2 tests?

It is the most comprehensive from of visual field assessment of the
central 30 degrees. It consists of 76 points at 6 degrees apart on either
side of the vertical and horizontal axes. The inner most points are three
degrees from the fixation point.

35. What is mean deviation?

It is the mean difference between the normative data for that age compared
with that of collected data. It is more an indicator of the general depression.



GLAUCOMA g2

36. What is pattern standard deviation?

It is a measure of variability between two different points within the field,
i.e. it measures the difference between a given point and adjacent point.
It determines localized field effect.

37.What is glaucoma Hemifield test?

It compares the five clusters of points in the upper field (above the
horizontal midline) with the five mirror images in the lower field. These
clusters of points are specific to the detection of glaucoma outside normal
limits.

38.What are the indicators in automated perimetry which indicates
glaucomatous progression?

i. Average fluctuations between two determinations of visual field will
be more than 3 dB

ii. Deepening of an existing scotoma is suggested by the reproducible
depression of a point in an existing scotoma by >7 dB.

iii. Enlargement of an existing scotoma is suggested by the reproducible
depression of a point adjacent to an existing scotoma by >9 dB.

iv. Development of a new scotoma is suggested by the reproducible
depression of a previously normal point in the visual field by >11 dB,
or of 2 adjacent, previously normal points by >5 dB.

39. What is the criteria to grade glaucomatous field defects?

Parameters

Early defects

Moderate defects

Severe defects

Mean Deviation

<-6 dB

-6dB — -12 dB

>-12 dB

Corrected pattern
standard deviation

Depressed to
the P < 5%

Depressed to
the P < 5%

Depressed to
the P < 5%

Pattern deviation plot
1. Points depressed
below P < 5%

<18 (25%)

<37 (50%)

>37 (>50%)

with sensitivity
<15 dB

2. Points depressed | <10 <20 >20

below P < 1%
Glaucoma Hemifield | Outside Outside normal | Outside normal
test normal limits Limits limits
Sensitivity in central | No point One hemifield Both hemifields
5 degree <15 dB may have point | have points with

sensitivity
<15 dB

40. What are Anderson’s criteria?

i. Glaucoma hemifield test (GHT): Outside normal limits on at least two
consecutive occasions.
ii. Three or more nonedge points in a location typical of glaucoma all
of which are depressed at P < 5% and one of which is depressed
at P < 1% level on two consecutive occasions.




p/I[I} ARAVIND FAQs IN OPHTHALMOLOGY

iii. Corrected pattern standard deviation (CPSD), (it takes into account
the short term fluctuations; thereby highlighting the localized defects.
It accounts for intra observer variations), at P < 5% level.

41. What are the features of tangent screen?

i. It may be used at 1 or 2 meters
ii. It should have a uniform illumination of 7 foot candles
iii. Should be large enough to allow testing of the full 30° of central field.

42. What are the features of Goldman perimetry?

i. Itis a type of bowl perimetry
ii. The maximum stimulus should be 1000 apostilbs
iii. The background illumination should be 31.5 apostilbs
iv. Athreshold target is initially identified. Careful investigation of the 5°,
10° and 15° isopters is necessary to detect early glaucoma.

43. What are the other psychophysical tests useful in glaucoma?

i. High pass resolution perimetry
ii. Motion detection perimetry
iii. ERG
iv. Pattern ERG
v. Multifocal visual evoked potential.
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4.5. ULTRASOUND BIOMICROSCOPY IN
GLAUCOMA

1. What is UBM?

The ultrasound biomicroscope (UBM) is a high frequency ultrasound machine
with 50—100 MHz transducers. It is used to image ocular structures anterior
to the pars plana region of the eye in living patients.

2. Give characteristics of the UBM image.

It produces cross sectional images of anterior segment structures providing
i. Lateral resolution of 50 p
ii. Axial resolution of 25 p
iii. Depth of penetration of approximately 4-5 mm
iv. Field of view is 5 x 5 mm
v. Vertical image lines 256
vi. Scan rate is 8 frames/second

3. What are qualitative uses of UBM?
. GLAUCOMA

a. Angle closure glaucoma
Angle closure can occur in four anatomic sites, the iris (pupillary block),
the ciliary body (plateau iris), the lens (phacomorphic glaucoma) and behind
the iris by a combination of various forces (malignant glaucoma and other
posterior pushing glaucoma types). Differentiating these sites is the key
to provide effective treatment. UBM is extremely useful in achieving this
goal.
i. Angle occludability
Dark room provocative testing can be done generating objective
results using UBM.
ii. Pupillary block
Unbalanced relative pressure gradient between anterior and posterior
chamber results in anterior iris bowing, angle narrowing and acute or
chronic angle closure, seen on UBM.
iii. Plateau iris
Indentation UBM shows double-hump sign (as seen on indentation
gonioscopy).
iv. Malignant glaucoma
UBM clearly shows that all anterior segment structures are displaced
and pressed tightly against the cornea with or without fluid in the
supraciliary space.
v. Other causes of angle closure
Iridociliary tumor, enlargement of ciliary body due to inflammation or
tumor infiltration, air or gas bubble after intraocular surgery, can be
diagnosed on UBM.
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b. Open-angle glaucoma

The only type of open-angle glaucoma showing typical finding on UBM is
pigment dispersion syndrome. UBM shows widely open angle, posterior
bowing of the peripheral iris and increased iridolenticular contact.

Il. OCULAR TRAUMA

i. Detection of foreign body
Wood and concrete: Shadowing artifact
Metal and glass: Cosmetic artifact
Detection of location of intraocular lens for research purposes

ii. Angle recession
Ultrasound biomicroscopy (UBM) shows the separation between the
longitudinal and circular ciliary muscles

iii. Cyclodialysis
Cyclodialysis cleft confirmed on UBM as an echoluscent streak
between the sclera and ciliary body, just posterior to the scleral spur.

4. What are quantitative uses of UBM in biometry of anterior chamber?

Quantitative uses in biometry of anterior chamber
Determination of:

i. Corneal thickness

ii. Anterior chamber depth

ii. Posterior chamber depth

iv. I0L thickness

v. Scleral thickness.

5. Advantages and disadvantages of UBM.

Advantages
i. Quick
ii. Convenient
iii. Minimally invasive investigative tool
iv. Imaging of the anterior segment structures is possible even in eyes
with corneal edema or corneal opacification that precludes gonioscopic
assessment.

Disadvantages
i. Bulky instrumentation
ii. Limited penetration into the eye.
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4.6. ANGLE CLOSURE GLAUCOMA

1. Classify angle closure glaucoma.

1. Primary:
A. With pupillary block
i. Primary angle closure (acute/subacute/chronic)
B. Without pupillary block
i. Plateau iris syndrome
ii. Plateau iris configuration
2. Secondary:
A. With pupillary block
i. Miotic induced
ii. Swollen lens
iii. Mobile lens syndromes (ectopia lentis/microspherophakia)
B. Without pupillary block
i. Synechiae to lens/vitreous/PCIOL
ii. Anterior “PULLING” mechanisms (iris is pulled forward by some
membrane)
1. Neovascular glaucoma
2. Iridocorneal endothelial syndromes
3. Post PKP
4. Aniridia
iii. Posterior “PUSHING” mechanisms (iris is pushed forward by some
posterior segment pathology with anterior rotation of the ciliary body)
1. Ciliary block glaucoma
. Cysts of iris/ciliary body
. Nanophthalmos
. Intraocular tumors
. Intravitreal air (pneumoretinopexy)
. Suprachoroidal hemorrhage.

OOk WN

2. What are the modern consensus classifications?

i. Primary angle closure suspect:

— Greater than 270° of iridotrabecular contact
— Absence of PAS
— Normal IOP, disk and visual fields

ii. Primary angle closure (PAC)
— Greater than 270° of iridotrabecular contact
— Either elevated IOP and/or PAS
— Normal disk and fields

iii. Primary angle closure glaucoma (PACG)
— Greater than 270° of iridotrabecular contact
— Elevated IOP plus optic nerve and visual field damage.
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3. What are the predisposing factors for angle closure glaucoma?
The predisposing factors for ACG include:

a. Anatomical factors
i. Eyes with small axial length (hypermetropia, nanophthalmos)
ii. Smaller corneal diameter
iii. Decreased corneal height
iv. Shallow anterior chamber
v. Plateau iris configuration
vi. Anteriorly placed iris lens diaphragm
vii. Thicker and more curved lens (e.g. microspherophakia)
viii. More anterior insertion of the iris into the ciliary body.

b. Physiological factors
i. Mid dilated pupil
ii. Dim illumination
iii. Near work
iv. Prone position.

c. Demographic factors
i. Gender: More common in females
ii. Race: Indians, Eskimos and other Asian groups.

d. Psychosomatic factors
i. Type-l personality.

4. What are the two forms of iridotrabecular contact?

i. Appositional
ii. Synechial.

5. How does the risk of PACG increase with age?

i. Continuing growth of the lens thickness
ii. More anterior position of the lens
iii. Pupil becomes increasingly miotic.

6. Why is the mid dilated pupil a significant cause of increased
pupillary block?
i. Posterior vector of force of the iris sphincter muscle reaches its
maximum during the mid-dilated time
ii. Peripheral iris is under less tension and is more easily pushed forward
into contact with the trabecular meshwork
iii. Dilation also causes thickening and bunching of the peripheral iris.
With full dilation, there is no contact between the lens and iris and
hence there is no pupillary block.

7. What is plateau iris syndrome?

The plateau iris syndrome is a form of PACG. It is less common than
pupillary block and is observed most commonly in young adults. Plateau
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iris syndrome is caused by forward displacement of the ciliary body with
corresponding ciliary processes, which hold the peripheral iris in an anterior
position overlying the trabecular meshwork. The iris is commonly located
on the same plane as Schwalbe’s line and a recess is present in the
peripheral angle.

8. How do you diagnose plateau iris syndrome?

Patients with plateau iris syndrome are characteristically asymptomatic
until they experience an attack of acute angle closure or develop chronic
angle closure. They demonstrate deep axial anterior chambers but narrow
peripheral anterior chambers when examined with a slit lamp.

On gonioscopic examination, the iris is flat instead of convex with a
corresponding narrow anterior chamber angle. If indentation gonioscopy is
used, the trabecular meshwork is visible with a sine wave appearance of
the peripheral iris due to the iris hanging over the anterior ciliary processes.

To definitively diagnose plateau iris syndrome, a peripheral iridotomy must
be performed; an anterior chamber angle that remains occludable confirms
plateau iris syndrome.

9. What is plateau iris configuration?

Plateau iris configuration occurs when the typical iris configuration is
present but without angle closure.

10. How is plateau iris syndrome treated?

Most cases of suspected plateau iris syndrome have at least some
component of pupillary block and patients are treated with peripheral
iridotomy.

If the diagnosis of plateau iris syndrome is confirmed, argon laser iridoplasty
may be used to shrink the peripheral iris and relieve the closed angle
11. What are the drugs capable of precipitating angle closure
glaucoma?

a. Antipsychotic agents

i. Antidepressants : Phenothiazines

ii. Monoamine oxidase inhibitors : Amitryptyline
b. Antiparkinsonian agents

i. Sympathomimetic agents : Phenylzine

ii. Mydriatic agents : Adrenaline

12. Why is the eye pain more in PACG than in POAG, even with the
same |IOP?

The eye pain appears to be related more to the rapid rate of the rise in
IOP than the actual pressure.
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13. What is the cause of defective vision in PACG initially?

The blurred vision occurs first as a result of distortion of the corneal
lamellae and later as a result of corneal epithelial edema.

14. What is colored haloes due to?

Haloes is due to corneal epithelial edema, which acts as a diffraction
grating that breaks white light into its component colors.

15. How does the colored haloes present?

It presents with blue-green color in the center and yellow-red color in the
periphery.

16. What are the other conditions which can cause colored haloes?

i. Mucus on the cornea due to conjunctivitis
ii. Incipient stage of cataract

ii. Vitreous opacities

v. Snow blindness

v. Tilt of IOL.

17.What is Fincham test?

Fincham or the staenopic test is a test used to distinguish between the
haloes seen in incipient cataract and angle closure glaucoma. A staenopic
slit is placed in front of the eye and moved from one end of the pupillary
aperture to the other. In glaucoma the halo remains intact while the halo
in incipient cataract breaks into component colors.

18.What is the incidence of developing angle closure in the fellow
eye?
About 50% within 5 years.

19. Describe the clinical features of the various stages of angle closure
glaucoma.

l. Prodromal stage:
i. Presence of haloes
i. White eye
iii. Intermittent attacks of mild pain
iv. IOP may rise to 40-60 mm Hg.
Il. Phase of constant instability:
i. Intermittency is replaced by regularity
ii. Increase in diurnal fluctuations.
lll. Acute congestive attack:
i. Circumcorneal congestion
ii. Corneal edema
iii. Pain and vomiting
iv. Shallow AC
v. Pupil moderately dilated and vertically oval
vi. Very high IOP.
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iv. Chronic closed-angle glaucoma:
i. Presence of PAS
ii. IOP remains high between attacks
iii. Decreased vision and fields.
v. Absolute glaucoma:
i. Vision is no PL
ii. Corneal sensation absent
iii. Dilated circum corneal vessels
iv. Atrophic iris and ectropion uvea
v. Optic disk cupped
vi. Stony hard eye
vii. Scleral staphyloma.

20. What are the differential diagnosis of acute angle closure glaucoma?

A. Evidence of compromised angle on gonioscopy or shallow anterior
chamber
i. Ciliary block glaucoma
ii. Neovascular glaucoma
ii. Iridocorneo endothelial (ECE) syndrome
v. Plateau iris syndrome with angle closure
v. Secondary angle closure with pupillary block (phacomorphic glaucoma).
B. High pressure open-angle glaucomas masquerading as acute angle
closure
i. Glaucomatocyclytic crisis

ii. Herpes simplex keratouveitis

iii. Herpes zoster ophthalmicus

iv. Pigmentary glaucoma

v. Exfoliative glaucoma

vi. Phacolytic glaucoma.

21. Why is the pupil in angle closure glaucoma vertically mid dilated
and nonreacting?

It is due to iris sphincter ischemia and paresis due to high IOP.

22. What is inverse glaucoma?

Inconditions like spherophakia, miotics increase theiris lens contactarea due
to slackening of the zonules (due to ciliary muscle contraction) leading to forward
displacement of the lens thus precipitating oraggravating the pupillary block.
23. What are the gonioscopic findings in angle closure glaucoma?
In chronic angle closure, peripheral anterior synechiae is seen late in the
course. In the subacute/acute congestive stages the angle shows an
occludable configuration.

24. How do you do gonioscopy in the presence of corneal edema?

After application of one or two drops of anhydrous glycerin.

25. What are the signs suggestive of previous attacks angle closure?

i. Iris pigments on the back of cornea and endothelial loss
ii. Peripheral anterior synechiae
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iii. Sectoral iris atrophy

iv. Posterior synechiae

v. Mid-dilated sluggishly reacting pupil
vi. Glaukomflecken

vii. Visual field loss
viii. Diminished outflow facility

ix. Optic nerve cupping.

26. What are the various provocative tests used to diagnose angle
closure glaucoma?

The various provocative tests include:
i. Mydriatic test
ii. Dark room test
iii. Prone test
iv. Prone dark room test
v. Phenylephrine-pilocarpine test
vi. Triple test.

Mydriatic test:

Baseline IOP and gonioscopy done

[

Pupil of one eye dilated with a weak short acting
parasymaptholytic ( 0.5% tropicamide) or a weak
sympthomimetic (hydroxyamphetamine)

[

After the pupil reaches 4—6 mm size
IOP and gonio are repeated again

IOP rise > 8 mm Hg or gonio showing angle showing
closure test is considered positive. Some advocate an
additional inclusion of tonography in the test, decrease of
outflow facility by 30% is taken as positive.

Dark room test:
Baseline IOP and gonioscopy done

Patient placed in a dark room for 90 minutes
and instructed to stay awake

y

After the pupil reaches 4—-6 mm size IOP and gonio
are repeated again

IOP rise >8 mm Hg or gonio showing angle closure is
considered positive.
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Prone test:

Baseline IOP and gonioscopy done

[

Patient placed prone for 45—60 minutes and instructed
to avoid pressure on the eyes, the patient should be awake

[

IOP is measured with a Perkin's tonometer with the patient prone.
(In this test mydriasis is not involved).

Dark room prone test:
This test combines the features of dark room test and prone test.

Phenylephrine-pilocarpine test:
This test uses 10% phenylepherine and 2% pilocarpine to produce a
pupillary block by creating a mid dilated pupillary state.

Triple test:

The pupil is dilated with a weak cycloplegic

y

If negative the patient is given 1 liter of water orally

[

If still negative then 4% pilocarpine is administered
A positive test is defined as a rise of IOP > 10 mm Hg and the angles
closed gonioscopically.

27. What are the optic nerve head changes seen in angle closure
glaucoma?

i. In the acute stage the view is obscured by the corneal edema, but
after the corneal edema clears out, the disk is seen to be congested
with or without multiple hemorrhages. In chronic angle closure, the
disk changes are similar to the changes seen in POAG.

ii. In chronic congestive stage, the disk will be pale.

28. What are the field defects in angle closure glaucoma, during an
attack?
There is generalized constriction of the fields.

29. Indications of trabeculectomy in angle closure glaucoma.

i. Documented progression of glaucoma after maximal tolerable medical
therapy
ii. Synechial angle closure (>270°)
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30. What is the role of nonpenetrating glaucoma surgeries in angle
closure glaucoma?

Angle closure glaucoma serves as a relative contraindication to non-
penetrating glaucoma surgeries. Since the trabecular meshwork is very
close to the root of iris, effective filtration may not occur.

31. What is Vogt’s triad?

A triad of symptoms usually seen in post congestive glaucoma or any
treated case of angle closure glaucoma. It includes:

i. Glaukomflecken

ii. Patches of iris atrophy

ii. Slightly dilated non reacting pupil.

32. How do we manage the terminal stage of primary angle closure
glaucoma?

The terminal stage of PACG, i.e. absolute glaucoma is characterized by
i. Painful blind eye
ii. Ciliary congestion and caput medusa appearance of limbal vessels
iii. Shallow AC
iv. Atrophic iris
v. Band keratopathy
vi. Very high I0P (stony hard eyeball)
vii. Optic atrophy.

Management
i. Topical antiglaucoma medications
ii. Topical steroids
iii. Cycloplegics (preferably atropine).

If pain still persists
i. Cryophotocoagulation/cyclophotocoagulation
ii. Retrobulbar alcohol injection
iii. Evisceration/enucleation.

33. How is retrobulbar alcohol given (technique)?

Initially about 2—3 ml of lignocaine is injected in the retrobulbar region. The
needle is then held in place while the syringe is replaced with a 1 ml
syringe containing 95-100% alcohol. (some prefer to use 50% alcohol).
The alcohol is then injected into the retrobulbar space. This is effective
for 3—6 months.

34. What do you anticipate following a retrobulbar alcohol injection?

i. Transient ptosis

ii. Eyelid swelling

ii. Ocular movement restriction
v. Anesthesia (periocular)

v. Necrosis of ocular tissue.
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35. What is combined mechanism glaucoma?

This diagnosisis typically made in a patient who experienced an acute attack
ofangle closure that was treated with a peripheral iridotomy. In these patients,
IOP remains elevated despite the presence of an open angle. Ensuing
treatment is aimed at the open-angle component of the patient’s glaucoma.

36. What are the newer imaging technologies useful in diagnosis
angle closure?

i. UBM
ii. Anterior segment OCT.
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4.7. MANAGEMENT OF AN ACUTE ATTACK
OF ANGLE CLOSURE GLAUCOMA

(This narrative is given intentionally in active tense to familiarize
the resident in the art of presentation in a viva)

Management of angle closure glaucoma is essentially surgical. However,
| would like to control the intraocular pressure as much as possible, by
medical means before planning surgery.

If the intraocular pressure is very high (above 50 mm Hg), pressure induced
ischemia of the iris leads to paralysis of sphincter muscle and hence miotic
therapy does not help. For this reason, the first line of defense is to
administer drugs which will promptly reduce the intraocular pressure.

I will start him on 20% intravenous mannitol in a dose of 1-2 g/kg/body
wt. over a period of 20-30 minutes.

In the absence of nausea or vomiting, | would like to use oral acetazolamide
tablets, 250 mg, 4 times a day or oral hyperosmotic agents like 50% oral
glycerol in a dose of 1-1.5 g/kg body weight, after ruling out diabetes
mellitus. Apraclonidine 0.5% can be used to reduce the I0OP quickly.
After bringing the intraocular pressure below 40 mm Hg, | will start my patient
on 2% topical pilocarpine hydrochloride 4 times over 30 minutes and then
once every 6 hours, (which by causing pupillary miosis, tightens the peripheral
iris pulls it away from the trabecular meshwork and relieves the pupillary
block). Additionally, | will also use a combination therapy of topical beta
blockers like 0.5% timolol maleate, twice aday with alpha 2 adrenergic agonist
like 0.2% brimonidine tartrate, thrice a day with a time interval of 10 minutes.
| would like to use topical steroids like 1% prednisolone acetate, 4 times
a day, to control the associated intraocular inflammation. Additionally, |
would like to give analgesics like oral Ibuprofen 500 mg twice a day to
control the pain.

| shall review the patient on an hourly basis. | will record the intraocular
pressure and if the cornea is clear | will do gonioscopy of both the affected
eye and fellow eye.

Besides the medications, | will perform some maneuvers like axially
depressing the central cornea, which may force open the angle temporarily.
If the eye is uninflamed and cornea clear with reduced intraocular pressure,
| will do primary peripheral iridotomies using Nd:YAG in both the affected
and the fellow eye prophylactically.

If the cornea is not clear and if the gonioscopy reveals angle closure of
less than 2/3rd. | will perform a surgical iridectomy for the affected eye
and do a YAG iridotomy for the fellow eye.

If the angle closure is more than 2/3rd or if there is persistent inflammation
with edematous cornea and high intraocular pressure, then | will contemplate
primary trabeculectomy.

Repeat or serial gonioscopy is essential for follow-up of the patient to be
certain that the angle has adequately opened.
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4.8. PRIMARY OPEN-ANGLE GLAUCOMA

1. What are the risk factors for POAG?

i. High IOP
ii. Myopia
iii. Relatively thin central corneal thickness increases the risk of progression
iv. Systemic vascular disease—diastolic perfusion pressure < 55 mm Hg
v. Advanced age (prevalence roughly doubled for each decade over 40
years)
vi. Race, (Blacks) and first degree relatives
vii. There is no gender predisposition.

2. What percentage of risk is associated in family history?
First degree relatives are at increased risk.
Siblings (10%)
Off springs (4%).
3. What is the prevalence of POAG?
1-2% in persons older than 40.

4. What is phasing?

The measurement of IOP at various times of day and night to record
diurnal variation is known as phasing. This is being done since POAG
patients manifest greater diurnal variation.

5. What is the cause of diurnal variations/fluctuation?

Fluctuation in aqueous humor production cause mean diurnal 10P
measurement variation.

6. What is the usefulness of diurnal variation measurement?

i. For diagnosing glaucoma

ii. Explaining progressive damage despite apparent good pressure control
ii. Evaluating the efficacy of therapy

v. Distinguishing normal tension glaucoma from POAG.

7. What is the pathogenesis of glaucoma damage in POAG patients?

i. Ischemic theory secondary to raised intraocular pressure

i. Mechanical theory of raised pressure gradient

iii. Susceptibility of ganglion cells

iv. Loss of architecture of the connective tissue structures within the ONH.

8. What are the genes associated with the development of POAG?
Two genes have been identified.

i. Myocilin gene at chromosome 1

ii. Optineurin gene at chromosome 10p.
9. What is the normal rate of loss of ganglion cells per year?
5000 ganglion cells are lost every year in normal individuals by apoptosis.
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10. How do ganglion cells die?

They die by a process called as apoptosis (preprogrammed genetic mode
for individual cellular suicide).

11. What are the studies done in POAG patients to define systemic
risk factors?

i. Beaver Dam eye study
ii. Baltimore eye study
iii. Blue mountains eye study.

12. What is the importance of performing gonioscopy every year in
open-angle glaucoma patients?

With advancing age, angle closure component may develop because of
increasing thickness of lens which may warrant peripheral iridotomy to
prevent pupillary block.

13. Define target pressure.

It is the pressure at or below which further damage/loss of ganglion cells
is unlikely. It depends on the IOP at the time of presentation, severity of
damage, extent of damage and rapidity of progression of visual fields
deterioration.

14. How does normal tension glaucoma (NTG) differ from POAG?

NTG is a disease of exclusion. Mean IOP will always be less than 21 mm
Hg on diurnal testing while optic nerve head damage and glaucomatous
field loss are present. The cup is often shallow with pallor. Disk hemorrhages
are more frequent. History of migraine and chronic blood loss may be
reported. The angle is open and there is absence of any secondary cause
for glaucomatous disk damage.

15. What are the sites of maximum resistance to outflow in POAG
patients?
i. Juxtacanalicular part of trabecular meshwork offers maximum
resistance to outflow.
ii. Schlemm’s canal.

16. What are the reasons for this maximum resistance?

i. Altered corticosteroid metabolism
ii. Dysfunctional adrenergic control
ii. Abnormal immunologic process
v. Oxidative damage.

17. What is the other reason besides trabecular outflow resistance for
elevated IOP in patients with POAG?

Obstruction of collector channels by deposition of glycosaminoglycans.
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18. What are the histopathological findings in the anterior chamber
angles of POAG patients?

i. Alteration in trabecular beams in the form of fragmentation of collagen.
ii. Thickened basement membrane
iii. Fused trabecular beams
iv. Narrow intertrabecular spaces
v. Narrow collector channels
vi. Decreased number of giant vacuoles.

19. What are the ONH changes in POAG?

A. Papillary changes (actual changes in the optic disk)
i. Concentric enlargement of cup
ii. Focal narrowing of the neuroretinal rim
iii. Asymmetric cupping
iv. Saucerization
B. Peripapillary changes (changes immediately surrounding the optic
disk)
i. Optic disk hemorrhages
ii. Changes in the nerve fiber layer
iii. Variation in the diameter of retinal arterioles
iv. Peripapillary choroidal atrophy
C. Vascular changes
i. Nasalization
ii. Baring of the circumlinear vessel

20. What is the best method of evaluating the optic disk changes in
glaucoma?

The best method is slit lamp combined with a Hruby lens, or a 60, 78 or
90D lenses.

21. What is the best method of documenting the optic disk changes
in glaucoma?

Photographic documentation of optic nerve head.

22. Why does increased cupping occur?

Itisdueto
i. Backward bowing of the lamina cribrosa
ii. Elongation of the laminar beams
iii. Loss of the ganglion cell axons in the rim of neural tissue

23. Where does the increase in cupping start?

Large physiological cups are round in shape while vertical elongation
occurs in glaucoma. The process frequently starts segmentally often in
the lower temporal quadrant. This often causes an early appearance of an
upper arcuate scotoma.

24. What is the main site of glaucomatous optic nerve damage?
Lamina cribrosa.
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25. What is the shape of the normal neuroretinal rim (NRR)?

The NRR is broadest in the inferior disk, then the superior disk, then the
nasal disk and thinnest in the temporal disk.

26. What is the shape of the normal cup disk ratio?

Because of the vertically oval optic disk and the horizontally oval optic
cup, cup disk ratios are usually larger horizontally than vertically in normal
eyes.

27. Why are the superior and inferior poles of optic disk affected first
in glaucoma?

The superior and inferior poles have larger laminar pores and hence, the
axon bundles traversing have less support by glial tissue. Thus they are
more prone to damage.

28. Can cupping reverse?

Reversal of cupping can happen in children and young patients following
lowering of intraocular pressure, probably because the sclera is more
elastic.

29. What are the parapapillary changes in glaucoma?

The normal optic nerve head may be surrounded by zones that vary in width,
circumference and pigmentation. There are two zones—alpha and beta Zone;
alpha is characterized by irregular hypopigmentation and by thinning of the
overlying chorioretinal layers. Zone beta is located closer to the optic disk
border and is usually more distinctive because of the visible sclera.

30. What is baring of circumlinear vessels?

Vessels that pass circumferentially across the temporal aspect of the cup
have been called as circumlinear vessels. If they pass the exposed depths
of the cup, they are bared. Baring of the circumlinear vessels is seen
because, as the cup recedes, it exposes the vessel.

31. What is nasalization?

As the cup enlarges, the retinal vessels are displaced nasally. This can
be an indicator for the progression of glaucoma.

32. What is the significance of disk hemorrhage?

It is a sign of active disease and they occur more frequently in normal
tension glaucoma and precede visual field defects by several months.
They occur most commonly inferotemporally and are flame shaped.

33. What is saucerization of the optic disk?

Occasionally, the glaucomatous damage to the optic disk produces a
shallower background bowing of the disk rather than excavation. This is
called saucerization.
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34. How many ganglion cell loss should be there before visual field
defects become manifest on white on white perimetry?

25-30% of ganglion cell loss occurs before visual field loss becomes
apparent on white on white perimetry.

35. What are the modalities to detect preperimetric glaucoma?

i. Optical coherence tomography (OCT)

ii. GDx-VCC nerve fiber layer (NFL) analyzer

ii. Frequency doubling perimetry (FDP)

iv. Short wavelength automated perimetry (SWAP)
v. Heidelberg retinal tomography (HRT)

36. What is the role of corneal thickness in POAG?

The Goldmann’s applanation tonometeris accurate only for a central corneal
thickness measuring 520 p. Thin corneas have falsely low measured IOP
because force required to applanate is less. Thick corneas have falsely
high reading.

37. What is the differential diagnosis of POAG?

i. Pseudoexfoliative glaucoma
ii. Pigmentary glaucoma
iii. Elevated episcleral venous pressure
iv. Post inflammatory glaucoma
v. Steroid induced glaucoma
vi. Arteritic and non-arteritic anterior ischemic optic neuropathy (AAION
and NAAION).

38. What is SLT?

It is selective laser trabeculoplasty wherein double frequency Nd:YAG 532
nm is used selectively to target melanin cells in trabecular meshwork.

39. Why miotics are ineffective in angle recession glaucoma?

Due to trabecular scarring, the miotics are ineffective while prostaglandin
analogues are the drug of choice.

40. What are the types of disk damage in glaucoma?

i. Type | (focal ischemic)

ii. Type Il (myopic glaucomatous)
ii. Type lll (senile sclerotic)

v. Type IV (concentrically enlarging)
v. Mixed.

41. What is the concept of corneal hysteresis?

It measures the elasticity and the biomechanical properties of cornea
hence IOP is measured more accurately by ocular response analyzer
(ORA).
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42. When will you suspect an intracranial lesion in a patient with
visual field defects?

i. Pallor more than cupping

ii. Asymmetric dyschromatopsia

ii. Fields respecting vertical meridian
v. Contralateral ONH normal.

43. Non-glaucomatous conditions mimicking POAG?
i. Chiasmal compression

i. AAION

ii. Toxic optic neuropathies

v. Hypotension (shock optic neuropathy).

44. How do you approach in diagnosis and treatment of open-angle
glaucoma?
i. Identify the risk factors
ii. Careful optic nerve evaluation and documentation
iii. Confirm visual field loss with automated perimetry
iv. Reserve advanced imaging techniques for selected patients
v. Differentiate ocular hypertension from POAG (may need follow-up for
certain period)
vi. Educate the patient regarding glaucoma and side effects of therapy.
vii. Institute therapy—single medication with less side effects and
adequate follow-up
viii. Ensure compliance each time
ix. Switch over therapy to better drugs than addition
x. Think of filtering surgery—if maximal tolerable medical therapy fails
or in a non-compliant patient

45. What are the problems associated with myopia and glaucoma?

i. Faulty measurement of IOP due to decreased scleral rigidity
ii. Increased chances of POAG due to
— Increasing ovality of the disk due to stretching or tractional vectors
not evenly distributed across the myopic optic disk
iii. Altered scleral rigidity and deformation of the posterior scleral
structures can act as contributory factors.

46. What is Grants syndrome?

Inflammatory precipitates in trabecular meshwork, obstructing the angle. It
occurs in rheumatoid arthritis and other connective tissue disorders. It is
generally associated with mild aqueous flare/cells in the anterior chamber
contributory factors.

47. What are the most common imaging techniques used for the
diagnosis and evaluation of glaucoma?
They are:
i. Heidelberg retina tomography (HRT) or confocal scanning laser
ophthalmoscope (CSLO)
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ii. Optical coherence tomography (OCT)
iii. Scanning laser polarimetry (also called as GDX).

48. What is the HRT or CSLO?

It obtains three-dimensional images of the optic disk by acquiring high
resolution images, by using a 670 p diode laser.

49. What are the components of the HRT report?

i. Patient demographic data
ii. Topographic image (on the left upper corner of the printout)
iii. Reflectance image (right upper corner)
iv. Retinal surface height variation graph
v. Vertical and horizontal interactive analysis
vi. Stereometric analysis
vii. Moorfields regression analysis
viii. Glaucoma probability score.

50. What are the advantages and disadvantages of HRT?

Advantages:
i. Rapid
ii. Simple
iii. No need for pupillary dilatation
Disadvantages:
i. Not useful for RNFL or macula
ii. Operator dependent and hence high inter observer variability
iii. Tends to overestimate rim area in small optic nerves.
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4.9. NEOVASCULAR GLAUCOMA

1. What are the other terminologies for neovascular glaucoma (NVG)?

i. Hemorrhagic glaucoma
ii. Thrombotic glaucoma
iii. Rubeotic glaucoma

iv. Congestive glaucoma
v. 100th day glaucoma.

2. Who coined the term ‘neovascular glaucoma’?
Weiss, et al.

3. Describe the first sign of NVG.

i. Clinically new vessel tufts at pupillary margin.

i. By using investigative modalities, the first sign is increased
permeability of the blood vessels at the pupillary margin as detected
by fluorescein angiography of fluorophotometry.

4. Why does ectropion uveae occur?
Radial traction of the fibrovascular membrane in the angle and the iris

pulls the posterior layer of the iris around the pupillary margin onto the
anterior iris surface.

5. Etiology of neovascular glaucoma.

A. Ocular vascular diseases:

i. Diabetic retinopathy

ii. Ischemic CRVO

ii. CRAO

iv. BRVO

v. BRAO

vi. Leber’s miliary aneurysm
vii. Sickle cell retinopathy
viii. Coats’ disease

ix. Eales’ disease

x. Retinopathy of prematurity
xi. Persistent fetal vasculature

B. Ocular inflammation:
i. Chronic uveitis
ii. Chronic retinal detachment
iii. Sympathetic ophthalmia
iv. Endophthalmitis
v. Syphilitic retinitis
vi. VKH
vii. Leber’s congenital amaurosis
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C. Neoplasms:

i

ii.
iii.
iv.

V.

Malignant melanoma

Retinoblastoma

Optic nerve glioma with venous stasis retinopathy
Metastatic carcinoma

Retinaocular cell sarcoma

D. Systemic diseases:

Diabetes mellitus

ii. Sickle cell disease

SLE

E. Extraocular vascular disorders:

i

ii.
iii.
iv.

V.

Carotid artery obstruction
Congestive heart failure
Giant cell arthritis

Carotid cavernous fistula
Takayasu (pulseless) disease

F. Miscellaneous:

i

ii.
iii.
iv.
V.
Vi.

ROP

PHPV

Eales’ disease
Coats’ disease
RRD with PVR
Retinoschisis

G. Precipitating ocular surgical causes

i

ii.
iii.
iv.
V.

RD surgery

Cataract extraction
Vitrectomy

Radiation

Nd:YAG capsulotomy

6. Difference between new vessels and normal iris vessels.

New vessels Normal vessels
Location Pupillary margin, angles Iris stroma
Arrangement Irregular Regular
Appearance Thin Tortuous
Course Arborising Radial
Character Fenestrated Non-fenestrated
Scleral spur Crosses Does not cross
Fluorescein Leakage No leakage
Histology Endothelial tube Has all three coats
Blood-aqueous barrier | Poor Intact

7. Theories of neovasculogenesis?

A. Retinal hypoxia: Vascular endothelial cells of blood vessels in retina
release proangiogenic factors like FGF, VEGF, TGF o, TNF o, angiogenin
which incites a cascade leading to activation, proliferation, migration of
endothelial cells—new vessel formation, (e.g. PDR, ischemic CRVO).
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B. Angiogenesis factors: ‘Tumor angiogenesis factor’ released by tumors
into the aqueous and vitreous, increases vasoproliferative activity.

C. Chronic dilatation of ocular vessels: Hypoxia of iris causes dilatation
of its vasculature which is a stimulus for new vessel formation

D. Vasoinhibitory factors from vitreous and lens: Loss of these factors
such as in pars plana vitrectomy and pars plana lensectomy increase
rubeosis.

8. What are the most commonly encountered proangiogenesis factors?

VEGF, FGF, TNF-o, IGF, IL-6, PDGF, Transforming growth factor-j,
angiogurin.

9. What are the clinicopathological stages of NVG?

i. Prerubeosis stage: Patients may have arteriolar/capillary non-perfusion
or optic disk neovascularization or retinal neovascularization.

FFA shows leaking iris vessels and extensive retinal capillary closure.
Vitreous fluorophotometry detects increased fluorescein appearance
in the vitreous.

ii. Preglaucoma stage: Also called rubeosis stage. IOP is normal. Slit
lamp examination reveals dilated tufts of pre-existing capillaries and
new vessels over iris, especially at peripupillary area. NVA may also
be present.

iii. Open-angle glaucoma stage: Rubeosis more florid with anterior
chamber (AC) reaction, high IOP and open angles on gonioscopy.
Angles are covered by translucent fibrovascular membrane extending
to posterior iris.

iv. Angle closure glaucoma stage: Raised IOP with florid NVI/NVA,
ectropion uveae, and contracture of membrane in angles causing
peripheral anterior synechiae which will lead to eventual total synechial
angle closure.

v. Burnt out stage

10. What is Wands classification of the stages of NVG?

i. Stage 1: Vessels at the pupillary margin
ii. Stage 2: Vessels upto collarete

ii. Stage 3: Vessels upto angle

iv. Stage 4: Vessels crosses scleral spur.

11. What are the types of glaucoma occurring in NVG?
Open angle (pretrabecular type) and secondary angle closure glaucoma.

12. Histopathological feature of open-angle glaucoma stage?

The new vessels appear first as endothelial buds from capillaries of the
minor arterial circle. The buds then become vascular tufts. The new vessels
have thin walls with irregular endothelia and pericytes. A clinically invisible
fibrous membrane develops along the vessels which then covers the angle
and iris, obstructing trabecular meshwork.
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13. What is the cause of angle closure?

Contraction of myofibroblasts present in fibrovascular membrane causes
PAS and flattening of iris surface.

14. Where do the new vessels arise from?

They arise from microvasculature (capillaries, venules) of the vascular
endothelial cell.

15. In ischemic CRVO when does NVG occur?

Usually between 3-5 months (100 day glaucoma) but anywhere from
2 months to 2 years (17-80%).

16. What are the risk factors in diabetes that cause NVG?

In an eye with diabetic retinopathy

i. Cataract extraction and vitrectomy

ii. Cataract extraction with PCIOL implantation (increases anterior
segment inflammation and disrupts blood retinal barrier)

iii. Chronic RD
(Lens and vitreous provide vasoconstrictive factors and serve as a
diffusion barrier for angiogenic factors)

iv. Longer duration of diabetes, associated hypertension, hypercholes-
terolemia

v. In extracapsular cataract extraction with capsule rupture, or loss of
zonular support with exposure of vitreous.

17. Name some occlusive vascular diseases causing NVI/NVG.

i. Carotid artery ligation
ii. ICA obstruction, giant cell arteritis, Takayasu’s disease

18. What are the differential diagnosis of NVG?

i. Acute congestive stage of primary angle closure glaucoma (does
not have rubeosis of iris and angles, no fibrovascular membrane over
iris and angles, no ectropion uveae)

ii. Uveitic glaucoma (Keratic precipitates on endothelium, aqueous
flare and cells; may have posterior synechiae, complicated cataract,
band shaped keratopathy in chronic cases; acute attack due to
pupillary block)

iii. Fuch’s heterochromic iridocyclitis (Eye is white and quiet, stellate
KP’s present, new vessels seen at angle but NVI and NVG rare,
open angle glaucoma may be present due to trabecular sclerosis)

iv. ICE syndromes (Corneal decompensation, corectopia,
pseudopolycoria, iris atrophy)

v. Old trauma (Recession of angle, pigment clumps in trabecular
meshwork; no NVI)

vi. Lens induced glaucoma.
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19. How is Fuch’s heterochromic iridocyclitis different from NVG?

Fuch’s heterochromic iridocyclitis has the following features:

i. Eye is white and quiet

ii. New vessels seen at angle but new vessels on iris (NVI) and NVG
rare (filiform vessels)

iii. Spontaneous hyphemas common

iv. Open-angle glaucoma may be present due to trabecular sclerosis

v. Stellate KPs present

vi. Iris heterochromia present.

20. What are the late complications of NVG?

i. Painful bullous keratopathy (due to corneal decompensation or due
to high intraocular pressure)
ii. Complete synechial angle closure (due to extensive synechial angle
closure or due to the fibrovascular membrane contraction)
iii. Intractable glaucoma.

21. Name other conditions in which fluorescein leaks from the pupillary
margin.

i. Exfoliation syndrome (at the site of pupillary ruff defects)

ii. Fuch’s heterochromic iridocyclitis.

22. Why does fluorescein leak?

i. In NVI, gap junctions between the endothelial cells and fenestrations
within basement membrane are present allowing leakage.

23. Drugs contraindicated in NVG.

i. Miotics—may increase inflammation and pain

ii. Epinephrine

iii. Prostaglandins (relative contraindication as membrane prevents
uveoscleral outflow, may cause mild anterior uveitis).

24. Treatment of choice in NVG.
Panretinal photocoagulation.

25. Mechanism of PRP influencing NVG.

Causes destruction of RPE and photoreceptor cells in posterior segment
Reduces oxygen requirement of posterior segment — Stimulus for release
of angiogenesis factors reduced — Decreased proangiogenesis factors
— Decreased anterior segment neovascularization.

26. Indications of prophylactic PRP.

i. Indiabetic retinopathy with peripupillary fluorescein leakage undergoing
lensectomy or vitrectomy
ii. Ischemic CRVO with risk factors for developing NVI or NVA (extensive
retinal hemorrhage or ischemia) where frequent ophthalmologic follow
up is not possible
iii. Proliferative diabetic retinopathy.
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27. LASER treatment options in NVG.

Anterior segment

Goniophotocoagulation: is inadequate treatment for neovascular glaucoma
by itself, it may be useful adjunct to panretinal photocoagulation in certain
situation.

i

ii.
iii.
iv.
V.

Argon laser

Eliminates vessels at the angle by direct photocoagulation
Exposure time: 0.2 sec

Spot size: 50-100 um

Power 100-200 mW; sufficient to blanch and constrict vessels.

Posterior segment
A. Panretinal photocoagulation:

i
ii.
iii.
iv.
V.
Vi.
Vii.
viii.
iX.

Parameters: Blue-green-argon laser

Spot size: 500 pm

Exposure time: 0.1 sec

Power: 300 mW clear media; 500 mW—Ienticular sclerosis

End point: Moderate intense white burns

Inter burn distance—one half burn width apart

Placement: 2 DD above, temporal and below center of macula
500 um from the nasal margin of disk extending to or beyond equator
Number: 1800—-2200 burns in 2-3 divided sittings over 3—6 weeks
period.

B. Cyclophotocoagulation:
1. Transcleral:

Nd:YAG (1064 nm)

i. Non-contact

1-1.5 mm behind limbus

Power: 4-8 J

Exposure time: 20 ms

30-40 evenly spaced spots for 360° (8 spots per quadrant)
3 and 9 o’clock positions not treated

Spot size: 0.9 mm

ii. Contact

1.5-2 mm behind limbus

Power: 5-9 watts

Exposure time: 0.5-0.7 sec

30-40 burns for 360° sparing 3 o’clock and 9 o’clock
Spot size: 0.9 mm

Diode laser (810 nm):
i. Non-contact:
s 0.5-1 mm behind limbus
= Power: Initial 1500—-2500 mW for 1.5—2.5 seconds — pop sound
heard — 250 mW reduced from that level for 9.9 sec
= 30—40 spots for 360°
= Spot size: 100-400 pm
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ii. Contact:
= 1.2 mm behind limbus
s Power: 1.5-2.5 watt
= Exposure time: 1.5-2 sec
= Spot size: 100—400 pm
m 16-18 spots for 360°; 180° or 270° treated at a time
2. Transpupillary: Argon laser
= Exposure time: 0.1-0.2 sec
= Spot size: 50-100 pm
= Power: 700-1500 mW
= White discoloration and brown concave burn
= 180° treated
3. Intraocular:
i. Transpupillary visualization: Argon laser
= Exposure time: 0.1-0.2 sec
= Power: 1000 mW
= 3-5 per quadrant
= White reaction with shallow tissue disruption
ii. Endoscopic visualization: Argon laser
lllumination: 20 G probe (670 nm aiming beam)
Power of illumination: 1.2 watt
3.2 mm at/inside limbus
Power: 300 mW
7-8 clock hours treated
Whitening and shrinkage of ciliary epithelium.

28. Glaucoma surgical procedures in NVG?
Filtering surgery: Trab with 5-FU (50 mg/ml-5 min) or MMC (0.2-0.4 mg/
ml-2 min)
i. Modified trabeculectomy with intraocular bipolar cautery of peripheral
iris and ciliary processes
ii. Trabeculectomy after intravitreal/intracameral injection bevacizumab
1.25 mg in 0.05 ml
iii. Drainage devices or valves
Cyclodestructive procedure (cyclophotocoagulation/cyclocryotherapy).

29. How will you manage a case of NVG?

i. The main therapeutic goals will be to:

ii. Control the intraocular pressure

iii. Prevent further progression of neovascularization

iv. Treat the underlying cause of neovascularization

v. Provide symptomatic relief

vi. If the IOP is less than 40 mm of Hg, the patient can be started on
a combination of aqueous suppressants like topical -blockers like
timolol maleate 0.5% eye drops bid, o, adrenergic agonists like 0.2%
brimonidine tartarate eye drops tds, or carbonic anhydrase inhibitors
like dorzolamide hydrochloride 2% eye drops tds.
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= If the IOP is above 40 mm of Hg, for initial control of IOP by starting
the patient on 100 ml of 20% intravenous mannitol in a dose of
2 g/kg body weight over a period of 20—-30 min after ruling out systemic
hypotension or cardiac disease.

= In the absence of history of sulpha allergy, nausea and vomiting tab.
acetazolamide 250 mg bd or hyperosmotic agents like 50% oral glycerol
at 1-1.5 g/kg body weight can be advised after ruling out diabetes
mellitus. For symptomatic pain relief, atropine eye ointment 4% and
topical prednisolone acetate 1% qid can be instilled.

= Once epithelial edema subsides gonioscopic examination and fundus
examination will be performed. If synechial angle closure does not
extend for more than 270° and the patient has definite posterior segment
ischemic pathology like PDR or ischemic CRVO, the patient can be
advised for PRP in 3—4 sittings.

= Once rubeosis regresses, glaucoma filtering surgery like trabeculectomy
using wound modulators like 5-FU (50 mg/ml-5 min) or MMC (0.2-0.4
mg/ml-2 min) or a glaucoma drainage device like Ahmed valve will be
done.

= If IOP is still not controlled, with hazy media, the patient can undergo
panretinal cryotherapy with a cyclodestructive procedure like
cyclocryotherapy or transcleral Nd:YAG cyclophotocoagulation.

= If the IOP is still not controlled and the patient has severe pain in the
blind eye, the patient can be advised retrobulbar alcohol injection for
pain relief or enucleation after thorough and extensive counseling.

30. Indication for transscleral panretinal cryoablation with cryotherapy?
Hazy media.

31. What is express shunt?

3 mm long stainless steel tube with diameter of 400 p having a 50 p
diameter lumen, implanted through limbus.

32. Indication for cyclodestructive procedures in NVG?

NVG with pain and poor visual potential with uncontrollable rubeosis and
glaucoma.

33. Newer treatments for NVG?

i. Anti-VEGF antibodies, e.g. bevacizumab
i. Alpha-interferon therapy

ii. Troxerutin

iv. Gene transfer of PEDF gene.

34. Probe sizes.

i. Retinal cryotherapy: 2.5 mm (—70°C)
ii. Cyclocryotherapy: 3.5 mm (—60° to —80°C).
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35. Define rubeosis iridis.

Rubeosis iridis refers to new vessels on the surface of the iris regardless
of the state of the angle or the presence of glaucoma.

36. What is the role of bevacizumab (avastin) in neovascular glaucoma?

In neovascular glaucoma, intravitreal bevacizumab (1.25 mg/0.05 ml)
(avastin) can be administered through the pars plana route, 24-78 hours
preceding surgery, with near total regression of iris neovascularization
within 48 hours and some IOP lowering, an effect lasting for some weeks.

The rapid regression of new vessels allows both for panretinal
photocoagulation and glaucoma surgery with reduced risk of bleeding.
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4.10. PIGMENTARY GLAUCOMA

1. What is the typical profile of a patient typically presenting with
pigmentary glaucoma (PG)?

Young (3rd decade), myopic, male, white race.

2. Mention the chromosome related to pigment dispersion syndrome
(PDS)?

Chromosome 7q

3. What are the ocular findings in PG?

A. Cornea:
i. Krukenberg spindle
ii. Increased corneal diameter
Corneal endothelial pleomorphism and polymegathism
B Irls
i. Iris transillumination defects (TID): seen in mid-periphery in contrast
to PXF glaucoma, where it is seen at the pupillary margins
ii. Pigment granules
iii. Heterochromia
iv. Anisocoria
v. Concave iris configuration
C. Deep anterior chamber
D. Lens: Pigment deposits on zonules, posterior lens surface (Zentmayer’s
ring or Scheie’s line).

4. What is the characteristic gonioscopic finding in PG?

i. The angle is wide open.
ii. Dense, homogenous dark brown pigment in the full circumference of
the trabecular meshwork and pigmented Schwalbe’s line is present.
iii. The pigment can cover the entire width of the angle from the ciliary
face to the peripheral cornea; a pigment line anterior to Schwalbe’s
line is often referred to as Sampaolesi’s line is seen.

5. What are the differential diagnosis of pigmentation at the angles?

i. Aging
ii. Pigmentary glaucoma
iii. PXF glaucoma
iv. Post trauma
v. Post intraocular surgery
vi. Post laser iridotomy
vii. Uveitic glaucoma
viii. Previous attack of angle closure glaucoma
ix. Ocular melanosis
x. IOL placement in sulcus.
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6. What are the associated possible fundus findings in PG?
i. Retinal detachments
ii. Lattice degenerations
iii. RPE dystrophy.

7. What are the theories of mechanism of PG?
A. Inherited defect:
i. Focal atrophy/hypopigmentation of iris pigment epithelium
ii. Delay in melanogenesis
iii. Hyperplasia of dilator muscle
iv. Hypovascularity of the iris

B. Mechanical theory (Campbell’s theory): Rubbing of lens zonules against
mid peripheral iris due to iris concavity which release the pigments

C. Anderson, et al. postulate that pigment production and mutant
melanosomal protein genes may contribute to pigmentary glaucoma.
8. What is the mechanism of IOP rise in PG?
Two phenomena:
i. Pigment release and
ii. Diminished outflow facility.

9. Histopathology of angle structures in PG.

Demonstrates pigment and debris in the trabecular meshwork cells. With
advanced disease, the trabecular cell degenerate and wander from their
beams, allowing sclerosis and eventual fusion of the trabecular meshwork.

10. What are the differential diagnosis of PG?

PXF glaucoma (PXF material on endothelium, anterior lens capsule angles)
Chronic uveitis (Keratic precipitates on endothelium, aqueous flare and
cells; may have posterior synechiae, complicated cataract, band shaped
keratopathy in chronic cases; acute attack due to pupillary block)

i. Angle recession glaucoma
ii. Ocular melanosis
iii. Trauma
iv. Herpes zoster
v. Siderosis
vi. Hemosiderosin
vii. Pigmented intraocular tumors
viii. Previous surgery (including laser surgery)
ix. Cysts of iris and ciliary body
x. Radiations
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11. What are the differences between PXF and pigmentary glaucoma?

Feature Pseudoexfoliative glaucoma Pigmentary glaucoma

Profile 5th decade and older 3rd decade

Severity Increases with age Decreases/disappears in later life
Gender Equal Males(2:1)

Types of glaucoma

Open angle and angle closure

Open-angle glaucoma

Clinical features

Cornea: PXF, pigments on
endothelium, guttatae

Krukenberg spindle

Iris: Iris transillumination
defects (peripupillary), moth
eaten appearance

Iris transillumination defects
(mid-periphery), heterochromia,
reverse pupillary block

Pupil: PXF, poor mydriasis

Anisocoria

Lens: Cataract, phacodonesis,
zonular distribution of PXF

May be normal

Gonioscopy

Sampaolesi line

Increased trabecular pigmentation

Progression

40% with PXF develop
glaucoma

35% with PDS develop glaucoma

Management

Surgical in most cases

Medical in most cases

Extraocular
involvement

Systemic findings present—
amyloid like material (CNS,
CVS, kidney, liver

No systemic association

12. What is the treatment of PG?

Medical:

i. Pilocarpine 1% eye drops (miosis restricting pupillary movement and
pigment release, direct effect on aqueous outflow)
ii. Carbonic anhydrase inhibitor—Dorzolamide 2% eye drops tds,
iii. Beta blockers—Timolol maleate 0.5% eye drops bd.
iv. Pilocarpine is poorly tolerated by these young patients and also
chances of higher incidence of retinal detachment.

Laser:

Nd:YAG laser iridotomy (Relieves the posterior bowing of iris in pigmentary
glaucoma) to cure reverse pupillary block
i. Power: 4-8 mJ
ii. 1-3 pulses per burst
iii. Minimum size 60 mm

Argon laser trabeculoplasty:
i. Power: 800-1200 mW increased till blanch/bubble is seen
ii. Spot size: 50 pym

ii. Duration: 0.1 sec

iv. 50 burns over 180°
v. Burn site: Junction of anterior 1/3rd and posterior 2/3rd of trabecular

meshwork.
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Selective laser trabeculoplasty:

i

ii.
iii.
iv.
V.

Frequency doubled Q switched Nd:YAG laser (532 nm)
Pulse duration: 3 ns

Energy: 0.3—2.0 mJ

Spot size: 400 pm

50-100 adjacent laser spots over 180°

Surgery:

Filtering surgery—Modified trabeculectomy with 5-FU(50 mg/ml-5
min) or MMC (0.2—0.4 mg/ml-2 min)
Drainage devices or valves.
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4.11. PSEUDOEXFOLIATION GLAUCOMA

1. What is true exfoliation of lens capsule?

It is a delamination of anterior capsule. There is separation of superficial
layers of lens capsule from the deeper layers to form a scroll like margin,
which occasionally float in the anterior chamber as thin, clear membranes.
It was first described in glassblowers hence called glassblower’s cataract.

2. What is the risk factor associated with capsular delamination?

= Extended exposure to infrared radiation (prophylactic measure—use of
protective goggles).

3. What are the differential diagnosis of capsular delamination?

i. Trauma
ii. Intraocular inflammation
iii. Idiopathically with advanced age.

4. What is pseudoexfoliation (PXF)?

PXF is a gray white fibrillogranular extracellular matrix material composed
of a protein core (10—12 fibrils) surrounded by glycosaminoglycans. It's a
sticky “Christmas tree” type of protein, aggregating a large number of
elastic tissue and basement membrane proteins.

5. What is glaucoma capsulare?

Occurrence of glaucoma in an eye with pseudoexfoliation syndrome is
called glaucoma capsulare. It is usually unilateral.

6. What is the origin of PXF?

It is thought to be produced by abnormal basement membranes of ageing
epithelial cells in the trabeculum, equatorial lens capsule, iris, ciliary body,
conjunctiva and then deposited on the anterior lens capsule, zonules,
ciliary body, iris, trabeculum, anterior vitreous phase and conjunctiva.

7. What are the epidemiological factors of significance?

i. T Age »T PXF

ii. Mostly bilateral but unilateral cases are also present
ii. More common between 60-70 years

iv. Mostly seen in Scandinavian population

8. Difference between glaucoma capsulare and PXF glaucoma.
Glaucoma capsulare is usually unilateral while PXF glaucoma tends to be
bilateral.

9. What is the incidence of glaucoma in patients with pseudo-
exfoliation syndrome?

Glaucoma is found to occur in 40% of patients with pseudoexfoliation.
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10. List the clinical features of PXF.

A. Corneal changes
i. PXF material deposited on the back of cornea
ii. Associated with corneal guttata
iii. Associated with spheroidal degeneration
iv. Decrease in the endothelial density, polymegathism and endothelial
decompensation
B. Anterior chamber angle
i. Increased trabecular meshwork pigmentation (uneven):
Sampoolesi’s line
C.Iris changes
i. Material deposited on iris tissue (anterior stroma)
ii. Mid-peripheral iris transillumination defects (moth eaten appearance)
D. Pupil
i. PXF material deposited on pupillary margin
ii. Poor mydriasis (secondary to atrophy of muscle cells)
E. Lenticular changes
PXF on anterior lens capsule has 3 distinct zones:
i. Transluscent, central disk with occasional curled edges (absent in
20% of cases)
ii. Central clear zone—corresponds to contact with moving iris
iii. Peripheral granular zone—radial striations
F. Zonules and ciliary body changes
i. PXF may be detected earliest in the ciliary body or zonules
ii. Involvement of zonules

l

Subluxation or phacodonesis

11. What is the mechanism by which PXF causes zonular weakness?

i. PXF material erupt through the basement membrane and invade the
zonules creating areas of weakness (esp. in its origin—nonpigmented
ciliary epithelium and insertion—pre-equatorial region of lens)

ii. Proteolytic enzymes within the PXF material may facilitate zonular
disintegration.

12. What are the findings in iris fluorescein angiography in case of
PXF syndrome?

i. Hypoperfusion

ii. Peripupillary leakage.
13. What are the specular microscopy findings in PXF syndrome?

i. Decreased cell density of corneal endothelium
ii. Altered size of endothelial cells
iii. Altered shape of endothelial cells
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14.

Describe the clinical classification of PXF based on morphologic

alterations of anterior lens capsule.

Preclinical stage (clinically invisible)
. Suspected PXF (precapsular layer)
Mini PXF (focal defect starts superonasally)

iv. Classic PXF.

15.
pig

16.

A. Trabecular meshwork

B. Lens or Zonules

C.

D. Cornea
Retina

17.

What are the differences in gonioscopic findings in PXF and

mentary glaucoma?

PXF glaucoma Pigmentary glaucoma

Uniform pigmentation in i. More thicker pigmentation in an
trabecular meshwork irregular manner

Pigmentation doesn’t extend  ii. Pigmentation extends anterior
upto the Schwalbe’s line to Schwalbe’s line

What are the intraocular complications of PXF syndrome?

QO

. Open-angle glaucoma
. Angle closure glaucoma
. Acute pressure rises

. Phacodonesis

. Subluxation/dislocation
. Nuclear cataract

. Zonular dialysis

Iris . Posterior synechiae

Uveitis

. Sphincter muscle degeneration
. Melanin dispertion

. Poor mydriasis

. Early endothelial decompensation
CRVO
. Retinal detachment

O T ® OO0 0T ®» OO0 T®» OO0

How does open-angle glaucoma in PXF differ from primary open-

angle glaucoma?

Greater diurnal fluctuation of IOP in PXF glaucoma.
IOP in PXF glaucoma tends to run higher and more difficult to control

Glaucomatous neuroretinal rim damage tends to be more diffuse in
PXF cases (sectoral preference — primary open-angle glaucoma)

iv. PXF cases show T tendency for glaucomatous optic atrophy.
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18. What are the ways in which pseudoexfoliation causes glaucoma?

Pseudoexfoliation causes open angle and angle closure glaucoma.
A. Open-angle glaucoma is caused by the following mechanisms:
a. Blockage of trabecular meshwork by PXF material by
— Active pseudoexfoliation material production within the trabecular
meshwork, Schlemm’s canal and collector channels
— Passive peudoexfoliation material deposition in intertrabecular
spaces
Progressive accumulation — Swelling of juxtacanalicular meshwork

Gradual narrowing of Schlemm’s canal

b. Blockage of meshwork by liberated iris pigment

c. Trabecular cell dysfunction

d. Associated open-angle glaucoma

B. PXF causes angle closure by the following mechanisms:

i. Zonular weakness — anterior movement of lens

ii. Lens thickening from cataract formation

iii. Increased adhesiveness of the iris to the lens due to PXF material,
sphincter muscle degeneration and uveitis.

19. Why do a high percentage of PXF cases have occludable angles?

Presence of shallower central and peripheral anterior chamber depths due
to:

i. Zonular weakness and forward movement of lens iris diaphragm

ii. Lens thickening from cataract formation.

20. What are the pathogenesis of pseudoexfoliation?

i. Myofibril theory: Elastic microfibril hypothesis which states that it's
a type of elastosis with elastic microfibrils being secreted abnormally
by local ocular cells.

ii. Basement membrane theory: Pseudoexfoliation may be a basement
membrane proteoglycan

iii. Glycosaminoglycan theory: Abnormal metabolism of glycosamino-
glycans in the iris
iv. Amyloid theory: Protein of PXF material may be of amyloid group.

21. What are the ocular and systemic sites of PXF deposition?

Ocular
i. Lens capsule epithelium and zonules
ii. Iris epithelium
iii. Vascular endothelium
iv. Corneal endothelium
v. Schlemm’s canal endothelium
vi. Conjunctiva
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vii. Extraocular muscles
viii. Orbital septa

ix. Anterior hyaloids face of the vitreous
x. Posterior ciliary arteries
xi. Vortex veins

xii. Central retinal vessels
Systemic

i. Lungs

ii. Heart

iii. Liver

iv. Kidneys

v. Skin

vi. Gall bladder

vii. Cerebral meninges

22. What are the differential diagnoses of pseudoexfoliation?

i
ii.
iii.
iv.
V.

Uveitis

Capsular delamination

Primary amyloidosis

Pigment dispersion syndrome and pigmentary glaucoma
Melanosis and melanoma

23. What are the important points to be kept in mind while medically
managing PXF glaucoma?

iv.

Tends to respond less well with medical therapy than POAG
Treat aggressively with frequent follow-up

Higher diurnal variation of IOP in PXF to be kept in mind while
deciding the target pressure for an individual

Consider argon laser trabeculoplasty/selective laser trabeculoplasty
which has a higher success rate in PXF glaucoma than in POAG but
shorter duration of effectiveness.

24. What is trabecular aspiration?
Surgical modality to remove intertrabecular and pretrabecular debris.

25. What are the important findings to be looked for during pre operative
evaluation in PXF syndrome patients undergoing cataract surgery?

Corneal endothelial compromise
Evidence of zonular dialysis— Phacodonesis
\2
Asymmetric anterior chamber depth
Ultrasound biomicroscopy to confirm the extent of zonular dialysis
Poor pupillary dilatation
Posterior synechiae
Lens subluxation
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26. What the special features to be adopted in PXF cases undergoing
cataract surgery to maximize postoperative outcome?

a. Use corneal endothelium friendly viscoelastics (chondroitin sulfate)

b. Expand the pupil
— Kuglen hooks
— lris hooks
— Minisphincterotomies
— Sector iridectomy

c. Use of heparin surface modified intraocular lens (to minimize
postoperative iritis which is common, in pseudoexfoliation cases
postoperatively)

d. Capsular tension ring to manage zonular dialysis and stabilize the bag.

27. Which gene is associated with exfoliation syndrome?
A polymorphism in exon 1 of the loxl 1 gene.
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4.12. UVEITIC GLAUCOMA

1. What are the mechanisms of uveitic glaucoma?

I. Open angle mechanisms

i. Trabeculitis: Clogging of trabecular meshwork by inflammatory cells.

ii. Increased viscosity of aqueous: Due to fibrinous exudates.

iii. Raised episcleral venous pressure: Due to perivascular inflammatory
cuffing

iv. Increased aqueous secretion: Due to inflammatory prostaglandin
secretion.

v. Steroid induced glaucoma.

Il. Closed angle mechanism
Broadly classified as pupillary block and non-pupillary block mechanisms

A. Pupillary block
i. Inflammatory cells, fibrin and debris collect in the angle
ii. The peripheral iris adheres to the trabecular meshwork which leads
to the formation of peripheral anterior synechiae
iii. Chronic inflammation may be associated with angle neovascularization,
which causes synechiae to develop.
iv. Anterior segment inflammation causes posterior synechiae formation.

B. Non-pupillary block
i. The ciliary body edema can cause the anterolateral rotation of the
ciliary body about its attachment to the scleral spur, which relaxes the
lens zonules and causes the forward movement of a rounder lens.
ii. The anterior face of the ciliary body and peripheral iris are then brought
into contact with the trabecular meshwork, causing angle closure.

2. Describe the development of glaucoma in an acquired immune
deficiency syndrome (AIDS) patient.

i. Bilateral acute angle closure glaucoma have been reported in these
patients which is due to choroidal effusion with anterior rotation of
the ciliary body

ii. B-scan echography is helpful in establishing the diagnosis by
demonstrating diffuse choroidal thickening with ciliochoroidal effusion

iii. These cases do not respond to miotics or iridotomy
iv. Treatment with aqueous suppressants, cycloplegics, and topical
steroids reported to achieve complete resolution of the angle closure.

3. What is Posner-Schlosman syndrome?

It is otherwise called as glaucomatocyclitic crisis. It is characterized by:

i. Recurrent attacks of mild anterior uveitis with marked elevation of I0OP.

ii. Associated with gastrointestinal disorders especially with peptic ulcers
iii. White eye with minimal congestion
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iv. Open-angle with occasional debris and characteristic absence of
synechiae.
v. Apraclonidine is especially useful.

4. Describe the management of uveitic glaucoma.
There are two components:

I. Control of inflammation:

Topical administration of corticosteroids is preferred for anterior segment
and commonly used steroids include 1.0% prednisolone acetate or 0.1%
dexamethasone. The drops are titrated depending on the response.

When the response is insufficient, periocular injections (e.g. dexamethasone
phosphate, prednisolone succinate, triamcinolone acetate, or methyl-
prednisolone acetate) or a systemic corticosteroid (e.g. prednisone) may
be required.

Children with uveitis may have unique dosing requirements and drug-
associated risks such as growth retardation with systemic corticosteroids.

Non-steroidal anti-inflammatory agents
Used when the use of corticosteroids are contraindicated or inadequate,
other anti-inflammatory drugs may be helpful.

Prostaglandin synthetase inhibitors such as aspirin, imidazole, indoxyl,
indomethacin and dipyridamole have been effective.

In severe cases, immunosuppressive agents such as methotrexate,
azathioprine or chlorambucil are used. These patients must be monitored
closely for hematologic reactions.

Newer cyclooxygenase inhibitors like — flurbiprofen, ketorolac, suprofen
and diclofenac may provide useful anti-inflammatory effects without the
risk of steroid-induced IOP elevation.

Mydriatic cycloplegics — atropine (1%), homatropine (1 to 5%), or
cyclopentolate (0.5 to 1%) is used to avoid posterior synechiae and to
relieve the discomfort of ciliary muscle spasm.

Il. Control of glaucoma

Medical management
i. Topical B-blocker, oi2-agonist or carbonic anhydrase inhibitor are the
first line antiglaucoma drugs in uveitic glaucoma
ii. An oral carbonic anhydrase inhibitor may be added, and a
hyperosmotic agent is used for a short-term emergency measure.
ii. In eyes with acute fibrinous anterior uveitis and impending pupillary
block with or without peripheral anterior synechiae, it may be
reasonable to consider use of intracameral tissue plasminogen
activator (6.25 to 12.5 pg).
iv. Miotics and prostaglandins are contraindicated in the inflamed eye.
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Surgical management

iv.

Vi.

Vii.

viii.

Intraocular surgery should be avoided in active inflammation.
When medical therapy is inadequate, surgery may be required.
Laser iridotomy is safer than an incisional iridectomy but fails usually
due to iris inflammation, fibrin exudates or late neovascularization
Filtering surgery with heavy steroid therapy is indicated in open-angle
cases that are uncontrolled with medical therapy. Additional use of
subconjunctival 5-fluorouracil (5-FU) significantly improves the success
rate in these cases

Laser trabeculoplasty is not effective in eyes with uveitis and open-
angle glaucoma and it may cause an additional, significant rise in
IOP and is generally contraindicated in these cases.

Surgical iridectomy during cataract surgery in uveitic cases can be
performed to prevent post operative angle closure due to pupillary
block

Cyclodestructive surgery like transscleral Nd:YAG cyclophotocoagu-
lation can be done in aphakic and pseudophakic eyes with limited
visual potential.

Filtering devices like Ahmed valve may be placed when the
inflammation is under control but steroid cover is important to reduce
inflammatory exudates from blocking the lumen during early
postoperative period.
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4.13. STEROID INDUCED GLAUCOMA

1. Define steroid induced glaucoma.

Corticosteriod induced glaucoma is a secondary glaucoma of the open
angle type caused by prolonged use of topical, periocular, intravitreal,
inhaled or systemic corticosteroids.
i. 25% of general population develop increase in IOP after 4 weeks of
QID topical steroids
ii. 5% of the population are super responders — they develop > 10-15
mm Hg rise in IOP within 2 weeks
iii. Approximately 15% of super responders developing glaucoma require
filtering surgery
iv. There is no racial or sexual predilection for steroid induced glaucoma.

2. What is steroid responsiveness?

The normal population can be divided into 3 groups on the basis of IOP
response to a 6 week course of topical betamethasone
i. High — marked elevation of IOP > 30 mm Hg
ii. Moderate — moderated elevation of IOP 22—-30 mm Hg
iii. Non-responders — no change in IOP.

3. What is the mechanism of steroid induced glaucoma?

Steroids decrease aqueous outflow by the following mechanisms

i. Accumulation of polymerized glycosaminoglycans (GAG) in the
trabecular meshwork which become hydrated producing “biologic
edema’—leading to increased resistance to outflow.

ii. Stabilizing the lysosomal membranes and inhibiting release of catabolic
enzymes

iii. Accumulation of acid mucopolysaccharides (AMPs) in outflow
channels, thus reducing outflow

iv. Decreased synthesis of prostaglandins that regulate aqueous outflow.

4. Who are the people at risk of developing steroid induced glaucoma?

i. Prolonged use of steroid drops for conditions like vernal conjunctivitis,
uveitis, chronic blepharitis
ii. Long term systemic steroid use in conditions like SLE, rheumatoid
arthritis
iii. Use of steroid drops in patients with strong family history of glaucoma
iv. 50% of patients with progressive AMD or diffuse macular edema
treated with intravitreal injection of 25 mg of triamcinolone acetonide
v. Subtenon depot triamcinolone in treatment of patients with pars planitis
vi. Diabetic patients
vii. High myopes
viii. Post refractive surgeries
ix. Asthmatics using inhaled steroids.
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5. Example of a systemic condition causing steroid induced
glaucoma.

Excessive secretion of endogenous corticosteroids associated with adrenal
hyperplasia or adenoma can cause steroid induced glaucoma.

6. Clinical picture of steroid induced glaucoma in adults.

i. Resembles chronic open-angle glaucoma with an open, normal
appearing angle and absence of symptoms

ii. May have acute presentation and IOP rises have been observed
within hours after steroid administration

iii. May mimic low tension glaucoma when IOP increase has damaged
the optic nerve head.

7. Clinical picture of steroid induced glaucoma in children.

i. Children in general have lower incidence of positive steroid responses
than adults

ii. Infants treated with steroids develop a condition resembling congenital
glaucoma

iii. Increase in IOP has been reported in infants using steroid for
1. nasal and inhalational steroids
2. Eye drops after strabismus surgery.

8. Diagnosis of steroid induced glaucoma.

Diagnosis requires a high index of suspicion and questioning of patients
specifically about steroids eye drops, ointments and pills.

9. Mention a few alternative drugs which have a lesser tendency to
cause glaucoma?

i. Medrysone
ii. Loteprednol etabonate
These drugs have a lesser tendency to raise 10P.

10. Are there any genetic influences in the causation of steroid induced
glaucoma?

Experiments have revealed multiple genes involved in protective and
damaging mechanisms with IOP elevation that are upregulated with
dexamethasone

i. Alpha-1 antichymotrypsin

i. Pigment epithelium derived factor

ii. Cornea derived transcript 6

v. Prostaglandin D2 synthase

11. Prevention of steroid induced glaucoma.

Patient selection
i. Good history and systemic conditions
ii. Avoid steroids when safer drugs are available
iii. Use least amount of steroid necessary
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iv.
V.

Establish baseline IOP before initiating therapy
Monitoring IOP for duration if steroid therapy

Drug selection—choose a drug that can achieve desired response by
safest route in lowest concentration and with fewest potential side effects

Topical drops are often associated with raised IOP
Periocular injection of longacting steroid—most dangerous
Systemic steroids—Ileast likely to induce glaucoma.

12. Mention a few words about the relative pressure effects of anti-
inflammatory drugs.

1.

Corticosteroids—pressure inducing effect is proportional to its anti
inflammatory potency. Hence betamethasone, dexamethasone and
prednisolone have increased tendency to induce glaucoma.
Non-adrenal steroids—closely related to progesterone with less
pressure inducing effects. For example—medrysone—used for
treatment of extraocular disorders but has poor corneal penetration.
Fluorometholone (0.1%) is more effective than medrysone.
NSAIDs

— Act as COX inhibitors

— May be effective in anterior segment inflammation

— Acts by reducing breakdown of blood aqueous barrier

— Do not cause increase in IOP

— For examples—oxyphenbutazone, flurbiprofen, diclofenac

— Other drugs in this class are suprofen and ketorolac.

13. Management of steroid induced glaucoma.

The first step is to discontinue the drug—IOP returns to normal in
a few weeks or replace with a milder anti-inflammatory drug

ii. Excision of depot steroid if present
. Anti-glaucoma drugs can be used to control IOP

If unsuccessful filtering surgery should be considered after confirming
progression in glaucomatous damages

Patients with steroid induced glaucoma respond poorly to argon laser
trabeculoplasty.
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4.14. LENS INDUCED GLAUCOMA

1. What are lens induced glaucoma?

Lens induced glaucoma are a group of secondary glaucoma that share the
lens as a common pathogenic cause.

2. How will you classify lens induced glaucoma?

Open-angle Closed-angle

Phacolytic glaucoma Phacomorphic glaucoma
Lens particle glaucoma Ectopia lentis
Phacoanaphylaxis glaucoma

3. What is the mode of presentation in phacolytic glaucoma?

Elderly patient with history of poor vision and sudden, rapid onset of pain
and redness.

4. What are the clinical features of phacolytic glaucoma?

i. Conjunctiva: Hyperemia
ii. Cornea: Microcystic corneal edema
iii. Anterior chamber: Deep
Prominent cell and flare reaction
No keratic precipitates
White flocculent material floating in the anterior chamber with or
without pseudohypopyon
iv. Iridocorneal angle: Open
v. Lens: Mature, hypermature/morgagnian cataract
1. Wrinkling of anterior lens capsule
vi. IOP: High, > 35 mm Hg

5. Mechanism of phacolytic glaucoma.

As lens ages, its protein composition alerts into
high molecular weight lens protein

These proteins released through microscopic
openings in the lens capsule

Precipitate an inflammatory reaction and
engulfed by large phagocytes

y

Swept into trabecular space by
normal current of aqueous

v

Block the normal exit of aqueous
causing open-angle glaucoma
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6. How will you treat phacolytic glaucoma?

The ultimate treatment is lens removal after control of IOP.
Medical: Reduction of IOP by

B-blockers

Apraclonidine

Carbonic anhydrase inhibitor

Osmotic agents
Surgical: Cataract extraction.

7. What are the precipitating events for lens particle glaucoma?

i. Remnants of cortical or epinuclear material after cataract surgery
i. Nd:YAG laser posterior capsulotomy.

8. Describe the clinical features of lens particle glaucoma.

i. Comea . Microcystic corneal edema
ii. Anteriorchamber : Free cortical material in the anterior chamber
Dense flare and cells
iii. Pupil : Posterior and peripheral anterior synechiae
iv. IOP . Elevated

9. What is the treatment for lens particle glaucoma?

Medical . Aqueous suppressants (decrease aqueous production)
Topical steroids (reduce inflammation)
Cycloplegics (inhibit posterior synechiae)

Surgical : Removal of lens debris

10. Define phacoanaphylactic glaucoma.

It is a rare entity in which patients become sensitized to their own lens
protein following surgery or penetrating trauma resulting in granulomatous
inflammation.

11. Name two criteria to suspect phacoanaphylactic glaucoma.

i. Polymorphonuclear leucocytes must be present within the aqueous
or vitreous

ii. Circulating lens protein or particle content of aqueous must be
insufficient to explain glaucoma.

12. What is the clinical feature of phacoanaphylatic glaucoma?

Anterior chamber : Moderate reaction
KPs present both on the corneal endothelium and
anterior lens surface
Low grade vitritis
Synechial formation
Residual lens material in the anterior chamber.

13. What is phacomorphic glaucoma?

Secondary angle closure glaucoma due to lens intumescence is called
phacomorphic glaucoma.
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14. What is the differential diagnosis for phacomorphic glaucoma?
Primary angle closure glaucoma.

15. How to differentiate phacomorphic glaucoma from primary angle
closure glaucoma?

Phacomorphic glaucoma PACG

Rapid swelling of lens Normal lens growth

Occur in senile cataract, traumatic cataract| Occur in hypermetropic individual
Asymmetric central shallowing of AC BE — shallow AC

Unilateral mature intumescent cataract Normal lens

16. Describe pathogenesis of phacomorphic glaucoma.
Lens become intumescent (rapid development of cataract/traumatic cataract)

Swollen lens obliterate the drainage (forcing root of iris against cornea)

Resulting in angle closure glaucoma.

17. Treatment for phacomorphic glaucoma.

The definitive treatment is surgery after controlling 10P.

Reduction of IOP by

— Beta blockers, alpha adrenergic agonist, topical or systemic carbonic
anhydrase

— Topical steroids and cycloplegics.

— Surgical
i. YAG peripheral iridotomy (PI)
ii. Lens extraction

18. What is ectopia lentis?
Displacement of the lens from its normal anatomic position.

19. How does ectopialentis cause secondary glaucoma?

Anterior displacement of lens — Pupillary block
by itself or in combination with vitreous

{

Iris bombe
Shallowing of AC

Secondary angle-closure glaucoma
20. What are the causes of ectopia lentis?

Without systemic associations
i. Familial ectopia lentis
ii. Ectopia lentis pupillae
ii. Aniridia
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With systemic associations
i. Marfan syndrome
ii. Homocystinuria
iii. Weil-Marchesani syndrome
iv. Hyperlysinemia
v. Sulfite oxidase deficiency
vi. Stickler syndrome

vii. Ehlers-Danlos syndrome.

21. What is the treatment of choice?

Laser iridectomy—since it is primary angle closure glaucoma with pupillary
block.

22. Medical management of ectopialentis.
i. Cyclopegics and mydriatics
ii. Cycloplegic act by flattening the lens and pull it posteriorly and break
pupillary block
iii. Miotics — should be avoided since it may exaggerate pupillary block
and make the glaucoma worse.

23. Surgical treatment of ectopia lentis?
i. Lens removal is not indicated unless lens is in the AC or there is
evidence of lens induced uveitis.
ii. Pars plana lensectomy is preferable if posterior lens displacement is
present.
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4.15. MEDICAL MANAGEMENT OF
GLAUCOMA

1. What is the goal of therapy in glaucoma?

To achieve a target intraocular pressure which will arrest or prevent optic
nerve head damage and progression of field defects.

2. What are the advantages of medical therapy of glaucoma?

i. Serious side effects are rare
ii. Most patients are easily controlled with one or two days.

3. What are the disadvantages of medical therapy?

i. Less effective than surgery to lower the IOP than surgery
ii. Costly

ii. Effects tend to wean away with time

v. Prolonged use may interfere with the success of surgery
v. Difficulty in compliance

4. Classify drugs used in glaucoma.
I. Cholinergic drugs
a. Parasympathomimetics: Pilocarpine, carbachol
b. Anticholinesterases: Echothiophate iodide, phospholine iodide,
physostigmine and demecarium
Il. Adrenergic agents
a. Sympathomimetics:
Nonselective: Epinephrine, dipivefrine
Selective (a-agonists): Clonidine, apraclonidine, brimonidine
b. Adrenergic blocking agents:
Non-selective: Timolol, levobunolol, Metipranolol, carteolol
Selective (B4 antagonists): Betaxolol
lll. Carbonic anhydrase inhibitors:
Oral: Acetazolamide, methazolamide
Topical: Dorzalomide, brinzolamide
IV. Hyperosmotic agents:
Oral: Glycerol, isosorbide
Intravenous: Mannitol, urea
V. Prostaglandins:
Latanoprost, bimatoprost, travoprost, unoprostone
VI. Neuroprotective agents:
a. NMDA receptor antagonists
b. Calcium channel blockers
¢. NO synthetase inhibitors
d. Antioxidants
e. Vasodilators
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5. What is the mechanism of action of pilocarpine?
It is a directly acting parasympathomimetic.

In POAG: Pilocarpine acts by causing contraction of the longitudinal
ciliary muscle, which pulls the scleral spur to tighten the trabecular

meshwork, thereby increasing aqueous outflow.

In PACG: Pilocarpine constricts the pupil and pulls the peripheral iris from

the trabecular meshwork there by relieving the pupillary block.

6. What are the contraindications to the use of pilocarpine?

i. Neovascular glaucoma
ii. Uveitic glaucoma
iii. Phacolytic glaucoma

7. What are the adverse effects of pilocarpine?

A. Functional side effects:
i. Browache
ii. Decreased vision in low illumination due to miosis
iii. Induced myopia (due to ciliary body contraction)
iv. Lacrimation due to punctal stenosis
B. Anatomical side effects:
i. Conjunctival congestion
ii. Corneal epithelial staining
iii. Increased inflammation
iv. Cataract
v. lIris pigment cysts
vi. Retinal holes and detachment
vii. Increased vascular permeability and postoperative inflammation.

8. What are the types of adrenergic receptors?
o1, o2, B1, B2
9. Where are they located?

o4 : arterioles, dilator pupillae
op : ciliary epithelium

B1 : heart

B2 : bronchi, ciliary epithelium.

10. Which is the only cardioselective p-blocker?
Betaxolol.

11. What are the contraindications for B-blockers?

i. Congestive cardiac failure

ii. Second or third degree heart block
iii. Bradycardia

iv. Asthma

v. COPD
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12. What are the B-blockers used as antiglaucoma medication?

i. Timolol 0.5% bd
ii. Betaxolol 0.5% bd
iii. Levobunolol 0.5% bd
iv. Carteolol 1%, 2%

v. Metipranolol 0.1%, 0.3% bd

13. What is the mechanism of action of B-blocker?

Topical B-blockers inhibit cyclic adenosine monophosphate (cAMP)
production in ciliary epithelium thereby decreasing aqueous production
(20-50%) and hence reducing the intraocular pressure (20-30%).

14. Which is the ideal time to use timolol?

Timolol reduces aqueous production more, while taken in the morning.
Because of this reason and because there is a normal physiologic decrease
in aqueous flow at night, timolol is more effective when used in the
morning.

15. How is B-blockers classified?

Nonselective  : Timolol
Carteolol
Levobunolol
Metipranolol

Selective : Betaxolol

16. What are the types of decrease in efficacy associated with timolol
application?

i. Short term escape

ii. Long term drift
This decrease in efficacy may be due to the response of beta receptors
to constant exposure to an antagonist.

17. What are the ocular side effects of B-blockers?

i. Allergy
ii. Punctate epithelial erosions
iii. Decreases tear secretion.

18. What are the systemic side effects?

CVS: Bradycardia, hypotension, heart failure.
RS: Bronchospasm, aggravating asthma, emphysema, bronchitis.
CNS: Sleep disorders, depression, forgetfulness, rarely hallucinations.

19. What are the ways to decrease systemic absorption of topically
administered drug?

i. Lacrimal occlusion following instillation
ii. Closing the eyes for 3 minutes
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20. Which antiglaucoma drug is contraindicated in children?

Alpha-2 agonists are contraindicated in children because they cross blood-
brain barrier.

21. What are the advantages of gel forming solution?

i. Stays longer

ii. Absorption is better
ii. Day long IOP control
iv. Improves compliance.

22. What is 0.5% levobunolol equivalent to?
0.5% timolol.

23. What is the advantage of betaxolol?

It is the only cardioselective B-blocker. It has minimal respiratory side
effects.

24. What are the dosages in which brimonidine is available?

i. 0.2% brimonidine tartate
ii. 0.15% brimonidine purite.

25. What is the action of highly selective oy adrenergic agonist
(brimonidine)?

i. Decreases aqueous formation

ii. Increases uveoscleral outflow

iii. Neuroprotection.

26. What is the mechanism of action of sympathomimetics?

They decrease aqueous production by the net inhibition of adenylate cyclase
and the reduction of intracellular cyclic adenosine monophosphate.

27. What are the side effects of epinephrine and dipivefrine?

Ocular:
i. Black deposits (adrenochrome deposits in conjunctiva and cornea)
i. CME
iii. Pupillary dilatation and hence contraindicated in angle closure
glaucoma

Systemic:
i. Tachycardia
ii. Extra systoles
iii. Systemic hypertension
iv. Palpitation.

28. What is dipivefrine?
Dipivefrine is a derivative prodrug of epinephrine.
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29. Why is clonidine not used widely?

i. Narrow therapeutic index
ii. Causes systemic hypotension
iii. Causes sedation.

30. How does apraclonidine work?

Apraclonidine reduces IOP by:
i. Reduced aqueous production
ii. Improved trabecular outflow
iii. Reduced episcleral venous pressure.

31. What is the advantage of apraclonidine over clonidine?
Apraclonidine achieves the substantial IOP reduction of clonidine without
causing the centrally mediated side effects of systemic hypotension and
drowsiness.

32. What are the side effects of o agonists (brimonidine)?

i. Allergic blepharoconjunctivitis
ii. Dry mouth
iii. Somnolence
iv. Should be avoided in children and infants because of the increased
risk of somnolence, hypotension, seizures, apnea and serious
derangements of neurotransmitters in the CNS.
33. What is apraclonidine?

Apraclonidine is a paraamino derivative of clonidine and it is a potent oy
adrenergic agonist. Clonidine is believed to reduce aqueous humor
production, which may be caused by constriction of afferent vessels in the
ciliary processes.

34. What is the indication of 1% apraclonidine?

It has the advantage over clonidine in that it has minimal blood brain
barrier penetration and rapidly brings down the IOP in cases with short
term IOP elevations, such as following laser iridotomies.

35. What are the systemic side effects of o, agonists?

CVS: Bradycardia, vasovagal attack, palpitation, postural hypotension

GIT: Abdominal pain, nausea, vomiting, diarrhea.

36. What is the mechanism of action of carbonic acid inhibitors (CAI)?

They cause lowering of intraocular pressure by decreasing aqueous humor
production, by inhibition of carbonic anhydrase Il isoenzyme in ciliary
epithelium.

37. What are the forms in which CAIl are available?
Oral: Acetazolamide, methazolamide

Topical: Dorzolamide and brinzolamide
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38. What is the dosage of oral CAI?

Acetazolamide, 250 mg tablets, over 6 hours or 500 mg sustained release
capsules twice a day.

39. What are the side effects of CAI?

A. Ocular: Transient myopic shift.
B. Systemic:

a. Electrolyte imbalance:
Metabolic acidosis
Potassium and chloride depletion
Uric acid retention

b. Gastrointestinal disturbances:
Abdominal discomfort
Metallic taste
Nausea
Diarrhea
Anorexia

c. Genitourinary disturbances:
Nocturia
Urolithiasis associated with dysurea
Impotence

d. Central nervous system disturbances:
Drowsiness, headache, fatigue, paresthesias and tingling sensations
Irritability
Vertigo
Insomnia

e. Blood dyscrasias:
Agranulocytosis
Neutropenia
Aplastic anemia

f. Dermatological side effects:
Exfoliative dermatitis
Hair loss
Pruritis
Stevens-Johnson syndrome

40. What are the topical CAIl available?

2% dorzalamide hydrochloride eye drops used three times a day and 1%
brinzolamide used twice a day.

41. What are the side effects of topical CAl eye drops?

A. Ocular:
i. Ocular burning
ii. Stinging and discomfort
iii. Hypersensitivity reactions like periorbital dermatitis
iv. Superficial punctate keratitis.
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B. Systemic:
Thrombocytopenia.

42. When should the CAIl be avoided?

Renal transplant patients, renal failure patients and those patients with
known allergy to sulfa drugs and patients with chronic lives disease.

43. What is the mechanism of action of prostaglandins?

They cause increased uveo scleral outflow by two possible mechanisms
namely:

i. The relaxation of the ciliary muscle

ii. Remodeling the extracellular matrix of the ciliary muscle.

44. What are the various prostaglandins available?

i. Latanoprost (0.005%)
ii. Travoprost (0.004%)
ii. Unoprostone (0.12%)
v. Bimatoprost (0.03%)

45. What are the side effects of prostaglandins?

i. Increased pigmentation of eyelid skin.
ii. Alterations in eyelid cilia, like hypertrichosis and increased
pigmentation
iii. Conjunctival hyperemia
iv. Reactivation of dendritic keratitis
v. Increased iris pigmentation due to upregulation of tyrosinase activity
in melanocytes
vi. Uveitis
vii. Cystoid macular edema
viii. There is no systemic side effects.

46. Why is prostaglandin analogues used at bed time?

Because they have a peak effect 10—14 hours after administration, bedtime
application is recommended:

i. To maximize efficacy

ii. Decrease patient symptoms related to vascular dilatation.

47. What is the specific advantage of travoprost?
It has a good effect over the diurnal variation of IOP.

48. What is the mechanism of action of hyperosmotic agents?

Increases the osmolarity of plasma and thereby water from the eye (mainly
from the vitreous) moves to the hyperosmotic plasma. This movement of
water reduced vitreous volume and causes lowering of 10P.

49. What are the indications for hyperosmotics?

i. Any form of acute glaucoma
ii. To prepare the patient for surgery
iii. Malignant glaucoma



p(] ARAVIND FAQs IN OPHTHALMOLOGY

50. What is the contraindication for hyperosmotics?

i. Anuria

ii. Severe dehydration

ii. Severe cardiac decompensation
v. Pulmonary edema

51. What are the side effects of hyperosmotic agents?

A. Ocular:
i. Rebound of IOP.
ii. Intraocular hemorrhage

B. Systemic:

GIT:
i. Nausea
ii. Vomiting
iii. Abdominal cramps
iv. Diarrhea

CNS:
Hyperosmolarity and electrolyte imbalance causes:
i. Thirst
ii. Chills
iii. Fever
iv. Confusion
v. Disorientation

C. Genitourinary system:
i. Diuresis

ii. Electrolyte imbalance
ii. Dehydration

v. Hypovolemia

D. Cardiovascular system:
i. Angina
ii. Pulmonary edema
iii. Congestive cardiac failure

E. Others:

i. Hyperglycemia

ii. Hypersensitivity.
52. What is the most common instruction given to patients after IV
mannitol?

Not to get up immediately after the injection, since it may lead to
hypotension and rarely, even coning of the brain.
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53. What is the dosage of hyperosmotic agents?

Glycerol 50% oral route 1-1.5 g/kg
Isosorbide 45% oral route 1-2 g/kg
Mannitol 20% v 1-2 g/kg

54. What is the advantage of isosorbide over glycerol?
It can be safely given to diabetics unlike glycerol.

55. Why is mannitol the drug of choice for IV use?

i. Less irritating to blood vessels
ii. Can be used in diabetic patients
iii. Can be used in renal failure.

56. What are the disadvantages of mannitol?
i. Large volume
ii. Dehydration
iii. Diuresis.
57. What are the advantages of urea?
i. Less cellular hydration

ii. No caloric value
iii. Penetrates eye readily.

58. What are the disadvantages of urea?

i. Unstable
ii. Thrombophelibitis and sloughing of skin at injection site, if
extravasation occurs.

59. What is the percentage reduction of IOP in each class of drugs?

i. Prostaglandin analogs 1 25-32%
ii. B-blockers : 20-30%
iii. Adrenergic agonists 1 15-20%
iv. Parasympathomimetics 1 15-20%

v. Carbonic anhydrase inhibitors  : 15-20%

60. What are the disadvantages of using 2 or more drugs separately?

i. Nonadherence to treatment
ii. Poor compliance

iii. Difficult scheduling

iv. Washout effect

v. Preservative toxicity

vi. Cost



ptl ARAVIND FAQs IN OPHTHALMOLOGY

61. What are the parameters which need to be addressed when going
in for fixed combination (FC)?

i. Need

ii. Is IOP lowering effect superior?

ii. Pharmacologically complementing mechanism of action

v. Similar dosing schedule

62. What are advantages of timolol 0.5% + dorzolamide 2%
combination?

i. Reduces IOP more than either drug alone

ii. Produces maximal or near maximal efficacy

ii. Additive in their effect in spite of being aqueous suppressants
v. No electrolyte imbalance.

63. What is the advantage of timolol and prostaglandin combination?

Prostaglandin T uveoscleral outflow
Timolol 1 aqueous inflow
13-37% IOP reduction.

64. Why should we not combine prostaglandins with pilocarpine?

Pilocarpine : contracts ciliary muscle
1 uveoscleral outflow
T trabecular outflow
Prostaglandins: relaxes ciliary muscle
T uveoscleral outflow.

65. What are the fixed combination of prostaglandins?

Prostaglandins with brimonidine
Prostglandins with topical CAl.

66. What are the advantages of fixed combination?

i. Simple dosing and easy scheduling
ii. More patient adherence
iii. Maintains IOP at a lower level
iv. Less preservative toxicity
v. Less systemic toxicity
vi. Economical.

67. What are the disadvantages of fixed combination?

1. a. Formulation of both drug in single bottle — a. time of action. For
example, for timolol, dosing first thing in the morning is preferred in
order to effectively blunt an early morning pressure rise while
minimizing the risk of systemic hypotension during sleep, when
aqueous production is diminished. But prostaglandin analogues reach
the peak effect 10-14 hours after administration. Hence bed time
application is recommended to maximize efficacy and decrease patient



GLAUCOMA PR3

symptoms related to vascular dilatation. Therefore when both these
drugs are combined, dosage becomes an issue.
b. Alters the individual potency of medication.
2. Without confirming the efficacy of individual components, so unnecessary
exposure to drugs which will not be beneficial.

68. What are the choices of drugs in POAG/PACG post YAG PI?

Prostaglandins + timolol
Dorzolamide + timolol
Brimonidine + timolol
Pilocarpine + timolol

69. What are the choices of drugs in uveitic glaucoma?
i. Dorzolamide + timolol
ii. Brimonidine + timolol.
70. What are prostamides?
Prostamides are COX-2 derived oxidation products of the endocannabinoids/
endovanniloid anandamide.
71. What are neuroprotective drugs?

These drugs are thought to protect the optic nerve and include:
i. Memantine
ii. Nitric oxide synthetase inhibitors
iii. Peptides
iv. Cannabinoids
v. Calcium channel blockers.

72. Which anti-glaucoma medications are contraindicated in uveitis?
Miotics and prostaglandin analogues are contraindicated because they
increase blood-aqueous barrier breakdown thereby increasing inflammation.
73. What are prostamides closely related to?

PGF2 alpha is related to bimatoprost.
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4.16. NEWER DRUGS IN GLAUCOMA

1. Classify new ocular hypotensive agents.

i. Natural products: Cannabinoids
ii. Activators of extracellular matrix hydrolysis: Matrix metalloproteinases
(MMPs)
iii. Cytoskeleton modulator: Ethacrynic acid
iv. Protein kinase inhibitors
v. Compounds that increase cyclic GMP.

2. What are cannabinoids?

Mechanism of action:
i. Vasodilatation of the efferent vessels in the anterior uvea
ii. Modification of the surface membrane glycoprotein residues on the
ciliary epithelium
iii. Increased facility of outflow.

Side effects:
Tachycardia, hypotension, euphoria and hyperemia of the conjunctiva.
Pulmonary fibrosis and impaired neurologic behavior.

Disadvantages:

Systemic hypotension, which may be associated with reduced perfusion
of the optic nerve head. These side effects of the cannabinoids thus far
tested in humans seriously limit their usefulness in the treatment of
glaucoma.

3. What are the activators of extracellular matrix (ECM) hydrolysis
group?

Mechanism of action:

An excessive accumulation of ECM material in the TM of glaucomatous
eyes likely contributes to decreased aqueous outflow. Therefore, therapeutic
manipulations that eliminate the excessive extracellular matrix should
theoretically improve outflow facility and consequently lower 10P.

Current drug under study from this group:
i. Matrix metalloproteinases

Activation of these enzymes reduces the excessive accumulation of
ECM molecules, such as proteoglycans, collagens, fibronectins and
laminin, in the glaucomatous eye and in turn decreases hydrodynamic
resistance of the outflow pathway.
Disadvantages:
MMPs, being proteins of large molecular mass, are not practical as
medical treatment.
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ii. Inducers of matrix metalloproteinases
Tert-butylhydroquinone, can upregulate MMP-3 expression in the TM
cells and increase aqueous outflow facility in glaucoma and
nonglaucoma eyes.

iii. Activator of glycosaminoglycan degradation compounds:
Products that catalyze the hydrolysis of glycosaminoglycans (GAGs)
stimulate the degradation of ECM in the TM and increase the outflow.
GAG-degrading enzymes, hyaluronidase and chondroitinase,
consistently increase outflow facility and decrease IOP in study
models. Similar to MMPs, these GAG-degrading enzymes are not
practical for clinical use. AL-3037A (sodium ferri ethylenediamine
tetraacetate), a small molecule with a chelated ferric ion, accelerates
the ascorbate mediated hydrolysis of GAGs and enhances outflow
facility by 15—-20%. Future studies may discover other small molecules
that stimulate the production or activation of these enzymes, which
are more suitable as clinically useful therapeutic agents.

4. What are protein kinase inhibitors?

Mechanism of action: Exact mechanism of action is not fully understood.
They likely increase aqueous outflow by affecting cytoskeleton of the TM
or Schlemm’s canal endothelial cells.

Current drug under study from this group:
i. Broad spectrum kinase inhibitors—H-7
ii. Inhibitors of protein kinase C—GF109203X
iii. Rho-associated coiled coil-forming kinase (ROCK) inhibitors—Y-27632
and H-1152.

Advantages:
Topically active and have great IOP-lowering efficacy.

Disadvantages:

Since kinases are involved in many cellular functions in most tissues,
vigilance is needed for the potential local and systemic side effects of
prolonged use of these compounds.

5. What are cytoskeleton acting agents?

Mechanism of action:

Compounds that disrupt the cytoskeleton (microfilaments, microtubules,
intermediate filaments) can affect the cell shape, contractility and motility,
and these changes may be sufficient to alter the local geometry of the
outflow pathway and consequently aqueous outflow.

Current drug under study from this group:
i. Ethacrynic acid
ii. Latrunculin B
iii. Swinholide A
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Disadvantages:
i. Poor corneal penetration
ii. Corneal toxicity
iii. Trabecular meshwork toxicity.

These side effects have limited its clinical utility as a glaucoma therapeutic
agent.

6. What are compounds that increase cyclic GMP?

Mechanism of action:

Cyclic GMP affects both aqueous production and outflow.

Activation of cyclic GMP-dependent protein kinases, which, by
phosphorylation, leads to functional changes of various proteins, e.g. an
inhibition of Na-K ATPase, leads to decrease in aqueous production.

Current drug under study from this group:

i. Cyclic GMP analogs:
Cell permeable analogs of cyclic GMP

ii. Nitric oxide donors:
Nitroglycerin, isosorbide dinitrate, sodium nitrite, hydralazine, minoxidil,
sodium nitroprusside.

iii. Natriuretic peptides:
Atrial natriuretic peptide (ANP)
Brain-derived natriuretic peptide (BNP)
C-type natriuretic peptide (CNP).
Intracellular cyclic GMP levels can also be increased by the activation
of guanylyl cyclases. Nitric oxide (NO) and compounds that release
NO by hydrolysis (NO donors) are activators of the soluble guanylyl
cyclases. Natriuretic peptides are activators of the membrane-bound
guanylyl cyclases. Both NO donors and natriuretic peptides are
effective IOP-lowering compounds.
Disadvantages: Since they are peptides, cornea penetration and
degradation by peptidases can be prohibitive hurdles for their clinical
usefulness.

iv. Compounds that increase natriuretic peptides:
Candoxatril natriuretic peptides are degraded partly by a neutral
endopeptidase NEP 24.11. Thus, inhibition of this enzyme increases
tissue concentration of natriuretic peptides. Oral administration of
candoxatril, a prodrug that is metabolized to an NEP 24.11 inhibitor,
increases atrial natriuretic peptide (ANP) level and significantly lowers
IOP by 2-3 mm Hg.

7. Neuroprotection:

Rationale for using neuroprotection:

It has been hypothesized that intraretinal or intravitreal glutamate levels
that are neurotoxic to ganglion cells play a role in glaucoma and hence
drugs which work against these agents can help in glaucoma management.
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They are also supposed to enhance the vascular supply and decrease pro-
apoptotic factors.

Methods for neuroprotection
A. Pharmacologic
i. Glutamate receptor antagonists
NMDA receptors: Memantine
AMPA/kainate antagonists
ii. Calcium channel blocker
Nimodipine
iii. P2-adrenergic agonists like brimonidine
iv. Neurotrophic factors
Neurotrophin 3
v. Nitric oxide synthase inhibitors
Aminoguanidine
vi. Reactive oxygen species scavengers
vii. Apoptosis inhibitors
Cytochrome C release inhibitors
Caspase inhibitors.
B. Immune modulation
Focal activation of the immune system in the optic nerve or retina as
a way of preserving retinal ganglion cells and their functions. (Activated
T lymphocytes primed to optic nerve constituents, e.g. myelin basic
protein, would home to sites of injury and release factors that are
neuroprotective).
C. Preconditioning
Concept: An injury insufficient to cause irreversible damage often may
result in increased resistance to future injury. This type of neuroprotection
is difficult to translate directly into clinical use, as it requires a series
of injuries insufficient to kill retinal ganglion cells and it may not be
tolerated by the patient.

Neurorepair and regeneration

Neurorepair is the name given to the production and differentiation of new
neurons. Regeneration is the name given to the extension of axons to their
appropriate targets. Neurorepair focuses on the use of stem cells (embryonic
stem cells, adult stem cells or more differentiated neural progenitor cells)
to repopulate and repair damaged neuronal tissues.

8. Neuroprotectors.

A. Memantine
It is an N-methyl-D-aspartate (NMDA) receptor antagonist.
Mechanism of action:
The NMDA receptor is an ion channel that is activated by glutamate,
allowing extracellular calcium to enter the cell. In normal physiologic
conditions, the NMDA receptor has an important role in neurophysiologic
processes, such as memory. However, excessive activation of the
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NMDA signaling cascade leads to “excitotoxicity” wherein intracellular
calcium overloads neurons and causes cell death through apoptosis.
Memantine blocks the excessive glutamate stimulation of the NMDA
receptor of the regional ganglion cell and protects it from calcium mediated
apoptosis.
Uses: To treat CNS disorders like—Parkinson, Alzheimer’s disease.
Currently being studied as a neuroprotective agent in glaucoma.

B. Nitric oxide synthase inhibitors:
Aminoguanidine:
Mechanism of action:
Nitric oxide is a gaseous second messenger molecule. It has both
physiologic and pathologic functions in blood flow, immune response
and neuronal communication.
The expression of nitric oxide is regulated by three different forms of
nitric oxide synthase (NOS) — endothelial NOS (eNOS), neuronal NOS
(nNOS) and inducible NOS (iNOS).

Role of nitric oxide in the eye:
Aqueous humor dynamics, maintaining a clear cornea, ocular blood
flow, retinal function and optic nerve function. Excessive nitric oxide
generated by iINOS in optic nerve astrocytes and microglia is associated
with optic nerve damage. Aminoguanidine by inhibiting inducible nitric
oxide (INOS) synthase was shown to prevent retinal ganglion cell loss.
C. Calcium channel blockers
Nimodipine
Mechanism of action:
Produce vasodilatation by inhibiting the entrance of calcium ions into
vascular smooth muscle cells. Hence may protect the optic nerve head
by improving vascular perfusion.
They have also been shown to have ocular hypotensive activity.
Current status: The level of evidence at this time, as well as the
systemic side effects of calcium channel blockers, does not support
the use of this class of drugs for the routine management of glaucoma.
D. Neurotrophic factors
Neurotrophins are peptides that have an important role in the development
and maintenance of various neuronal populations. Brain-derived
neurotrophic factor, neurotrophin 3 and nerve growth factor have
differential effects on the cell survival promotion, differentiation or demise.
The role for these biologically active peptides and their receptors in
relation to the survival and death of ganglion cells is under study.
E. Apoptosis inhibitors
Caspases are a family of proteases that execute the dismantling and
demolition of cells undergoing apoptosis. Caspases 8 and 9 have been
shown to be activated in experimental glaucoma. Suppression of
apoptosis using caspase inhibitors is an approach that has been explored
with modest success.
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9. Other agents.

Vi.

Vii.

Tetrahydrocortisol: A metabolite of cortisol, shown to lower the
dexamethasone-induced ocular hypertension.

Mifepristone: A specific glucocorticoid receptor antagonist lowers
IOP, possibly by blocking the glucocorticoid receptor-mediated effects
in ocular tissues.

Spironolactone: A synthetic steroidal aldosterone antagonist with
potassium-sparing diuretic-antihypertensive activity produced
significant IOP reduction in glaucoma patients, which persisted 2
weeks after termination of the treatment.

. Antazoline: An antihistamine of the ethylenediamine class, shown

to lower the IOP following topical administration apparently by
decreasing aqueous production. Angiotensin-converting enzyme
inhibitor: In a topical formulation has been shown to lower the IOP
in dogs and humans with ocular hypertension or open-angle glaucoma.

. Organic nitrates: Intravenous nitroglycerin or oral isosorbide dinitrate

have been reported to lower IOP in glaucoma and nonglaucoma
patients.

Melatonin: A hormone produced by the pineal gland, was shown to
lower the IOP in normal subjects. Demeclocycline, tetracycline and
other tetracycline derivatives: Lower the IOP in rabbits, which appears
to be related to reduce aqueous humor production. Acepromazine, an
analog of chlorpromazine that is used as a tranquilizer in veterinary
medicine, had no effect on IOP when given topically to normotensive
rabbits, but reduced the pressure for at least 32 hours in rabbits with
chronic I0P elevation produced by argon laser applications to the
trabecular meshwork.

Alternative medicine:

Ginkgo biloba extract (GBE): Leaf extracts of the ginkgo tree have
many neuroprotective properties applicable to the treatment of non-
IOP—dependent risk factors for glaucomatous damage. GBE exerts
significant protective effects against free radical damage and lipid
peroxidation. It preserves mitochondrial metabolism and ATP
production. It partially prevents morphologic changes and indices of
oxidative damage associated with mitochondrial aging. It can scavenge
nitric oxide and possibly inhibit its production. It can reduce glutamate-
induced elevation of calcium concentrations and can reduce oxidative
metabolism in resting and calcium-loaded neurons and inhibits
apoptosis. GBE has been reported to be neuroprotective for retinal
ganglion cells in a rat model of chronic glaucoma.
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4.17. LASERS IN GLAUCOMA

1. What are the applications of laser in glaucoma?

A. Therapeutic

i. To treat internal block:
Iridotomy (both argon and Nd:YAG and diode)

ii. To treat outflow obstruction:
Trabeculoplasty (argon)
Trabeculopuncture (argon)
Gonioplasty/iridoplasty (argon)

iii. Miscellaneous uses:
Cyclophotocoagulation (Nd:YAG)
Cyclodialysis (Nd:YAG)
Pupilloplasty (argon)
Sphincterotomy (both)
To rupture cysts of iris and ciliary body (both):
Goniophotocoagulation (argon)
Laser suturolysis
Anterior hyaloidotomy
B. Diagnostic

i. Confocal scanning laser ophthalmoscope (optic nerve head
evaluation)

ii. Laser retinal Doppler flowmetry (optic nerve head perfusions).

2. Mention commonly used lasers and their wavelengths.

Laser Wavelength
(in nm)
Excimer 193
Argon blue-green 488-514
Nd:YAG 1064
Diode 810
CO, 10600

3. What are the principles used in lasers to treat glaucoma?

a. Photodisruption:
When ultra short pulses of laser are targeted at tissue, the latter is
reduced to a form of matter called ‘plasma’. This generates fluid forces
(both hemodynamic waves and acoustic pulses) which propagate in all
directions. This propagating force incises tissue. This forms the basis
of Nd:YAG capsulotomies and iridotomies.

b. Photocoagulation:
Any chromophore including iris and trabecular meshwork absorbs laser
light and converts to heat energy. This causes coagulation of tissue.
When collagen is warmed during this process, it contracts and changes
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the microanatomy of tissues (trabeculoplasty). Likewise, the leaking
blood vessels are sealed in neovascular glaucoma.

4. What are the indications of laser iridotomy?

i. Acute angle closure glaucoma

ii. Prodromal stage of angle closure glaucoma

iii. Chronic angle closure glaucoma

iv. Aphakic or pseudophakic pupillary block

v. Malignant glaucoma

vi. Prophylactic laser iridotomy in fellow eye of angle closure
vii. Nanophthalmos
viii. Traumatic secondary angle closure

ix. Microspherophakia

x. Pigment dispersion syndrome

xi. To penetrate nonfunctioning peripheral iridectomy

xii. Combined mechanism glaucoma
xiii. Alteration in angle structure due to lens like phacomorphic glaucoma.

5. What are the contraindications of laser peripheral iridotomy?

i. Corneal edema

ii. Corneal opacification

iii. Flat anterior chamber

iv. A completely sealed angle resulting in angle closure
v. Primary synechial closure of the angle

vi. Uveitis

vii. Neovascular glaucoma
viii. Iridocorneal endothelial syndrome.

6. What is the mechanism by which argon produces peripheral
iridotomy?

Argon laser requires uptake of light energy by the pigment (thermal effect)
and coagulates tissues. However, it requires more energy for iridotomy
and is associated with more late closures compared to Nd:YAG laser.

7. What are the conditions where argon laser is preferred over Nd:
YAG in producing peripheral iridotomy?

i. Brown irides (it is used in sequential contribution with Nd:YAG)
ii. Patients on chronic anticoagulant therapies

ii. Angle closure stage of neovascular glaucoma

v. Patients with blood dyscrasias like hemophilia.

8. What is the mechanism by which Nd:YAG laser produces a
peripheral iridotomy?

Nd:YAG works on the principle of photodisruption and is effective on all
iris colors. Laser wavelength is near infrared range (1064 nm). It is always
preferred over argon laser.
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9. Describe the technique of Nd:YAG PI.

Preoperative preparation:

Pilocarpine 2%—3 times (5 minutes apart), is used to constrict the
pupil.

Brimonidine or apraclonidine 0.2%—Half hour before procedure.

. Role of using a contact lens: The lens provides firm control over

eyeball and reduces saccades and extraneous eye movements that
interfere with accurate superimposition of burns. The lens assists in
keeping the lids separated, focuses the laser beam and minimizes
loss of laser power caused by reflection. The Abraham lens which
is used, consists of a fundus lens with a +66D planoconvex lens
with a button placed on its anterior surface. The button provides
magnification without loss of depth of focus.

The gonioscopy solution: Absorbs excess heat delivered to the
cornea thus decreasing the incidence of corneal burns.

. Site: Iridotomy spot may be placed in the upper nasal iris to avoid

diplopia and macular burns. The laser is targeted at the crypts to
ensure easy penetration. The red helium neon laser aiming beam is
brought to focus when the multiple beams are brought into a single
spot aimed through center of the contact lens.

Energy: 3-8 mdJ

1-3 pulses per shot

Pl size should be 300-500 p

Immediate post treatment:

Prednisolone acetate 1% is used every 2 hours for 1 day and then
tapered over a week. The intraocular pressure is checked regularly
at 1 hour, 1 day, 1 week and 4 weeks. Gonioscopy is done at 1 week
and dilation at 2 weeks. Intraocular pressure, status of the overlying
corneal endothelium, anterior chamber reaction and iridotomy patency
are evaluated. Gonioscopy is always performed to be sure that pupillary
block has been relieved and to determine the extent of PAS. Smallest
size iris opening that is acceptable following laser iridotomy is 60 p
or greater. More importantly, one must be able to see the lens
capsule through the iridotomy to document relief of pupillary block by
gonioscopy. Failing this, repeat treatment is indicated.

10. What are the signs of iridotomy penetration?

i.
ii.
ii.
V.

Sudden gush of aqueous
Retroillumination shows a patent PI
Deepening of AC

Plomb of iris pigments.

11. What are the various techniques used in argon laser PI?

Hump, drumhead and chipping are the techniques advocated for producing
peripheral iridotomy with continuous wave argon laser.
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Hump technique: Involves creating a localized elevation of iris with large
diameter low energy burns and then penetrating the hump with a small
intense burn.

Drumhead technique: Involves placing a large diameter low energy burn
around the intended treatment site to put the iris on stretch and the area
is penetrated with small high energy burns.

Chipping technique: Especially useful in dark brown iris where standard
settings may produce black char in iris stroma making it difficult to penetrate
the tissue. This is circumvented by using multiple short duration burns.
This is called the chipping technique.

12. Common complications of laser peripheral iridotomy.

i. Corneal burn

ii. Uveitis

iii. Elevated intraocular pressure
iv. Hemorrhage

v. Pigment dissemination and iris atrophy
vi. Lens injury

vii. Posterior synechia
viii. Retinal damage

ix. Corectopia

x. Monocular diplopia

xi. Malignant glaucoma

xii. Glare.

13. Difference between surgical iridectomy and laser iridotomy.
Surgical iridectomy Laser iridotomy

Margins Clean cut, triangular Ragged, irregular

Site Near limbal incision site | Any clock hour on the iris
(mostly 12 o’clock) surface

Closure Not possible Possible

Surrounding iris Not altered May be associated with

tissue pigment dispersions

14. What are the indications for argon laser trabeculoplasty?
i. Primary open-angle glaucoma
ii. Exfoliative glaucoma
iii. Pigmentary glaucoma
iv. Glaucoma in pseudophakia
v. Combined mechanism glaucoma
vi. Normal tension glaucoma
vii. Noncompliance with medications
viii. Inadequate medical control.
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15. What are the contraindications for argon laser trabeculoplasty?

i. Inflammatory glaucoma
ii. lridocorneal endothelial syndrome
iii. Neovascular glaucoma
iv. Synechial angle closure
v. Developmental glaucoma.

16. Describe the technique of argon laser trabeculoplasty.

i. Preoperatively: Pilocarpine is used to constrict the pupil. 0.5%
apraclonidine and topical xylocaine are instilled.
ii. Contact lens: Ritch trabeculoplasty/Goldmann 3 mirror can be used.

ii. Site: Equally spaced burns are applied to anterior half of trabecular
meshwork at the junction of pigmented functional and nonfunctional
trabecular meshwork.

iv. Laser parameters: 180—-360° of angle treated with argon blue green
of 800—-1200 mW; 0.1 sec exposure, 50 umm spot size, 24 shots per
quadrant.

v. End point: Blanching of trabecular meshwork or appearance of an air
bubble.

17. What is the mechanism of action of argon laser trabeculoplasty?
Explained by 2 theories:

Mechanical theory: Collagen shrinkage is produced at site of burns.
There is stretching of trabecular meshwork between the burns which opens
the meshwork pores and allows aqueous to flow better. Laser burns attract
phagocytes that clean up the debris within the meshwork and allow aqueous
to flow better.

Biological theory: It causes activation of macrophages to ingest and
clear the debris thereby increasing the outflow facility.

18. What are the complications of argon laser trabeculoplasty?

i. Pressure rise

ii. Visual loss

iii. Peripheral anterior synechiae

iv. Uveitis

v. Hyphema

vi. Increased incidence of Tenon’s cyst following trabeculectomy.

19. What is the percentage decrease in IOP following argon laser
trabeculoplasty in POAG?

Average reduction is about 30%. About 50% of eyes remain well controlled
after 5 years of treatment.

20. What is the effect on success of trabeculectomy following ALT
versus an eyes in which no laser was done previously?

The risk of encapsulated blebs following filtration surgery is upto 3 times
more in eyes previously treated by ALT.
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21. What are the indications for selective laser trabeculoplasty?
i. Open-angle glaucoma
ii. Failed argon laser trabeculoplasty
iii. Pseudoexfoliation glaucoma
iv. Pigmentary glaucoma
v. Juvenile glaucoma
vi. Inflammatory glaucoma
vii. Poorly compliant patient
viii. End stage treatment.

22. What is the mechanism of action of selective laser trabeculoplasty?
Selective laser trabeculoplasty therapy targets the pigmented melanin
containing cells (yellow) in the trabecular meshwork preventing thermal
transfer to the surrounding tissue.

A cellular and biochemical model has been proposed.

Macrophages are recruited to the laser treatment zones which stimulate
release of cytokines. These cytokines upregulate synthetic matrix
metalloproteinase (MMP), which increase the porosity of endothelial layers
of trabecular meshwork and Schlemm’s canal and increases aqueous outflow.

23. What are the laser parameters used in selective laser
trabeculoplasty?

Frequency doubled Q switched Nd:YAG laser is used.

532 nm, pulse duration 3 ms

Spot size 400 p

Energy 0.2-1.7 mW, 50-100 adjacent laser spots are applied.

24. What is laser iridoplasty?

It is also called gonioplasty and is a technique to deepen the angle. It is
an iris flattening procedure done in:

Plateau iris

Nanophthalmos

POAG in anatomically narrow angle.

25. What are the settings used for laser iridoplasty?

Settings—100—200 mm spot size
—200—-400 mW power
—0.1 second
—20—-24 spots over 360°

26. What is the role of lasers in cyclodestructive procedures?

Involves cyclophotocoagulation — A thermal method of destroying part of
ciliary body.
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Approaches can be

Transpupillary Transscleral Endocyclophotocoagulation

Noncontact Contact  Pars plana or Limbal
approach

Transpupillary procedures are unpredictable and give disappointing results.
Transscleral route is the preferred modality.

In noncontact: There is slit lamp delivery of laser energy through air.
Contact method: Involves fiberoptic probe delivery directly to ocular surface.
Endocyclophotocoagulation: Involves use of intraocular laser probe to
treat ciliary processes. Two options are available.

Pars plana route: Particularly useful in neovascular glaucoma in diabetic
patients in whom vitrectomy is also needed.

Limbal route: Procedure is carried out through limbal incision. Useful in
phakic, pseudophakic and aphakic patients. It can be combined with
cataract extraction.

27. How is laser useful in malignant glaucoma?

Laser hyaloidectomy/hyaloidotomy or vitreolysis is done. In malignant
glaucoma anterior hyaloid acts as a barrier to fluid movement into anterior
chamber. Laser (by Nd:YAG) is used to photodisrupt the anterior hyaloid
face and relieve ciliovitreal compression.

Laser parameters: 100-200 pm

Spot size 1-11 mm

28. What is laser suturolysis?

Technique by which scleral flap sutures applied for closing flap in
trabeculectomy can be lysed or cut using lasers.

29. Describe the technique of laser suturolysis.

Lasers used : Solid Nd:YAG laser or argon green

Timing : Within few days to 6 months after trabeculectomy
Indications : When the target intraocular pressure is not reached.
Lenses used : Zeiss gonioprism or Hoskins laser suturolysis lens
Duration : 0.02 to 0.15 seconds

Spot size : 50-100 nm

Power : 300 mW

Gentle pressure over conjunctiva makes sutures more visible.

30. What are the complications of laser suturolysis?

i. Conjunctival burns
ii. Flat anterior chamber
iii. Conjunctival flap leak
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iv. Hypotonous maculopathy
v. lris incarceration, hyphema
vi. Blebitis, endophthalmitis.

31. Describe technique of digital pressure.

Constant and firm digital compression is applied over inferior aspect of
globe through the patient’s lower lid while the eye is upturned. Duration of
each compression shouldn’t last for more than 10 seconds.

32. What is goniophotocoagulation?

Used to ablate vessels which cross scleral spur.
Argon laser of 150-500 mW
100 u spot size is used for 0.2 sec for this procedure.

33. What are the indications for transscleral cyclophotocoagulation?

i. In refractory glaucoma when intraocular pressure is uncontrolled
despite maximum tolerated medical treatment and failed filtration or
high risk of failure of the same like in aphakic, pseudophakic or
neovascular glaucomas.

ii. Glaucoma associated with inflammation

iii. Eyes with previous failed filtering procedure or following penetrating
keratoplasty.

34. Describe diode laser transscleral cyclophotocoagulation.

Anesthesia: Administer local anesthetic. Supplement with retro or peribulbar
injections. Can be done in supine position or sitting at the slit lamp.
Treatment quadrants: Over a 270° area involving inferior, nasal and
superior quadrants. Temporal quadrant is spared to allow for some ciliary
production of aqueous humor.

Treatment parameters:

Pigmentation Starting power Starting duration
Dark 1500 mW 2000 ms
Light 1750 mW 2000 ms

Pops may be heard during treatment indicating tissue disruption but
they are not a prerequisite for effective treatment.

The G probe tip and eye surface is kept moist by methylcellulose or
artificial tears.

Postoperative care: The eye is patched for 4 to 6 hours. Topical
cycloplegics BD or more, topical steroids QID is given and tapered as
inflammation subsides. All preoperative glaucoma medications except
miotics are to be continued. Monitor patients at 1, 3, 6 weeks after
treatment.

35. What are the complications of diode cyclophotocoagulation?

Commonly:
i. Pain
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ii.
iii.
iv.

Inflammation
Reduced visual acuity due to cystoid macular edema
Hypotony

Uncommon complications:

i
ii.
iii.
iv.
V.
Vi.
vii.
viii.

Hypopyon

Corneal epithelial defect
Scleral thinning

Graft failure

Malignant glaucoma
Suprachoroidal hemorrhage
Hyphema

Sympathetic ophthalmitis
Phthisis bulbi.



GLAUCOMA PAK]

4.18. TRABECULECTOMY

1. What are the types of filtering surgeries?

Filtering surgeries are of 3 types:
i. Full thickness
ii. Partial thickness
iii. Nonpenetrating

Full thickness (Example):

i. Sclerectomy

ii. Trephination

iii. Thermal sclerostomy (Scheie’s procedure)
iv. Laser sclerostomy (ab externo/interno)

v. lIridencleisis

vi. Goniopuncture

Partial thickness:
= Trabeculectomy

Nonpenetrating:
i. Viscocanalostomy
ii. Canaloplasty
iii. Deep sclerectomy.

2. What are “full thickness” operations?

These are filtering operations without a sclera flap. Entire thickness of the
wall from the corneoscleral surface to the anterior chamber is removed.

3. What is a “partial thickness” operation?

An operation with a partial thickness flap of sclera overlying the opening
between the anterior chamber and the subconjunctival space, e.g.
trabeculectomy.

4. What is the advantage of partial thickness flap over full thickness?

i. Uniform control of IOP
ii. Decrease risk of postoperative hypotony thus decrease risk of
hypotonous maculopathy
iii. Decreased risk of postoperative complication like hyphema, iris
prolapse, shallow anterior chamber
iv. Decreased risk of postoperative infection, endophthalmitis.

5. Is the term trabeculectomy a misnomer?

Yes, because the block of tissue removed does not need to include
trabecular meshwork to be successful. The procedure involves a peripheral
posterior keratectomy more than removal of trabecular meshwork.

6. What is the principle?

Trabeculectomy works mainly because of filtration. The basic mechanism
is by creating a fistula at the limbus, which allows aqueous humor to drain
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from the anterior chamber, around the edges of the sclera flap and into the
subconjunctival space from where it leaves by transconjunctival filtration
or by absorption into the lymphatics and vessels of subconjunctival tissue.

7. What are the indications for trabeculectomy in primary open-angle
glaucoma?

Failed maximal tolerated medical therapy and failed laser surgery or poor
candidates of laser with any of the following:
i. Progressive glaucomatous optic nerve head damage
ii. Progressive glaucomatous field loss
iii. Anticipated optic nerve head damage or as a result of excessive IOP
iv. Anticipated visual field damage
v. Lack of compliance with anticipated progressive glaucomatous damage.

8. What are the features of a good filtering bleb?

The blebs which are associated with good IOP control are:
i. Avascular
ii. Numerous microcysts in the epithelium
iii. Either low and diffuse or more circumscribed and elevated.

9. What are the signs of a failing bleb?

The signs of a failing bleb are:

i. Reduced bleb height

ii. Increased bleb wall thickness
ii. Vascularization of the bleb

iv. Loss of conjunctival microcysts
v. Raised IOP.

10. What are the types of blebs following trabeculectomy?

There are 4 types:

i. Type 1 bleb: Thin and polycystic appearance due to transconjunctival
flow of aqueous. It is associated with good filtration.

i. Type 2 bleb: Flat, thin and diffuse with a relatively avascular
appearance, associated with good filtration. Conjunctival microcysts
are usually visible with high magnification.

iii. Type 3 bleb: Flat, not associated with microcystic spaces, contains
engorged blood vessels on its surface. This bleb does not filter and
hence the intraocular pressure is elevated.

iv. Type 4 bleb/encapsulated bleb/Tenon’s cyst: Localized, highly
elevated, dome shaped, cyst like cavity of hypertrophied Tenon’s
capsule with engorged surface blood vessels. This bleb does not
filter and hence the intraocular pressure is elevated.

v. Risk factors for Tenon’s cyst:

— Young individuals

— Previous conjunctival surgery
— Secondary glaucoma

— Laser trabeculoplasty
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— Topical sympathomimetic therapy
— Tenon cyst in the fellow eye.

11. What is the preoperative care?

iv.

Vi.

Vii.
viii.

If IOP is very high then it is reduced to a safe level

Treat any ocular inflammation (reduced chances of establishing a
lasting bleb)

Discontinue epinephrine/anticholinesterase to reduce vascular
congestion and reduce intraoperative bleedings

Discontinue aqueous suppressant timolol (2 weeks prior) and carbonic
anhydrase inhibitors (1—2 days prior)) to prevent ocular hypotony and
establish a filtering bleb

Avoid gentamicin, which can irritate conjunctiva and produce
congestion of eyes

Constrict pupil with pilocarpine 1% 3 times, 1 hour before the operation.
It prevents iris prolapse

If aspirin had been used, it is discontinued for 5 days before surgery
If eyes have new vessels, preoperative panretinal laser
photocoagulation should be done first to induce regression of vessels
and improve prognosis.

12. What are the steps of trabeculectomy?

vi.
Vii.

viii.

Xi.

A bridle suture is inserted

A conjunctival flap is fashioned superonasally. The flap may be
based either at the limbus or at the fornix

A triangle or rectangle based at the limbus is outlined on the sclera
measuring 3 mm radially and 4 mm circumferentially by a wet field
cautery. One may make a square/triangular flap. With a sharp pointed
knife, incisions are made along the cautery marks through 2/3rd of
the sclera thickness starting as anteriorly as possible behind the
reflected flap.

. One of the corners of the flap is held up with toolkit colibri forceps

and dissection is started. A natural tissue plane will become apparent
at about 1/3rd of scleral thickness. The dissection is done in an anti-
direction in the same plane keeping the blade flat until the color turns
from white to grey

The dissection is continued until clear cornea has been reached
Paracentesis is done at this stage

The fistula is begun by entering the anterior chamber with a knife just
behind the hinge of scleral flap

This deep block is excised using Kelly Descemet’s membrane punch
Internal ostium should be 1.5 x 2 mm

A peripheral iridectomy is performed to prevent blockage of the
internal ostium by the peripheral iris

The superficial sclera flap is sutured with interrupted 10-0 nylon so
that it is apposed lightly to the underlying bed
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Xii.

Xiii.
Xiv.

If necessary, AC can be reformed by injecting BSS through the
paracentesis with a Rycroft cannula.

The conjunctival flap is sutured with 8-0 vicryl

At the completion of surgery, one drop of 1% atropine eye drop is
instilled and a mixture of betamethasone and gentamicin (0.8 ml
gentamycin, 0.3 ml betamethasone) is injected inferiorly under the
conjunctiva

13. What are the structures removed in trabeculectomy?

From outside to inside:

i

ii.
iii.
iv.

V.
Vi.

Block of scleral tissue
Schlemm’s canal
Trabecular meshwork
Schwalbe’s line

Block of peripheral cornea
Iris.

(Tenon’s removal is optional. Some surgeons prefer to remove it, as it
is source for fibroblasts).

14. What are the advantages of fornix based flap?

i.
ii.
ii.
V.

Easier to create

Good surgical exposure

Easier to identify surgical landmarks
Avoids postconjunctival scarring.

15. What are the disadvantages of fornix based flap?

iv.

Harder to excise Tenon’s tissue

Spontaneous aqueous leak at limbus in early postoperative period
Caution when doing argon laser lysis of sclera flap sutures
subconjunctival 5-FU injections and digital pressure in the early
postoperative period

Late postoperative IOP not as low as limbus based flap.

16. What are the advantages of limbus based flap?

Easier to excise Tenon’s tissue

Argon laser lysis of sclera flap sutures, subconjunctival 5-FU
injections and digital pressure can be done with more safety in the
early postoperative period

Late postoperative IOP lower

17. What are the disadvantages of limbus based flap?

Anterior dissection of the conjunctival flap is difficult as incision in
conjunctiva is made posterior to the fornix

Poor surgical exposure

More conjunctival manipulation.
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18. Which are more preferred limbus/fornix based flaps?

Studies comparing fornix—based on limbus based trabeculectomies have
demonstrated equivalent success in intraocular pressure control both with
and without antimetabolites.

19. What is the problem with sclerostomy at 12 o’clock?

Bleeding from perforating branch of an anterior ciliary vessel that passes
through the sclera to enter the cilliary body 2—4 mm from the limbus.
20. What are the preferred sites of sclerostomy for limbus and fornix
based flap?

Limbus based—superotemporal quadrant as conjunctival incision can be
made farther back in the fornix.
Fornix based—superonasal quadrant is adequate.

21.What is the purpose of a corneal incision?
Provides an entry for fluid into the AC at any stage of the operation.

22. What needles can one use for the corneal incision?

A dull needle. Because the top of a sharp needle will get caught in the
corneal stroma.

23. What is the disadvantage of bridle suture under the superior
rectus tendon?

Subconjunctival hemorrhage may occur.

24. What are the reasons for doing an iridectomy with trabeculectomy?

i. To prevent iris incarceration in the sclerostomy with blockage of
aqueous outflow if it shallows postoperatively.

ii. To prevent pupillary block if posterior synechiae or a pupillary
membrane develops secondary to postoperative intraocular
inflammation.

25. What should be the size of iridectomy?

It should be basal and wider than the opening in the anterior chamber so
that iris tissue does not block the opening.

26. When should the sclera flap be sutured more tightly?

i. Eyes with primary angle closure glaucoma and those with a history
of malignant glaucoma
ii. Aphakic/highly myopic eyes prone to choroidal hemorrhage
iii. Nanophthalmic eye and eyes with elevated episcleral venous pressure
prone to suprachoroidal infusion and flat anterior chamber.

27. Why should a tenonectomy be done?

i. Improves visibility of the nylon sutures in the postoperative period.
ii. Partially determines the effectiveness of suture lysis, which determines
the final postoperative pressure.
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28. What should be used to reform the AC?

Usually done with balanced salt solution

Healon (sodium hyaluronate) can maintain anterior chamber depth, prevent
choroidal effusion or suprachoroidal hemorrhage, decrease the rate of
postoperative hyphaema, and delay scarring of the bleb. However, I0OP
may be higher in the early postoperative period.

29. Why is hemostasis essential in trabeculectomy surgery?

Because blood in the anterior chamber under the conjunctival flap can
produce scarring of the bleb and cause failure of filtration.

30. How can it be prevented?

i. The internal sclerostomy is made as far anteriorly as possible
ii. Ensure effective hemostasis by proper cautery during the operation,
over cautery should not be done as scleral flap will be thin.

31. What should be the postoperative evaluation of the eye?

i. Extent of height of the bleb
ii. Presence/absence of microcysts
iii. Presence/absence of aqueous leak
iv. Visibility of sclera flap sutures through overlaying conjunctival flap
v. |IOP
vi. Clarity of cornea

vii. AC depth
viii. AC inflammation
ix. Hyphema

x. Choroidal detachment/suprachoroidal hemorrhage
xi. Optic disk and macular appearance.

32. What is the role of atropine 1% scopolamine 0.25% postoperative?

By paralyzing the ciliary muscles they:
i. Tighten the zonular lens — iris diaphragm — maximally deepening the
anterior chamber
ii. Maintain blood aqueous barrier
iii. Relief from ciliary spasm
iv. Dilate the pupil
v. Prevent the formation of posterior synechiae.

33. What are the factors contributing to poor prognosis in filtering surgery?

i. Age < 40 years of age
ii. Previous failed filter
iii. Aphakia/pseudophakia
iv. Neovascular glaucoma
v. Active uveitis
vi. Congenital glaucoma
vii. Congenital disease, e.g. Steven-Johnson, ocular pemphigoid.
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viii. Previous penetrating keratoplasty

ix. Previous scleral buckle for retinal reattachment

X. Previous topical medications

xi. Chronic conjunctival inflammation

xii. Previous conjunctival surgery.

34. What is the most common problem after trabeculectomy?
Shallowing of the AC postoperatively.

35. What are the main causes of a shallow AC for trabeculectomy?

Shallow AC can be associated with:

i. Hypotony:
a. Wound leak
b. Excessive filtration
c. Serous choroidal detachment

ii. Raised IOP:
a. Malignant glaucoma
b. Incomplete peripheral iridectomy with pupillary block
c. Delayed suprachoroidal hemorrhage.

36. What are the characteristics and treatment of wound leak?

Characteristics:
i. Soft eye
ii. Poor bleb
iii. Positive Seidel's test

Treatment:

i. Immediate pressure dressing

ii. Simmons scleral shell tamponade

ii. Therapeutic soft contact lenses

v. Cyanoacrylate tissue adhesive covered with collagen shield.

If the defect is large, suturing of the defect, construction of new conjunctival
flap created posterior to original flap or a conjunctival autograft can be
considered.

37. What are the characteristics and treatment of excessive filtration?

Characteristics:

i. Very low IOP

ii. A good bleb

ii. A negative Seidel’s test

v. Choroidal detachment may be present

Treatment:

i. First step is firm patching

ii. Simmons scleral shell

ii. Therapeutic soft contact lenses

iv. Aqueous suppressants (to promote spontaneous healing by
temporarily reducing aqueous flow through the fistula)
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v. Atropine (to prevent pupillary block)
vi. Steroids

Surgical: Reformation of the anterior chamber with air, sodium hyaluronate
or SF6 and drainage of choroidal detachment if they are very deep. Scleral
flap and conjunctiva are resutured.

38. What are the characteristic features, cause and treatment of ciliary
block glaucoma?

Features:
i. Hard eye
ii. No bleb
iii. Negative Seidel's test

Cause:
— Blockage of aqueous flow at the secreting portion of the ciliary body,
so that aqueous is forced backwards into the vitreous

Treatment:

i. Strong topical mydriatics

ii. If this fails, osmotic agents — IV mannitol

ii. If osmotic agent fails, the anterior hyaloid phase is disrupted through
a patent iridectomy with an Nd:YAG laser.

iv. Needling of aqueous pockets in vitreous

v. Removal of aqueous pockets from vitreous through sclerostomy and
formation of anterior chamber by air through paracentesis

vi. If laser therapy fails, an anterior vitrectomy via the pars plana should
be performed with a vitreous cutter and the entrapped fluid removed.

39. What are the complications of postoperative shallowing of the
AC?
i. Peripheral anterior synechiae
ii. Corneal endothelial damage
iii. Cataract.

40. What are the causes of failure of filtration?

A. Intraocular factors:
i. Obstruction of fistula by clot, iris, ciliary body, lens, vitreous
ii. Bleb failure
iii. Poor surgical techniques which prevent exit of aqueous from the
anterior chamber
B. Extraocular factors:
i. Subconjunctival fibrosis
ii. Individual racial and genetic factors.

41. What is the most common cause for bleb failure?
Subconjunctival fibrosis.
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42. What is the management of failure of filtration?

Two causes for failure of filtration:
i. Obstruction of fistula by iris/ciliary body/lens or vitreous
ii. Failing filtering bleb

If there is obstruction:
i. Low energy argon laser therapy can be done surrounding the obstruction
ii. Internal bleb revision

If failing bleb:
i. Increase the steroids to hourly dosing

ii. Digital pressure

iii. Argon laser suturolysin: 50 p spot size, 0.02-0.1 sec, 250-1000 mW
power.

iv. If fibrin or clot is obstructing, intracameral tissue plasminogen activator
(6—-12.5 pg)

v. Restart antiglaucoma medications

vi. Repeat filtering procedure with antimetabolites or drainage implants.

43. How can the success rate of trabeculectomy be improved?

1. Preoperative techniques:
i. Treat surface infections
ii. Discontinue use of pilocarpine, aqueous suppresants, carbonic
anhydrase inhibitor and aspirin.
2. Intraoperative techniques:
i. Constriction of pupil
ii. Prevent conjunctival button hole or scleral flap disinsertion
iii. Internal ostium should be 1.5 x 2 mm. Iridectomy should be larger
than this ostium to prevent blockage
iv. Tight wound closure.
3. Postoperative techniques:
By the use of antimetabolities which inhibit the wound healing.
Antimetabolites used are:
i. Corticosteroids
ii. 5-fluorouracil
iii. Mitomycin C
iv. Suramin
v. Beta radiation
vi. Tissue plasminogen activator
vii. Gamma interferon
viii. Calcium ionophores.

44, What are the complications of antimetabolites?
Complications are more with MMC than 5-FU.
Most important complications are:

i. Early or late hypotony

ii. Bleb leak
iii. Bleb related infection
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Others are:

Lids:
i. Punctal occlusion (more with 5-FU)
ii. Cicatricial ectropion

Conjunctiva:
i. Wound and suture track leaks
ii. Disintegration of vicryl sutures

Cornea:
i. Erosion
ii. Ulcer

Endothelial toxicity is common with mitomycin and epithelial toxicity is
common with 5-FU

i. Pupillary block

ii. Cataracts

iii. Hypotonous maculopathy

iv. Choroidal hemorrhage

v. Malignant glaucoma.

45. What are the advantages of argon laser suture lysis?

i. Scleral flap can be closed tightly intraoperatively
ii. Decreases hypotony

ii. Decreases choroidal separation

iv. Decreases suprachoroidal hemorrhage

v. Decreases the hospital stay.

46. What is the role of aqueous humor in wound modulation?

It decreases stimulation of fibroblasts as aqueous humor contains lots of
factors to inhibit active inflammation. The bleb is formed permanently
without fibrosis.

47. What is the role of postoperative digital pressure?
i. Encourages flow of fluid through the sclerostomy

ii. Expands the filtering bleb
iii. Prevents anatomic obstructions to filtration from becoming unalterable.

48. When should digital pressure be applied?

Rather than waiting for a bleb to fail, if the IOP rises above 12 mm Hg
or if the target pressure is not achieved, digital pressure should be applied.

49. What are the problems due to digital pressure?

i. Small subconjunctival hemorrhages
ii. Hyphema

ii. Rupture of a filtering wound

iv. Dehiscence of an incisional wound.
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50. What are the complications of trabeculectomy?

Intraoperative
Early postoperative
Late postoperative

l. Intraoperative

i
ii.
iii.
iv.
V.
Vi.
Vii.
viii.
iX.

Conjunctival buttonhole/perforation

Amputation of sclera flap

Flap related—Thick, thin, irregular and buttonholing
Hemorrhage

Damage of lens

Vitreous loss

Choroidal effusion

Cyclodialysis cleft

Malignant glaucoma

Il. Early postoperative
A. Hypotony and flat AC:

o8]

i. Conjunctival defect
ii. Excessive filtration
iii. Serous choroidal detachment

. Hypotony and formed AC:

i. Hypotony maculopathy

C. Raised IOP and flat AC:

O

i. Delayed suprachoroidal hemorrhage
ii. Malignant glaucoma
iii. Incomplete PI with pupillary block

. Raised IOP with deep AC:

i. Obstruction of fistula
ii. Failing bleb

E. Uveitis

F. Hyphema

G. Dellen

H. Loss of central vision

I. Ocular decompression retinopathy

lll. Late postoperative

i
ii.
iii.
iv.
V.
Vi.
Vii.
viii.
ix. Failure of filtration

Xi.

Bleb infection/endophthalmitis
Cataract

Dissection of filtering bleb into cornea
Leaking filtering bleb

Cyst of Tenon’s capsule

Hyphema

Pupillary membrane

Corneal edema

Malignant glaucoma
Upper eyelid retraction
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xii. Scleral staphyloma
xiii. Sympathetic ophthalmia.

51. What are the methods for repairing a conjunctival buttonhole?

i. Small pinpoint leaks can be sealed with cyanoacrylate glues or fibrin
glues
ii. Direct microsurgical repair.
iii. Wing suture technique
iv. Glaucoma (Simmond) shell technique
v. Purse string suture.

52. What care should be taken during trabeculectomy surgery in
aphakic/highly myopic eyes?
Such eyes are hypotonous and can develop intra/suprachoroidal hemorrhage.

53. How can a leaking filtering bleb be detected?

Many can be detected with 0.25% fluorescein; subtle leaks are seen with
2% fluorescein.

54. How is a leaking bleb managed?

i. If the leak is minimal, chamber is of good depth, bleb is pale and
elevated, then conservative treatment is done,

ii. Aqueous flow with blockers and carbonic anhydrase inhibitors

iii. Topical antibiotic — gentamicin which irritates the conjunctiva and
facilitates healing of the conjunctival defect

iv. Patching of the eye to lid movement

v. If associated with flat AC, glaucoma shells

vi. If not effective, then surgical repair is done.

55. What is the earliest evidence of a bleb infection?

Mild conjunctival hyperemia around the filtering bleb is the first sign. If
treatment is delayed, there is a risk of endophthalmitis.

56. What is the treatment of bleb infection?

i. Initial treatment is empirical
ii. Topical antibiotics frequently
iii. Topical steroids 12—-24 hours after starting antibiotics.

57. What are the common organisms involved in bleb related
endophthalmitis?

i. Haemophilus influenzae
ii. Staphyloccocus
iii. Streptococcus.

58. What is the treatment of Tenon’s cyst?

i. Usually resolve spontaneously within 2—4months
ii. However medical therapy may be needed to control IOP during this
time.
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59. How are corneal dellen formed and what is the treatment?

Localized disruption of the precorneal tear film — corneal dehydration
causes stromal thinning and dellen formation

i. Usually occur in the horizontal plane within the lid fissure.

ii. Treatment—Atrtifical tears and patching

If ineffective, steroid drops are decreased.

60. Why is trabeculectomy more successful in older patients?

i. Atrophic Tenon’s capsule
ii. Decreased capacity for fibroblastic proliferation.

61.What are the indicators for combined glaucoma and cataract
surgery?
May be considered in patients with visually significant cataracts and:

i. Inadequate control of IOP

ii. Medication intolerance/poor compliance

iii. Advanced glaucoma

iv. Eyes requiring epinephrine compound

v. Marginally functioning filter.

62. What are the advantages of combined cataract surgery?

i. Earlier visual rehabilitation owing to cataract extraction
ii. Reduces risk of early postoperative IOP spikes which is detrimental
in eyes with severely excavated ONH
iii. A one time single intervention eliminates need for further surgery
iv. Patient compliance is better.

63. What are the disadvantages of combined approach?
i. Long term IOP control seems questionable owing to loss of bleb
function from enhanced episcleral scarring.
ii. Increased incidence of postoperative complications hyphema, uveitis,
shallow chambers, hypotony.

64. What are the advantages of 2 stage procedure over combined
procedure?

More decrease in intraocular pressure (IOP) as plain trabeculectomy
decreases IOP by 41%.

Lesser risk of postoperative complication like hyphema, inflammation,
hypotony and shallow anterior chamber.

65. What are the antimetabolites used routinely?
MMC and 5-FU.

Dosage: MMC: 0.2 to 0.5 mg/ml for 1-5 min
5-FU: 30 mg/ml for 5 min, subconjunctival dose is 5 mg.
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66. What are the indications for adjuvant antimetabolite therapy?

High risk factors:
i. Neovascular glaucoma
ii. Previous failed trabeculectomy or artificial filtering devices
iii. Certain secondary glaucomas (e.g. inflammatory, post traumatic angle
recession, iridocorneal endothelial syndrome)

Intermediate risk factors:
i. Patients on topical antiglaucoma medications (sympathomimetics)
for 3 years
ii. Previous conjunctival surgery
iii. Previous cataract surgery

Low risk factors:
i. Black patients
ii. Patients under age of 40 years

67. Mechanism of action of 5-FU.

It inhibits DNA synthesis and is active on the ‘S’ phase of the cell cycle.
Fibroblastic proliferation is inhibited, but fibroblastic attachment and
migration are unaffected.

68. Mechanism of action of MMC.

It is an alkylating agent which selectively inhibits DNA replication, mitosis
and protein synthesis. The drug inhibits proliferation of fibroblasts,
suppresses vascular ingrowth and is much more potent than 5-FU.

69. Where are the antimetabolites placed?

They are placed in the sub-Tenon’s space, as the most common cause
for failure is subconjunctival fibrosis.

70. Why does previous long term use of medications is associated
with failure of trabeculectomy?

i. Increased fibroblastic proliferation in conjunctiva
ii. Reduced goblet cells
iii. Infiltration of conjunctiva with inflammatory cells.

71. What are the advantages of Releasable sutures and laser
suturolysis?

i. Can leave eye with firm pressure

ii. Can protect eye against low pressure and complications associated
with low pressure

iii. Can titrate eye pressure postoperatively.
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4.19. MODULATION OF WOUND HEALING IN

GLAUCOMA FILTERING SURGERY

1. What are the pharmacological techniques that interfere with wound
healing to maintain success of trabeculectomy?

i. The preoperative and postoperative administration of

glucocorticosteroids to control inflammation and thereby scarring

. The local intraoperative and postoperative administration of

antineoplastic agents such as mitomycin C and 5-fluorouracil to
reduce fibroblast proliferation

. The use of agents to interfere with the synthesis of normal collagen

such as B-aminopropionitrile and penicillamine.

2. What is the role of corticosteroids in glaucoma filtering surgeries?

They control inflammation and immune response at multiple points.
Anti-inflammatory mechanisms of corticosteroids include constriction
of blood vessels, stabilization of lysosomes, inhibition of degranulation,
impairment of leucocyte chemotaxis, reduction of lymphocyte
proliferation, suppression of fibroplasia, inhibition of phospholipase
A2 production, which subsequently prevents cyclooxygenase and
lipoxygenase from producing prostaglandins, prostacyclins,
thromboxanes and leukotrienes.

3. What is the role of NSAIDs in glaucoma filtering surgeries?

NSAIDS are heterogeneous group of agents that inhibit the enzyme
cyclooxygenase from converting arachidonic acid into prostaglandins
and thromboxanes.

. They have been demonstrated to inhibit proliferation of human Tenon

fibroblasts in culture.

4. What is the role of mitomycin C in glaucoma filtering surgeries?

Mitomycin C is an alkylating agent isolated from the fermentation
filtrate of Streptomyces caespitosus.

It inhibits DNA dependent RNA synthesis and binds to cellular DNA
sites on cell membranes, forming free radicals and chelating metal
ions.

Like 5-FU, mitomycin inhibits fibroblast proliferation, but unlike 5-FU,
it affects cells in all phases.

5. Describe the methods of administration of mitomycin C.
i. After outlining and partially dissecting the scleral flap to ensure

integrity of the scleral tissues, the conjunctiva is inspected to rule
out the presence of any tears or button holes.

. An amputated tip of 4.5 mm x 4.5 mm sized methylcellulose sponge

soaked in a 0.2 to 0.5 mg/ml solution of MMC is then placed between
the conjunctiva/Tenon’s capsule and episclera for 1 to 5 minutes.
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During this time, the edges of the conjunctival flap are pulled over
the sponge so that the tissue edges are not exposed to the drug.

. The area is then rinsed with copious amounts of balanced salt solution.

A relatively tight scleral flap is prudent to reduce the likelihood of
prolonged postoperative hypotony.

6. What are the side effects of MMC?
Irritation

\

Lacrimation
Hyperemia
Photophobia
Ocular pain

Eyelids and conjunctiva

i
ii.
iii.
iv.
V.
Vi.
Vii.
viii.

Allergic or irritative reactions
Erythema

Conjunctivitis

Avascularity

Hyperemia

Blepharitis

Granuloma

Symblepharon

Cornea

i

ii.
iii.
iv.
V.

Corneal melting

Edema

Erosion

Crystalline epithelial deposits
Endothelial decompensation

vi. Punctate keratitis
vii. Delayed wound healing
viii. Perforation
ix. Recurrence of herpes simplex
Sclera
i. Scleral melting (necrotizing scleritis)
ii. Delayed wound healing
iii. Avascularity
iv. Erosion
v. Perforation
vi. Calcium deposits
Uvea
i. Iridocyclitis
ii. Hyperemia
iii. Hypopigmentation of iris
Glaucoma

Punctal occlusion
Hypotony
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7. What is the role of 5-fluorouracil in glaucoma filtering surgeries?

i. 5-fluorouracil is a pyrimidine analogue

ii. It is a folic acid antagonist.

ii. It is active on the ‘S’ phase (synthesis phase) of the cell cycle

iv. Mechanism of action is to prevent the reduction of folic acid to
tetrahydrofolic acid by noncompetitive enzyme inhibition. This results
in inhibition of DNA and RNA synthesis and eventual cell death.

v. Inhibition of fibroblast proliferation has been regarded as the primary
mechanism by which 5-FU enhances and maintains bleb function.

8. Describe the methods of administration of 5-FU.

It can be given as subconjunctival injections or as an intraoperative
application.

1. Subconjunctival injection of 5-FU

i. Subconjunctival injection of 5-FU may be administered in an undiluted
concentration (50 mg/ml), although many prefer to dilute it to
10 mg/ml.

2. Dilution

i. Five milligram of the agent is drawn into a tuberculin syringe, after
which the tuberculin needle is replaced with a 0.5 inch 30 gauge
needle.

ii. After administration of a topical anesthetic, at least 2 cotton-tipped
applicators soaked in 4% topical lidocaine are used to swab and
further anesthetize the tissues at the proposed injection site.

iii. The injection is then given 90° to 180° from the trabeculectomy site.

3. Dosage
i. Twice daily for 1 week and once daily for the second week for a total
of 21 injections (105 mg).

9. What are the side effects of subconjunctival or intradermal 5-FU?

Irritation
i. Lacrimation
ii. Ocular pain
iii. Edema
v. Burning sensation

Eyelids or conjunctiva

i. Cicatricial ectropion

ii. Allergic reactions

iii. Erythema

iv. Hyperpigmentation

v. Keratinization

vi. Utricaria

vii. Subconjunctival hemorrhages
viii. Periorbital edema
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Cornea
i. Superficial punctate keratitis
ii. Ulceration
iii. Scarring stromal
iv. Keratinized plaques
v. Delayed wound healing
vi. Endothelial damage.

10. How to choose an agent: 5-FU versus MMC?

i. Currently intraoperative 5-FU with supplementary postoperative 5%
FU injections are used in most primary filtering surgeries.

ii. 5% FU is also used in selected higher risk case, particularly those
with MMC complications in a previous surgery or those at risk for
hypotonous maculopathy.

iii. MMC is used in most high risk cases including aphakic or pseudophakic
eyes, eyes with previous filtration failure surgery, eyes with a history
of anterior segment neovascularization, and eyes with uveitis.

iv. MMC is also used in selected cases of primary filtering surgery
(e.g. when trabeculectomy with 5-FU has failed in the fellow eye).

11. What is the latest advancement in glaucoma filtering surgery?

Photodynamic therapy with diffuse blue light coupled with a photosensitizing
agent to kill fibroblasts may be another way to control the surface area of
treatment and modulate healing. It will be important to determine the effect
of these agents on the overlying epithelium, because differentiated stable
epithelium may have a suppressive effect on fibroblasts in the wound.

12. What are the indications for antimetabolites in glaucoma filtering
surgery?
1. Patient factors:
a. Young patients
b. Previous failed trabeculectomy
c. Previous conjunctival surgery (e.g. pterygium surgery)
2. Ocular factors:
a. Secondary glaucomas (neovascular, uveitic, traumatic and
pseudophakic glaucoma
b. Congenital/pediatric glaucoma

13. What are the measures to be taken to prevent antimetabolite
toxicity?
i. Thorough irrigation after the prescribed time of applications
ii. Water tight wound closure
iii. Careful dissection to prevent button hole formation.
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4.20. GLAUCOMA DRAINAGE
DEVICES (GDD)

1. Define glaucoma drainage devices (aqueous shunt devices).

Consists of an alloplastic tube leading to a large equatorial reservoir that
drains aqueous humor from the anterior chamber.

2. Define setons.

Nonlumened devices in which aqueous flows along the surface of the
implant through the subconjunctival space.

3. Define shunts.

Hollow tubular structure that allows bidirectional flow.

4. Define valves.
Allows unidirectional flow which needs an activating pressure to open it.

5. What are the common features of all GDDs?

i. Manufacturing drainage tube and explant portions of the devices
from materials to which fibroblasts cannot firmly adhere.
ii. Equatorial placement of explant portion of the device.
iii. Similar diameter of all drainage tubes.
iv. Ridge along edge of the explant plate where drainage tube inserts

ensures.
Physical separation of Directs the flow
enveloping capsule from onto explant’s
positerior tube orifice upper surface

Preventing occlusion.
6. What is the principle of GDD?

Explant portion of device stimulates a fibrous enveloping capsule, which
becomes the delimiting wall of the resulting filtering bleb.

v v

Aqueous drains out of eye through drainage tube into space between
plate surface and surrounding capsule

v v

Passive diffusion into periocular tissues

v v

Uptake by lymphatics and venous capillaries.
7. What are the factors which decide hydraulic conductivity of GDD?

Drainage capacity of bleb is directly proportional to surface area of capsule
around explants. Resistance of capsule to flow is directly proportional to
its thickness.
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8. What are the indications of GDD?
A. All refractory glaucomas like:

i
ii.
iii.
iv.
V.
vi.
Vii.
viii.
iX.

Uveitic glaucoma

Neovascular glaucoma
Congenital glaucoma
Refractory juvenile glaucoma
Multiple failed trabeculectomy
Extensive conjunctival scarring

Post PKP
Aniridia

Posttraumatic glaucoma

B. Failed primary glaucomas

Aqueous shunts

l

!

!

. Translimbal aqueous

drainage from anterior
chamber to anterior
subconjunctival space.
For example, standard
Krupin-Denver valve

2. Translimbal aqueous
drainage from anterior
chamber into a posterior
sub-Tenon's reservoir

3. Aqueous drainage

from anterior
chamber into
suprachoroidal space
through cyclodialysis
cleft or vitreous
cautery through

pars plana.

For example, modified
schocket implant.

|

| |

Demerit — Increased
failure due to
subconjunctival fibrosis

Valued or || Non-valued
flow [Molteno
restricted Baerveldt]
[Ahmed
valve long
Krupin valve]

Advantages

a. Protection of posterior exit of tube
b. Increased surface area

Advantages

. No limbal dissection
. Less exposure of

tube
Demerits

. More incidence of

hyphema, chronic
inflammation and
shunt-corneal touch

. Difficult technique

Greater drainage
c. Distension of sub-Tenon's space

Large unilocular bleb

d. Less implant erosion due to Tenon’s capsule
e. Differences in fluid permeability between posterior
and anterior conjunction and Tenon’s capsule

More efficient aqueous flow through posterior located tissue

¥
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9. Describe Molteno implant.

i. First implant with a nonvalved device
ii. Material—polypropylene
iii. Consists of a circular plate with a drainage tube
iv. Outer diameter of drainage tube—0.63 mm
v. Inner diameter of drainage tube—0.3 mm
vi. Types—Single plate, double plate and triple plate.

10. Describe Baerveldt implant.

i. Nonvalved
ii. Material—silicone

=== External diameter — 0.64 mm
Drainage tube

= Internal diameter — 0.3 mm
Types: Single plate, double plate
11. Advantages of Baerveldt GDD.

» Ease of implantation

« Larger surface area
l Compared to molteno implant

Greater drainage

« Flexible silicone composition facilitates confirmation to globe

* Presence of fenestration hole in explant

A 4
Allows fibrous tissue ingrowth

v
Helps to reduce bleb height

v
Less risk of postoperative diplopia

12. What is the mechanism of action of Ahmed glaucoma valve?

i. Oval shaped polypropylene plate 184 mm? (double plate — 364 mm?)
surface area is connected to a silicone drainage tube via 2 layers of
silicone elastomer membrane that functions as a one way valve by
venturi effect (Bernoulli’s principle)

ii. Goal of keeping IOP between 8-10 mm Hg

iii. Venturi design (Bernoulli’s principle)

The tension on the silicone membranes is designed to only allow outflow
when the IOP is above 8-10 mm Hg. When the initial pressure in the
anterior chamber is high, the valve fully opens. As the pressure is reduced,
the membrane opening automatically reduces in size, diminishing the flow.
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13. Describe the optimed glaucoma pressure regulator.

Silicone tube attached to a polymethyl methacrylate matrix of conductive
resistors that regulate the flow of aqueous through capillary action.

14. Preoperative evaluation in a case of glaucoma drainage devices.

i. Potential for useful vision is a must
ii. Preoperative IOP
ii. Upper lid position
iv. Scleral exposure
v. Tear film stability
vi. Blepharitis (risk of late postoperative infection)
vii. Corneal clarity— especially peripheral cornea
For intraoperative
Confirmation of tube location
viii. Eyes with PCIOL
— Shallow AC
— Post PKP eyes
— Endothelial cell function

All the above-mentionedrisk factors are the indications for
glaucoma drainage device with pars plana tube insertion into
vitreous cavity

ix. Presence of vitreous strands in anterior chamber — may occlude the
tube tip.

x. Cataract—for concurrent cataract surgery and glaucoma drainage
device

Xi. Gonioscopy
Assess PAS — areas to be avoided for tube insertion (peripheral
anterior synechiae)
Neovascularisation of angle
Preoperative treat to halt the

New growth by

Panretinal photocoagulation Goniophotocoagulation

15. What are the drugs to be stopped preoperatively?

i. Pilocarpine or echothiophate
(To reduce postoperative inflammation)
Continue all other glaucoma drugs till surgery
ii. Warfarin.
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16. Types of surgical techniques for GDD implantation.

i. Limbal based conjunctival flap Fornix based conjunctival flap
Two layer closure securing Iftissue coverage overthe device
Tenon’s capsule and conjunctiva is adequate
with separate running layers of 2
absorbable sutures Suturing only at lateral corners

of flap

ii. One stage installation
i. One stage complete surgical installation with immediate function,
done with devices that have flow restrictors or valves
iii. Two stage installation
i. Temporary ligature of tube on nonvalved devise for 2-3 weeks
ii. Time for development of capsule and acceptable resistance to outflow.

17. What are the types of temporary ligature sutures?

i. Rip cord—intraluminal occluding sutures left beneath the conjunctiva
for pulling (4-0 chromic catgut)

ii. Absorbable 8-0 polyglactin or 10-0 prolene tied around the tube
(Released by argon laser suturolysis)

iii. 5-0 nylon tied to side of tube and to an adjacent occluding structure
like a spacer which is removed after 2—3 weeks.

18. What is the cause of hypotony in both single and double stage
techniques?

Due to leakage around the surface of the tube, where it penetrates the eye
wall.

19. What is the difference between glaucoma drainage device bleb
and trabeculectomy bleb?

Features of GDD bleb:
i. More posterior filtering bleb
ii. More consistently organized surrounding capsule which is distinct
and separable from overlying Tenon’s capsule
iii. Absence of conjunctival microcysts as seen in trabeculectomy.

20. What is the preferred positioning of GDD?

i. Superotemporal quadrant
ii. Centered at the equator and equally spaced between adjacent rectus
muscles
iii. Anffrior edge of explant
8-10 mm posterior to corneoscleral junction
iv. Explant plates are sutured to episclera

\

Complication encountered

Perforation of sclera.
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21. How to manage/identify perforation of sclera?

i. Identification — Gush of vitreous gel is seen
ii. Management — Apply cryotherapy to the area
Under direct observation by indirect ophthalmoscope.

22. When do you suture the explant to the avascular insertion of
superior rectus (instead of episclera)?
i. Staphyloma
ii. Quiescent scleritis.
23. What are the complications in superonasal placement of GDD?
i. Vertical strabismus—Pseudo-Brown’s syndrome
ii. Impact on optic nerve.
24. What are the instances where the GDD can migrate?
a. Inadequate suturing

\

Posterior migration of explant

Extrusion of tube from anterior chamber
b. Postoperative hypotony
l

Drainage tube migrates anteriorly and impacts on cornea, lens or iris.

25. Where do you place the 2nd plate in an explant with 2 plates?

The second plate and its interconnecting tube placed either above or
below superior rectus muscle and attached by suturing in a similar manner
to the first plate.

26. How to install the drainage tube?

Anterior chamber installation Pars plana installation
e Tube shortened to the e [ndications
appropriate length with a a.Aphakia & PCIOL eyes
sharp level to facilitate b.Post PKP eyes
passage through a 23 gauge c. Eyes with shallow anterior chamber
needle tract d.Decreased endothelial cell
Tip — Beveled up surface function
e Site of insertion e Tip — Beveled down

Posterior edge of blue limbus Needle tract oriented

e Preparation of site of insertion perpendicularly to scleral surface,
3—-4 mm posterior to limbus
! e Verify tube tip by direct visualization
that it is free of vitreous
Use wet field cautery e Precautions —
e 1.5 — 2 mm of tube should 1. Complete pars plana vitrectomy
extend through the endothelium
parallel to the plane of iris 2. Clearance of vitreous base in

(prevents migration) the quadrant of tube insertion
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27. What are the advantages of installation of drainage tube through
21 or 23 gauge needle tract compared to the traditional sclerectomy?

i. Ensures tight fit
ii. Prevents aqueous leak around the tube.
28. What are the advantages of scleral patch graft?

a. Covering the portion of tube exposed to lid contact (usually 3—-5 mm of
tube)

Prevents

a. Erosion of tube b. Hypotony c. Tube — corneal  d. Perforation of
through sclera touch sclera

29. How is the technique of scleral patch graft performed?
Full thickness scleral patch graft taken according to the size required.

Nonoccluding mattress suture is usually placed over the tube near its
insertion.

30. What is the complication of scleral patch graft?
i. Abrupt elevation of limbal conjunctiva

l
Corneal Dellen formation
ii. Scleral melt

31. What is the role of intracameral hyaluronic acid (Healon)?

Reforming the anterior chamber with intracameral hyaluronic acid at the
end of the procedure through a paracentesis entry helps in:
i. Decreasing postoperative hypotony and flat anterior chamber
ii. Intraoperative evaluation of tube position
iii. Slows the process of aqueous drainage in the immediate postoperative
period.

32. Compare valved and nonvalved GDD.

i. Advantage of valved — Simple one step procedure
ii. Advantages regarding clinical safety and efficacy not clear over a
short term/long term follow-up appear to be equal.

33. What is the principle behind sizing of nonvalved devices?

i. Larger devices — Younger, healthier eyes
ii. Smaller devices — Older, sicker eyes.
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34. How do you implant a modified schocket device?
Bent 18 gauge needle is inserted into a sharp buckle capsule incision

l
Segment of side perforated tubing fed into needle bore of 18 gauge needle
and pulled into buckle capsule. (Segmented of side perforated tubing later
becomes intracapsular portion)
\2
A tube segment placed between buckle capsule and anterior chamber
l
Tight closure of buckle capsule incision

\J

Anchoring suture of 10° prolene is placed to prevent tube from slipping.

35. What is the level of IOP reduction as compared to trabeculectomy?

Percentage of IOP reduction achieved in GDD is less compared to
trabeculectomy.

36. What are the contraindicated postoperative medications?
Increases vascularization of bleb capsule

i. Miotics

ii. Alpha agonists
37. Complications of aqueous shunt surgery.

Intraoperative
i. Hyphema: Injury to iris root with tube insertion
ii. Lens damage: Improper tube length or direction
iii. Lens or corneal endothelial damage: Needle tip trauma
iv. Scleral perforation and retinal tear; needle injury while suturing plate
to globe
v. Hypotony: Sclerotomy site too wide for tube, incomplete tube occlusion

Early postoperative
i. Intraocular pressure elevation before occluding suture absorbs: Risk
for nerves with advanced damage
ii. Dellen: Elevated conjunctiva over patch graft causing poor tear
lubrication
iii. Hypotony: Excessive aqueous run off with flat anterior chamber and
choroidal effusion
iv. Intraocular inflammation: Marked in eyes with chronic uveitis
v. Suprachoroidal hemorrhage: Postoperative hypotony and high
preoperative IOP
vi. Transient diplopia: Edema within the orbit and rectus muscles
vii. Endophthalmitis: Direct intraoperative contamination
viii. Aqueous misdirection: Initial postoperative hypotony and choroidal
swelling
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Late postoperative

viii.

Xi.
Xii.
Xiii.

Cataract progression: With or without direct mechanical injury,
prolonged hypotony

ii. Chorioretinal folds: Prolonged hypotony

iii. Chronic iritis: History of uveitis or neovascularization

. Corneal edema and graft failure; with or without cornea touch
. Persistent elevated IOP after tube open; thick fibrous capsule
i. Hypotony maculopathy: Excessive aqueous fluid runoff

vii.

Inadequate IOP control with properly functioning Baerveldt glaucoma
drainage device: Hypertensive phase

Motility disturbance, strabismus, diplopia: Bleb displacement of globe,
muscle fibrosis

. Patch graft melting: Tube or plate erosion associated with poor lid

closure, dry eye

Retinal detachment: Scleral perforation, underlying disease such as
diabetic retinopathy

Tube occlusion; blood, fibrin, iris or vitreous

Tube migration: Poor fixation of plate to sclera

Endophthalmitis: Associated with tube exposure.

38. How do you manage erosion of tube?

a. Elongates the tube

Place stents

—p b. Protects laceration of tube

Stent material — Storz silastic tube

39. What are the phases of GDD surgery postoperatively?

Hypertensive phase Hypotensive phase
Transient T IOP
in immediate postoperative
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4.21. CYCLODESTRUCTIVE PROCEDURES

1. Classify cyclodestructive procedures.

Based on the destructive energy source
i. Diathermy
ii. B-irradiation
iii. Electrolysis
iv. Cryotherapy
v. Laser photocoagulation
vi. Therapeutic ultrasound
vii. Microwave cyclodestruction

Based on the route by which the energy reaches the ciliary process
i. Transscleral
ii. Transpupillary
iii. Intraocular

2. Describe the technique of penetrating cyclodiathermy.

Penetration of sclera (with or without preparation of conjunctival flap)
Site: 2.5 mm to 5 m from corneolimbal junction
1-1.5 mm electrode is used
Current — 40-45 mA
Duration — 10-20 second
One or two rows of lesions placed several mm apart for approximately 180°.

3. What is the mechanism of action in cyclodiathermy?

i. Cell death within the ciliary body
ii. More posteriorly placed lesions create a draining fistula in the area
of pars plana.

4. What are the demerits of diathermy?

i. Low success rate
ii. Hypotony
iii. Phthisical eye.

5. What is the newer diathermy?
One pole diathermy unit.

6. Describe the mechanism of action of cyclocryotherapy.

Ability of ciliary process to produce aqueous humor is destroyed by two
mechanisms

i. Intracellular ice crystal formation

ii. Ischemic necrosis
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7. What is the additional effect of cyclocryotherapy other than | IOP?

It also causes destruction of corneal nerves and thus causes relief of
pain.

8. Describe the technique of cyclocryotherapy.

Instruments
i. Nitrous oxide or carbon dioxide gas cryosurgical units
ii. Cryoprobe tips ranging from 1.5 to 4 mm. Commonly 2.5 mm is
suggested for cyclocryotherapy.

Cryoprobe placement
i. Placement of the anterior edge of probe, firmly on the sclera, 1 mm
from corneolimbal junction temporally, inferiorly and nasally and

1 mm superiorly.

Number of cryoapplications

i. 2-3 quadrants — 3—4 applications per quadrant
ii. Rule of thumb — Treat less than 180° or 6 applications in each
treatment session.

Freezing technique
i. Temperature—60-80°C
ii. Duration—60 seconds

Postoperative management

i. Systemic analgesics

ii. Topical corticosteroids—frequently

ii. Cycloplegics

iv. Preoperative glaucoma medications except miotics.

9. Whatisthe minimumtimeinterval between repeated cyclotherapy?
1 month.

10. What is the additional measure taken for proper cryoprobe
placement over ciliary process in cases of distorted anatomic land
marks, e.g. buphthalmos?

Transillumination (for delineating the pars plicata).

11. List the complications of cyclocryotherapy.

i. Transient rise of IOP
ii. Uveitis
iii. Pain
iv. Hyphema
v. Hypotony and sometimes phthisis—Best avoided by treating a limited
area each time
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vi. Choroidal detachment

vii. Intravitreal neovascularization causing vitreous hemorrhage.
viii. Anterior segment ischemia

ix. Lens subluxation

x. Sympathetic ophthalmia

12.List the indications for cyclocryotherapy/transscleral photo-
coagulation.

i. Relief for refractory ocular pain secondary to TIOP in blind eyes
ii. Repeated failure of other glaucoma surgeries
iii. Glaucoma following PKP
iv. Chronic open-angle glaucoma in aphakia
v. Congenital glaucoma
vi. High risk cases in which medical and other glaucoma surgical
procedures have failed or not felt to be feasible
vii. Patient who requires urgent IOP reduction but who is too sick to
undergo incisional surgery.

13. Describe the mechanism of action of transscleral cyclophotocoa-
gulation.

i. Reduced aqueous production: Due to damage of pars plicata due
to direct destruction of ciliary epithelium and reduced vascular
perfusion.

i. Increased aqueous outflow: Due to increased pars plana or
transscleral outflow.

14.What are the types of lasers used in transcleral cyclophoto-
coagulation?

i. Nd:YAG lasers (yttrium-aluminum-garnet): 1064 nm
ii. Semiconductor diode lasers: 750-810 nm
iii. Krypton lasers

15.What is the advantage of diode laser over Nd:YAG laser in
cyclophotocoagulation?

i. The energy needed to produce comparable lesions is less with the
diode laser than that required with the Nd:YAG laser.

ii. Primarily because of the smaller size and greater durability of diode
lasers, transscleral diode cyclophotocoagulation is currently most
commonly performed cyclodestructive procedure.

iii. Transcleral diode cyclophotocoagulation has the advantage of being
quick and easy to perform.

16. What are the advantages of semi-conductor diode lasers?
i. Greater absorption by uveal melanin
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ii. Solid state construction with compact size (portable)
iii. Low maintenance requirements

17. What are the types of cryoprobes?

Diameter Indications

1 mm — ICCE

2 mm — Retinal cryotherapy
2.5-4 mm — Cyclocryotherapy

> 4 mm — Hammerhead probe —

Treatment of malignant melanoma

18.Describe the preoperative preparation of the patient in laser
cycloablation.

i. Retrobulbar anesthesia usually preferred over peribulbar
ii. Contralateral eye patched to prevent entry of stray laser light

19. What is the role of contact lens in Nd:YAG noncontact thermal
mode?

i. Maintains lid separation

ii. Compress and blanch the conjunctiva. Allows more energy to reach
ciliary body

iii. Provide measurement from the limbus. (applying laser 0.5-1.5 mm
behind limbus is optimum)

iv. Reduces laser back scatter at the air-tissue interface

v. Higher incidence of phthisis is observed when laser is applied with
contact lens.

20. What is the protocol commonly followed for noncontact transscleral
cyclophotocoagulation (Nd:YAG)?

i. 30—40 evenly spaced lesions for 360°.

ii. Approximately 8 applications per quadrant.

iii. Spare the 3 and 9 o’clock positions from laser applications due to
long posterior ciliary vessels underneath.

21. What is the minimum time interval before retreatment in transcleral
laser cyclophotocoagulation?

i. 1 month

ii. 2/3rd of cases do not require retreatments.
22.In which condition is a contact Nd:YAG transscleral cyclophoto-
coagulation indicated over a noncontact laser.

i. Pediatric patients with refractory glaucoma.

23. Describe complication of transscleral cyclophotocoagulation?
i. Conjunctival hyperemia
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ii. Uveitis

iii. Malignant glaucoma

iv. Sympathetic ophthalmia
v. Ocular hypotony

24.What are the measures taken to prevent full thickness
sclerostomies?

i. Use of well rounded, polished tips.

ii. Prior to treatment inspect the probes to make sure they are free of
mucus and other debris.

iii. Constantly keep the eyeball moist

25. What are the factors that influence the variability of tissue response
in contact delivery systems?

i. Probe pressure
ii. Probe diameter
iii. Time of probe contact

26. What is the prerequisite for transpupillary cyclophotocoagulation?

i. A sufficient number of ciliary processes (at least a quarter) must be
visualized gonioscopically.

27.Describe the technique of transpupillary cyclophotocoagulation?

i. Argon laser

ii. Spot size — 100-200 u

iii. Duration — 0.1-0.2 sec

iv. Energy level — 7001000 mW

v. Desired effect — Produce a white discoloration as well as a brown

concave burn with pigment dispersion or gas bubbles

vi. All the visible portions of ciliary processes are treated

vii. 3-5 applications for each process
viii. All visible processes treated upto a total of 180°.

28.What are the factors that decide the outcome of transpupillary
cyclophotocoagulation?
i. Number of ciliary processes that can be visualized and treated
ii. Intensity of laser burns to each process
iii. Angle at which ciliary processes are visualised gonioscopically.
29. What are different types of intraocular photocoagulation?
i. With transpupillary visualization
ii. With endoscopic visualization (argon or diode laser)
30. Describe the technique of therapeutic ultrasound?

i. Immersion applicator or contact ultrasound (contains a distensible
rubber membrane that can be inflated)
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ii. 67 exposures of ultrasound delivered at an intensity level of 10 kW/
cm? for 5 seconds each to scleral sites near the limbus.
31. What is transcleral microwave cyclodestruction?

Direct application of high frequency electromagnetic radiation over
conjunctiva causes heat induced damage to the ciliary body and causes
a decreased production of aqueous humor.

32. Describe the mechanism of action by which an ultrasound works
in L IOP.

Focused transscleral ultrasound radiation

!
\ l
Destruction of ciliary epithelium 1. Selectivethinning of scleral collagen
l 2. Separation of ciliary body from
1 Aqueous inflow sclera

l

T Aqueous outflow



5 Lens and Cataract

CHAPTER

1. What is the size of the adult human lens?

It measures 9 mm equatorially and 5 mm anteroposteriorly. It weighs
approximately 255 mg.

2. What are the changes in the eye during accommodation?

i. Contraction of the ciliary muscle

ii. Decrease in ciliary ring diameter

iii. Decrease in zonular tension

iv. More spherical shape of the lens

v. Decrease in lens equatorial diameter

vi. Increased axial lens thickness

vii. Steepening of the central anterior lens curvature
viii. Increased lens dioptric power.

3. What is the level of amplitude of accommodation?

i. Adolescents have 12—16D of accommodation
ii. Adults at 40 have 4-8D
iii. After 50, accommodation reduces to 2D.

4. What is lenticonus?

i. Itis a congenital, localized cone shape deformation of the anterior
or posterior lens surface.
ii. Anterior lenticonus is uncommon, bilateral and associated with Alport’s
syndrome.
iii. Posterior lenticonus is more common, unilateral and axial.

5. What are the types of lens coloboma?

i. Primary coloboma: Isolated wedge shaped defect or indentation
ii. Secondary coloboma: Defect or indentation of the lens periphery
caused by the lack of ciliary body or zonular development.

6. What is Mittendorf’s dot?

It is a remnant of the posterior pupillary membrane of the tunica vasculosa
lentis and is located inferonasal to the posterior pole of the lens.
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7. What are the common causes of microspherophakia?

i. Weil-Marchesani syndrome
ii. Marfan’s syndrome

iii. Peter's anomaly

iv. Alport’'s syndrome

v. Lowe syndrome

8. What are the common causes of cataracts in children?

A. Bilateral cataracts:
i. ldiopathic
ii. Hereditary cataracts
iii. Maternal infections like rubella, CMV, varicella and syphilis
iv. Ocular anomalies like aniridia and anterior segment dysgenesis
syndrome
B. Unilateral cataracts:
i. ldiopathic
ii. Trauma
iii. Persistent fetal vasculature
iv. Posterior pole tumors.

9. What are the conditions which can cause poorer visual result
following cataract surgery in children?

i. Unilateral cataracts carry a poorer prognosis than bilateral cataracts

ii. Patients with nystagmus

ii. If adequate visual rehabilitation or treatment of amblyopia is not
carried out.

10. What are the causes of ectopia lentis?

i. Marfan’s syndrome

ii. Homocystinuria

iii. Aniridia

iv. Congenital glaucoma

v. Trauma

vi. Ehlers-Danlos syndrome
vii. Sulfite oxidase deficiency
viii. Hyperlysinemia

ix. Ectopia lentis at papillae

11. What are the features of Marfan’s syndrome?
Systemic:

i. Arachnodactyly

ii. Long arm span

iii. Chest deformities

iv. Mitral valve prolapse

v. Dilated aortic root

vi. High arched palate
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Ocular:
i. Axial myopia
ii. Hypoplasia of dilator pupillae (difficulty in dilatation)
iii. Superotemporal subluxation of lens
iv. Pupillary block glaucoma
v. Retinal detachment.

12.How is the lens status in various syndromes?

i. Marfan’s syndrome: Superotemporal subluxation with the presence
of zonules
ii. Homocystinuria: Iblens subluxation inferiorly with absent zonules
iii. Weil-Marchesani: Iblens subluxation inferiorly along with micro-
spherophakia.

13. What are the drugs which can cause cataracts?

i. Corticosteroids

ii. Phenothiazines and other antipsychotics
ii. Topical miotics

iv. Amiodarone

v. Statins

14. What is Vossius ring?

The imprinting of the pupillary ruff onto the anterior surface of the lens due
to blunt trauma is termed as Vossius ring.

15. What are the characteristic types of cataract in specific situations?

i. Trauma: Rosette cataract
ii. Infrared rays (glassblowers cataract): Exfoliative cataract
iii. Chalcosis: Sunflower cataract
iv. Diabetes: Snow-flake cataract
v. Myotonic dystrophy: Polychromatic crystals in a Christmas tree
pattern.

16. What are the experimental medical agents tried for reversal of cataracts?
i. Aldose reductase inhibitors
ii. Aspirin
iii. Glutathione-raising agents
17. What are the tests by which postoperative acuity can be estimated
in the presence of a dense cataract?

i. Laser interferometry
ii. Potential acuity meter.

18. What are the tests to assess macular function in the presence of
cataract?

i. Maddox rod test

ii. Photostress recovery time: normal is less than 50 seconds

iii. Blue-light endoscopy
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iv. Purkinje’s entoptic phenomenon
v. ERG and
vi. VEP

19. What are cohesive viscoelastics?

They are high molecular weight agents with high surface tensions and high
pseudoplasticity. They tend to be easily aspirated from the eye. Examples
include Healon, Amvisc, Healon GV.

20. What are dispersive viscoelastics?

They are substances with low molecular weight and good coating abilities.
They tend to be removed less rapidly. Examples include Viscoat and
Vitrax.

21. What are the advantages of peribulbar anesthesia as compared to
retrobulbar anesthesia?

i. Lower risk of optic nerve damage
ii. Lower risk of systemic neurological effects.

22. What are the disadvantages of peribulbar anesthesia?

i. Need more anesthetic
ii. More chemosis and congestion
iii. May need more number of injections.

23.What are the complications of retrobulbar and peribulbar
anesthesia?

i. Retrobulbar hemorrhage
ii. Globe penetration
iii. Optic nerve damage
iv. Extraocualr muscle damage
v. Neurological damage due to intrathecal penetration of drugs
vi. Death.

24.What are the different pump designs in phacoemulsification
machines?

i. Peristaltic

ii. Diaphragm

iii. Venturi.
25.What are the steps which can be taken to modify astigmatism
following phacoemulsification?

i. Toric intraocular lenses
ii. Limbal relaxing incisions
iii. Astigmatic keratotomy

26. What is SRK formula?

It was developed by Sanders, Retzlaff and Kraff and is useful for calculating
the required IOL power. IOL power P = A — (2.5L) — 0.9K



RIVA ARAVIND FAQs IN OPHTHALMOLOGY

Where “A” is the constant specific to the lens implant, “L” is the axial
length and “K” is the average keratometry reading.

27.How will you suspect a posterior capsular tear during cataract
surgery?

i. Deepening of the anterior chamber

ii. Difficulty in aspiration of the residual cortical material

iii. Peaking of pupil.

28. What are the steps to be taken in a case of intraoperative posterior
capsular tear?

i. Stop infusion of irrigating fluid
ii. Avoid anterior chamber collapse by refilling viscoelastics

iii. Mechanical anterior vitrectomy to take care of vitreous in the anterior

chamber or in the wound
iv Attempt retrieval of fragments only if they are accessible

v. If a significant amount of cortex or nucleus falls into the vitreous,
then pars plana vitrectomy is performed.

vi. The IOL is placed in the bag in the event of a small well defined tear.
In case of a big tear, but with an associated intact peripheral capsular
rim, then the lens can be placed in the ciliary sulcus

vii. Plan a peripheral iridectomy after IOL implantation

viii. The incision is closed in a watertight manner

ix. In the postoperative period, frequent use of topical steroidal drops

and topical NSAIDs may be used.

29. What are the conditions which can cause shallow anterior chamber
following cataract surgery?

A. Conditions associated with increased intraocular pressure:
i. Pupillary block glaucoma
ii. Suprachoroidal hemorrhage
iii. Malignant glaucoma (ciliary block glaucoma)
B. Conditions associated with decreased intraocular pressure
i. Leaking incision
ii. Choroidal detachment

30. What are the potential risk factors for the development of posterior
capsular opacification (PCO)?

i. Younger age at surgery
ii. Intraocular inflammation
iii. Round edged intraocular lenses are more prone to develop PCO than
square edged IOLs
iv. Smaller capsulorhexis
v. Residual cortical material and anterior capsular opacity
vi. Presence of intraocular silicon oil
vii. PMMA IOLs are more likely to develop PCO than acrylic 10OLs.
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31.What are the signs of expulsive suprachoroidal hemorrhage?

i

ii.
iii.
iv.
V.

Sudden increase of intraocular pressure

Darkening of the red reflex

Wound gape

Expulsion of the lens, vitreous and bright red blood
Severe pain.

32. What are the risk factors for expulsive hemorrhage?

i

ii.
iii.
iv.
V.

Uncontrolled glaucoma

Arterial hypertension

Patients on anticoagulant therapy
Bleeding diathesis

Prolonged hypotony.

33.How will you manage expulsive hemorrhage?
i. Attempt to close the wound as quickly as possible

Posterior sclerotomies (5—7 mm posterior to the limbus).



Retina

CHAPTER

6.1. FUNDUS FLUORESCEIN
ANGIOGRAPHY (FFA)

1. What is luminescence, fluorescence and phosphorescence?

Luminescence is the emission of light from any source other than high
temperature. This occurs when there is absorption of electromagnetic
radiation, the electrons are elevated to higher energy states and then
the energy is re-emitted by spontaneous decay of the electrons to
lower energy levels. When this decay occurs in visible spectrum, it is
called luminescence.

Fluorescence is luminescence that is maintained only by continuous
excitation, thus emission stops when excitation stops.
Phosphorescence is luminescence where the emission continues
long after the excitation has stopped.

2. What are the dyes used in ocular angiography?

Fluorescein sodium
Indocyanine green.

3. Describe the chemical properties of fluorescein.

Orange-red crystalline hydrocarbon, related to phenolphthalein, resulting
from the interaction of phthalic acid anhydride and resorcinol.

ii. The chemical name is resorcinophthalein sodium, CoH1oNaOs
iii.

It has low molecular weight (376 dalton) and high solubility in water
allows rapid diffusion.

4. Describe the biophysical properties of fluorescein.

i

ii.
iii.
iv.
V.

Maximum fluorescence at pH 7.4

Upto 80% protein bound (mainly albumin)

Only the remaining 20% is available for fluorescence
Rapid diffusion through intra and extracellular spaces
Elimination rapidly through liver and kidney in 24-36 hours
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5. Describe the absorption and emission peaks of fluorescein.

Sodium fluorescein gets excited by a light energy between 465 nm and
490 nm which is a blue spectrum and will fluoresce at a wavelength of 520
nm and 530 nm which is green yellow.

6. What are the other uses of fluorescein in ophthalmology?

i. Applanation tonometry

ii. To identify corneal epithelial defects

iii. Contact lens fitting

iv. Seidel's test

v. Fluorescein dye disappearance test

vi. ear film breakup time testing

vii. For nasolacrimal duct obstruction evaluation
viii. Fluorophotometery.

7. What is the common bacterial contaminant of fluorescein solution?
Pseudomonas aeruginosa.

8. What is fluorescein angiography?

It is a fundal photography, performed in rapid sequence following intravenous
injection of fluorescein dye.

It provides three main information:
i. the flow characteristics in the blood vessels as the dye reaches and
circulates through the retina
ii. it records fine details of the pigment epithelium and retinal circulation
that may not otherwise be visible
iii. Gives a clear picture of the retinal vessels and assessment of their
functional integrity.

9. Describe the history of FFA.

i. Ehrlich introduced fluorescein into investigative ophthalmology in 1882
ii. Chao and Flocks gave earliest description of FFA in 1958
iii. Novotony and Alvis introduced this into clinical use in 1961.

10. Describe the principle of FFA.

Inner and outer blood retinal barrier are the key to understand FFA. Both
barriers control movement of fluid, ions and electrolytes from intravascular
to extravascular space in retina.
i. Inner blood retinal barrier
— Atthe level of retinal capillary endothelium and basement membrane
— Prevents all leaks of fluorescein and albumin-bound fluorescein
— Thus, a clear picture of retinal blood vessels is seen in a normal
angiogram.
ii. Outer blood retinal barrier
— Composed of intact retinal pigment epithelium (RPE) which is
impermeable to fluorescein
— RPE acts as an optical barrier to fluorescein and masks choroidal
circulation.



RILY ARAVIND FAQs IN OPHTHALMOLOGY

11. What are the requirements to perform a FFA?

i. Fundus camera with two camera backs, timer, filters and barrier.
ii. 35 mm black and white film
iii. 35 mm color film
iv. 23 gauge scalp vein needle
v. 5 ml syringe with 1.5 inch needle
vi. 5 ml of 10% fluorescein solution
vii. Tourniquet
viii. Emergency tray with medicines to counter anaphylaxis.

12. Describe the filters used in FFA.

i. A blue excitation filter through which white light passes from the
camera. The emerging blue light excites the fluorescein molecules in
the retinal and choroidal circulations, which then emit light of a longer
wavelength (yellow-green)

i. A yellow-green barrier filter then blocks any reflected blue light
from the eye allowing only yellow-green light to pass through unimpaired
to be recorded.

13. What is the dosage of fluorescein used for FFA?

Solutions containing 500-1000 mg of fluorescein available in vials of
i. 5 ml of 10% fluorescein (most commonly used)
i. 10 ml of 5% fluorescein
iii. 3 ml of 25% fluorescein (preferred in opaque media).

14. Describe the technique employed in FFA.

A good quality angiogram requires adequate pupillary dilatation and a clear
media.
i. The patient is seated in front of the fundus camera
ii. Fluorescein, usually 5 ml of a 10% solution is drawn up into a
syringe.
iii. A red-free image is captured
iv. Fluorescein is injected intravenously over a few seconds.
v. Images are taken at approximately 1 second intervals, 5-25 seconds
after injection.
vi. After the transit phase has been photographed in one eye, control
pictures are taken of the opposite eye.
vii. If appropriate, late photographs may also be taken after 10 minutes
and, occasionally, 20 minutes if leakage is anticipated.

15. List some of the main indications for fluorescein angiography.

Fluorescein angiography is used mainly for the study of abnormal ocular
vasculature. The following are the main indications for fluorescein
angiography:

i. Diabetic retinopathy

= Detecting any significant macular Oedema which is not clinically obvious
= Locating the area of Oedema for laser treatment
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= Differentiating ischaemic from exudative diabetic maculoplathy

= Differentiating between IRMA and new blood vessels if clinical
differentiation is difficult

= In the presence of dense asteroid hyalosis to detect occult NVE and NVD

ii. Retinal vein occlusion

= Determining the integrity of the foveal capillary bed and the extent of
macular edema following branch retinal vein occlusion

= Differentiating collaterals from neovascularization

= To determine capillary non-perfusion areas.

iii. Age-related macular degeneration
= Locate the subretinal neovascularization and determine its suitability for
laser treatment.

Other indications

= Locating subretinal neovascular membrane in various conditions (high
myopia, angioid streaks, choroidal rupture and chorioretinitis)

= Locating abnormal blood vessels (e.g. idiopathic retinal telangiectasia,
etc.)

= Looking for break down of RPE tight junctions (central serous
retinal retinopathy) or the blood retinal barrier (cystoid macular edema)

= Help with diagnosis of retinal conditions (e.g. Stargaradt’s disease gives
a characteristic dark choroid).

16. What are the contraindications of FFA?

i. Pregnancy

ii. Juvenile asthmatics

iii. Renal failure

iv. Recent cardiac illness

v. Previous adverse reactions

Caution required in:
i. Elderly patients
ii. Blood dyscariasis
iii. Impaired lymphatic system.

17. What are the phases described in an angiogram?

i. Choroidal (pre-arterial)
ii. Arterial

iii. Arteriovenous (capillary)
iv. Venous

v. Late (elimination).

18. Describe the phases of a normal fluorescein angiography.

Normally 10-15 seconds elapse between dye injection and arrival of dye
in the short ciliary arteries (arm to retina time). Choroidal circulation precedes
retinal circulation by 1 second. Transit of dye through the retinal circulation
takes approximately 15-20 seconds.
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Choroidal phase

Choroidal filling via the short ciliary arteries results in initial patchy
filling of lobules, very quickly followed by a diffuse (blush) as dye
leaks out of the choroidocapillaris. Cilioretinal vessels and prelaminar
optic disc capillaries fill during this phase.

. Arterial phase

The central retinal artery fills about 1 second later than choroidal filling.
Capillary phase

The capillaries quickly fill following the arterial phase. The perifoveal
capillary network is particularly prominent as the underlying choroidal
circulation is masked by luteal pigment in the retina and melanin
pigment in the RPE. (At the center of this capillary ring is the foveal
avascular zone (500 mm in diameter).

. Venous phase

Early filling of the veins is from tributaries joining their margins, resulting
in a tramline effect. Later, the whole diameter of the veins is filled.
Late phase

After 10 to 15 minutes little dye remains within the blood circulation.
Dye which has left the blood to ocular structures is particularly visible
during this phase.

19. What is A-V transit time?

It is the time from the appearance of dye in the retinal arteries to
complete filling of the retinal veins
Normal—10 to 12 seconds.

20. Why does the fovea appear dark on FFA?

Absence of blood vessels in the foveal avascular zone

Blockage of background choroidal fluorescence due to increased
density of xanthophyll at the fovea.

Blockage of background choroidal fluorescence by the RPE cells at
the fovea, which are larger and contain more melanin than elsewhere.

21. What are the sideeffects of FFA?
They are transient and do not require treatment.

Staining of skin, sclera, tears, saliva and urine (lasting 24-36 hr)
Flushy sensation, tingling of lips, metallic taste.

22. What are the adverse reactions of FFA?
These require medical intervention.

Mild
i.
ii.

Nausea and vomiting
Vasovagal responses—dizziness, light-headedness

Moderate

Urticaria
Syncope
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iii.
iv.

Phlebitis
Local tissue necrosis and nerve palsies (due to extravasation)

Severe

Respiratory—Laryngeal edema, bronchospasm, anaphylaxis
Neurologic—Tonic clonic seizures

iii. Cardiac—Arrest, Death

23. What are the abnormal fluorescein patterns?

Hypofluorescence

Reduction or absence of normal fluorescence. It is any normally dark
area on the positive print of any angiogram.

It is seen in major two patterns:

— Blocked fluorescence

— Vascular filling defects

. Hyperfluorescence

Appearance of areas that are more fluorescent which may be due to
enhanced visualization of a normal density of fluorescein in the fundus
or an absolute increase in the fluorescein content of the tissues.

It is seen in several major patterns:

Window defect

Pooling of dye

Leakage

Staining of tissue

24. Describe the causes of hypofluorescence.
It can be because of blocked fluorescence or vascular filling defects

Blocked fluorescence

a. Pigments
RPE hypertrophy
Melanin, xanthophyll at macula
Hemoglobin

b. Exudates

c. Edema and transudates
Disciform degeneration
Central serous retinopathy
Detachment

d. Hemorrhage, e.g. choroidal, retinal, sub-hyaloid

ii. Vascular filling defects

a. Vascular occlusions of retinal, artery, vein and capillary bed
b. Choriocapillaries—Non-perfusion, choroidal sclerosis.

25. How to differentiate blocked fluorescence and vascular filling
defects?

Blocked fluorescence is most easily differentiated from hypofluorescence
due to hypoperfusion by evaluating the ophthalmoscopic view where a
lesion is usually visible that corresponds to the area of blocked
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fluorescence. If no corresponding area is visible clinically, then it is likely
an area of vascular filling defect and not blocked fluorescence.

26. Describe the causes of hyperfluorescence.

A. Preinjection phase
Autofluorescence
Pseudofluorescence
B. Increased transmission (window defect)
i. Atrophic pigment—Drusen, RPE atrophy, albino epithelial window
defect
ii. Leak
iii. Pooling (in space)
New vessels
Retinal
Subretinal—choroidal neovascular membrane (CNVM), central
serous retinopathy (CSR)
iv. Staining (in tissue)
Retinal, e.g. soft exudate
Subretinal, e.g. drusen, scar tissue.
C. Abnormal vessels
i. Neovascularization
ii. Occlusions
iii. Micro and macroaneurysms
iv. Telangiectasia, e.g. Coat’s, angiomatosis
v. Shunts and Collaterals subretinal
vi. Neovascular membrane tumors
vii. Retinal—Retinoblastoma
viii. Subretinal—Malignant melanoma, choridal hemangioma.

27. What is autofluorescence and pseudofluorescence?

» Autofluorescence occurs when certain structures in the eye naturally
fluoresce.
i. optic nerve head drusen
ii. scar tissue
iii. astrocytic hamartoma
iv. cataractous lens.
m Pseudofluorescence is a false fluorescence indicating an inefficient
filter system.
i. old filters
ii. brand new filters
ii. high humidity
iv. exposure to light.

28. What is leakage?

Leakage refers to the gradual, marked increase in fluorescence throughout
the angiogram when
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i. fluorescein molecules seep through the pigment epithelium into the
subretinal space or neurosensory retina,

ii. out of retinal blood vessels into the retinal interstitium, or

iii. from retinal neovascularization into the vitreous.
The borders of hyperfluorescence become increasingly blurred, and
the greatest intensity of hyperfluorescence is appreciated in the late
phases of the study, when the only significant fluorescein dye
remaining in the eye is extravascular.
Examples include
i. choroidal neovascularization,
ii. microaneurysms,
iii. telangiectatic caplillaries in diabetic macular edema, or
iv. neovascularization of the disk.

29. Describe staining.

Staining refers to a pattern of hyperfluorescence where the fluorescence
gradually increases in intensity through transit views and persists in late
views, but its borders remain fixed throughout the angiogram process.
Staining results from fluorescein entry into solid tissue or similar material
that retains the fluorescein such as

i. scar,

ii. drusen,

iii. optic nerve tissue or sclera.

30. Describe pooling.

Pooling refers to accumulation of fluorescein in a fluid filled space in the
retina or choroid.The margins of the space trapping the fluorescein are
usually distinct, as seen in an RPE detachment in central serous
chorioretinopathy.

31. Explain transmission defect or window defect.

It refers to a view of the normal choroidal fluorescence through a defect
in the pigment or loss of pigment in the RPE. In this pattern
hyperfluorescence occurs early, corresponding to filling of the choroidal
circulation, and reaches its greatest intensity with the peak of choroidal
filling. The fluorescence does not increase in size or shape and usually
fades in the late phases of the angiogram.

32. What are the angiographic findings in diabetic retinopathy?

A. Indications of FFA in DR
i. Clinically significant macular edema
ii. Macular ischemia
iii. Fellow eye of high risk/severe PDR (asymmetric DR)
iv. Suspected severe NPDR/PDR—to differentiate IRMA and NVE
v. Asteroid hyalosis
vi. Featureless retina
vii. To differentiate diabetic papillopathy from AION and NVD.
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B. Salient findings
The two most important phases of FFA in a diabetic eye are the mid
arteriovenous phase and the late venous phase.

AV Phase
i. The most important observations are capillary non-perfusion (CNP)
areas outside the arcades and foveal avascular zone.
ii. Foveal avascular zone changes in DR
— lrregularity of FAZ margins
— Capillary budding into FAZ
— Widening of intercapillary spaces in perifoveal capillary bed
— Enlargement of FAZ (normal diameter is 500 )
= Leaking microaneurysms—many more than clinically evident are seen,
and can be differentiated from dot hemorrhages
= IRMA and new vessels are seen at the borders of CNP areas. The
former leak minimally and the latter profusely.

Late Phase
= Emphasizes leakage
A. Mild non-proliferative diabetic retinopathy (NPDR)
a. Microaneurysms—hyperfluorescent dots that may leak in later phases.
b. Superficial and deep retinal hemorrhages causing blocked choroidal
fluorescence.
B. Severe NPDR:
a. All features as in mild NPDR.
b. CNP areas—seen as areas of hypofluorescence and usually outlined
by dilated capillaries unlike hypofluorescence caused by hemorrhages.
c. IRMAs—are segmental and irregular dilatation of capillary channels
lying within CNP areas.
d. Venous abnormalities—such as dilatation, beading, looping and
reduplication.
e. Soft exudates cause blockage of choroidal fluorescence like retinal
hemorrhages.
C. Proliferative diabetic retinopathy
i. Neovascularization of disk (NVD) or Neovascularization elsewhere
(NVE) on retinal surface or elevated into vitreous—these leak the
dye profusely which increases in later phase.
ii. Preretinal (subhyaloid) hemorrhages are well outlined and these block
both retinal and choroidal fluorescence.
D. Focal diabetic maculopathy:
a. Focal leaks from microaneurysms in macular area.
b. Hard exudates cause blocked choroidal fluorescence.
E. Diffuse diabetic maculopathy (cystoid).
a. Dilated retinal capillaries are seen leaking diffusely in the macular area.
b. Typical petalloid or honeycomb pattern of CME, may be seen in late
phases.
c. Hard exudates typically are not seen.
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33. Describe the characteristic features of FFA in other common retinal
pathologies.

A. Cystoid macular edema

n Petalloid pattern of staining of cysts in macula
= Disc may leak or stain

= Leak into vitreous in late phases

B. Central serous retinopathy

i. 95% have one or more typical leakage points

ii. Arteriovenous phase shows the leakage point

iii. In late phases
— It spreads in all directions, i.e. ink-blot type of leakage
— It first ascends forming smoke stack and then spreads like a

mushroom or umbrella (7—20%)
iv. Scar will show hyperfluorescence with hypofluorescent patches
v. Optic pit shows hyperfluorescence.

C. Macular hole

i. Pseudohole shows no abnormal fluorescence except for traction
induced retinal vascular leakage

ii. Outer lamellar hole—Variable degree of window defect

iii. Inner lamellar hole—No transmitted fluorescence or minimal window
defect

iv. Full thickness hole—Granular hyperfluorescent window defects in
arteriovenous phase. Surrounding elevation produces blockage of
choroidal fluorescence which increase the contrast.

D. Branch retinal vein occlusion (BRVO)
i. Early arteriovenous phase shows delayed filling of involved vein
ii. Hemorrhages and cotton-wool spots produce blocked fluorescence
iii. NVD, NVE, capillary non-perfusion areas are seen
iv. Macular edema (perifoveal capillary leakage) and macular ischemia
(broken FAZ)

E. Central retinal vein occlusion (CRVO)
i. Delayed central venous filling and emptying
ii. Engorged and tortuous retinal veins
iii. NVD, NVE, capillary non-perfusion areas are seen
iv. Blocked fluorescence
v. New vessels (early leakage) and collaterals (no leakage)

F. Anterior ischemic optic neuropathy (AION)
i. Early arteriovenous phase—Hypofluorescence of the disc
ii. Mid-arteriovenous phase—patient capillaries leak and show edema
iii. Hypofluorescent areas remain as such due to caplillary non-perfusion.

G. subretinal neovascular membrane (SRNVM)
i. Early arteriovenous phase shows lacy irregular nodular hyperfluorescence
ii. Late phase shows leakage and pooling.
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34. Describe indocyanine green (ICG) angiography.

Indocyanine green angiography is of particular value in delineating the
choroidal circulation and can be a useful adjunct to FA in the investigation
of macular disease in certain circumstances. About 98% of the ICG
molecules bind to serum protein reducing the passage of ICG through the
fenestrations of the choriocapillaries, which are impermeable to the larger
protein molecules.

Indications:

i. Exudative age related macular degeneration
— Occult CNV
— CNV associated with PED
— Recurrent CNV adjacent to laser scars
— ldentification of feeder vessels

ii. Polypoidal choroidal vasculopathy

iii. Chronic central serous retinopathy

iv. Lacquer cracks and angioid streaks

35. Describe anterior segment angiography.
Abnormal blood vessels in the conjunctiva, cornea, and iris may be identified
with fluorescein angiography.

Mainly iris angiography is done to diagnose
i. Iris neovascularization
ii. Iris tumors

Findings:

i. Normal iris vessels follow a fairly straight pattern from the iris root
to the pupillary border with anastomotic connection between the
vessels near the iris root and those of the collarete.

ii. Rubeosis leak of fluorescein dye is extensive and occurs early in the
angiography.
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6.2. ULTRASONOGRAPHY (USG)

1. What is an ultrasound?

Ultrasound is an acoustic wave that consists of oscillation of particles with
a frequency greater than 20,000 Hz and hence inaudible.

2. What is the audible range?
20-20,000 Hz.

3. What is the frequency of diagnostic ophthalmic USG?
8-20 MHz.

4. What is an A-scan?

A—Amplitude.

A-scan is one-dimensional acoustic display in which echoes are represented
as vertical spikes. The spacing of spikes depends on the time it takes for
the sound to reach an interface and the height indicates the strength of
the returning echoes (i.e. amplitude).

5. What is B-scan?

B-Brightness.

B-scan produces two-dimensional acoustic sections. This requires focused
beam with the frequency of 10 MHz. The echo is represented by a dot and
the strength of the echo is depicted by brightness of the dot.

6. What is standardized echography?

Combined use of standardized A-scan and contact B-scan is called
standardized echography.

7. What is M-mode?

M-mode (also called time motion (TM)) systems will examine temporal
variations in tissue dimension, thus providing data concerning
accommodation and vascular pulsations in tumors.

8. What are the basic probe orientations?

Transverse
Longitudinal
Axial.

9. What are the indications for echography?

Ocular Media

J
! .

Opaque Clear Miscellaneous
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1. Opaque Media

Anterior segment Posterior segment

1. Corneal opacification 1. Vitreous hemorrhage/Inflammation
2. AC hyphema/hypopyon

3. Miosis/Pupillary membrane

4. Cataract
1.
Clear media
Anterior segment Posterior segment
1. Iris lesions 1. Tumors and masses
2. Ciliary body lesions detection and differentiation
3. Ocecult areas of globe (retroiridal) — Hemangioma
4. Nanophthalmos — Retinoblastoma
2. Retinal detachment
— Rhegmatogenous vs exudative
3. IOFB—detection and localization
4. Optic disk abnormalities
5. Posterior scelerites
6. Endophthalmities
Ill. Miscellaneous
a. Biometry:
= Axial eye length
= AC depth

= Lens thickness

= Tumor measurement
b. Orbital indications:

= Pseudotumor

= Thyroid myopathy

= Orbital tumors.

10. How does asteroid hyalosis show up in USG?

B-scan
= Bright point like echo which is either diffuse or focal.
= Clear area of vitreous between the posterior boundary of the opacities
and the posterior hyaloid.
A-scan
= Medium to high reflective spikes.
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11. How does vitreous hemorrhage (VH) show up in USG?

Aim:
To establish the density and location of the hemorrhage and the cause of
an unexplained hemorrhage.

Mild VH:
B-scan: Dots and short lines
A-scan: Chain of low amplitude spikes.

More dense hemorrhage

More opacities on B-scan and higher reflectivity on A-scan.

If blood organizes, larger interfaces are formed, resulting in membranous
surfaces on B-scan and higher reflectivity on A-scan.

Because of gravity, blood may layer inferiorly, resulting in highly reflective
pseudomembranes that may be confused with RD.

12. How is USG useful in Intraocular foreign body (IOFB)?

i. For more precise localization and to determine the extent of intraocular
damage.

ii. For determining, if a FB which is located next to the scleral wall, lies
just within or just outside the globe.

Metallic FB

A-scan — Very high reflective spikes

B-scan — Very bright signal that persists at low sensitivity and

marked shadowing (Gain lowest).

i. Standardized echography can monitor the response of FB to pulsed
magnet, to determine if it can be removed magnetically.

ii. Spherical FB (gun pellets/bullets)
Reduplication/multiple signals due to reverberation of sound
A-scan: Series of spikes of decreasing amplitude.
B-scan: Multiple short bright echoes in decreasing brightness.

iii. Glass FB: Produces extremely high reflection signal, only if the
sound wave is perpendicular to the surface. If non-perpendicular,
sound is reflected away from probe and hence, can be missed.

13. How is USG useful in endophthalmitis?

I. A-scan: Chain of low amplitude spikes from vitreous cavity.
Il. B-scan:

= Diffuse low intensity vitreous echoes

= Diffuse thickening of RCS complex

= Serous/tractional RD may be seen.

14. What is the normal RCS complex thickness?
= 1 mm.

15. What are the conditions with increased RCS thickness?

= May be diffuse or focal
I. Choroidal edema (high reflective)
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Uveitis
Endophthalmitis
Macular edema
Vascular congestion
Hypotony

. Inflammatory infiltration (low reflective)

— VKH syndrome

— Sympathetic ophthalmia

— Lymphoid hyperplasia of uvea
Choroidal tumors

— Primary

— Metastatic

Nanophthalmos

16. How does PVD look in USG?

It can be focal or extensive and may be completely separated or
remain attached to disk or at other sites (like NVE/tears/impact sites
in trauma/arcades)

B-scan—smooth, thick membranous with fluid undulating after
movements.

Scan—Ilow (normal eye) to high (as in dense hemorrhage) reflectivity
with marked horizontal and vertical spike after movements.

17. How does retinal detachment (RD) look in USG?

Vii.

viii.

B-scan—Bright, continuous folded membrane with more tethered
restricted after movement—Total RD is attached usually at disk and
ora.

ii. A-scan—100% tall single spike at tissue sensitivity
iii. Less than 100% spike is seen if retina is atrophic, severely folded

or disrupted.

. Very mobile RD is seen if it is bullous.
. Hemorrhagic RD produces echoes in the subretinal space.
i. Configuration of RD should be determined which vary from very

shallow, flat and smooth membrane to a bullous folded and funnel
shaped membrane. The funnel shape may be open/closed and may
be concave, triangular or T-shaped.

Longstanding RD may develop cyst with cholesterol crystals that
produce bright echoes and RD may echolucent.

Tractional RD

= Tent like if there is point adherence

= Table top RD

18.USG findings in nanophthalmos.

i

ii.
iii.
iv.

Short axial length (14—20.5 mm)
Shallow AC

Diffuse RCS thickening (>2 mm)
Normal sized lens
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19. USG in choroidal melanoma.

i. Collar button or mushroom shaped appearance
ii. Regular structure with low to medium reflectivity
iii. Marked sound attenuation on A-scan
iv. High vascularity indicated by marked spontaneous motion
v. Choroidal excavation which is seen in the base of the mass where
the low reflective tumor replaces the normally high reflective choroidal
layer
vi Hemorrhage into globe and serous RD also seen
vii. Extrascleral extension detected by well circumscribed area of
homogenicity that is situated mostly adjacent to lesion.
viii. Treated tumours—more irregular in structure, more highly reflective
and decreases in elevation.

20. USG in retinoblastoma.

A-scan—extremely high reflectivity
B-scan:
i. Large bright mass at high sensitivity
ii. At low sensitivity shows multiple bright echoes corresponding to
calcium deposits
iii. Shadowing of sclera and orbit
iv. Diffuse tumor may not have calcification

21. USG in choroidal hemangioma.

i. Solid, regularly structured, highly reflective.

ii. Internal vascularity—less pronounced than in melanoma.

iii. Lesions—mildly to moderately elevated with a dome shaped
configuration and are normally located posteriorly.

22, How will you different between thyroid myopathy and pseudotumor?

In thyroid myopathy, tendons are spared, with enlargement of muscle
belly, whereas in pseudotumor, there will be diffuse enlargement of muscles
(involving tendons) seen. Typical beer belly pattern is seen in thyroid
related myopathy.

23. What are the limitations of orbital ultrasonography?

i. Tumors located at the orbital apex are difficult to recognize because
of the attenuation of sound and confluence of optic nerve and muscles
that are inseparable ultrasonically.

ii. Tumors <2 mm are not seen.

iii. Tumors originating/extending along the bony wall of the orbit do not
present a reflecting surface perpendicular to the ultrasonic beam,
and consequently do not produce distinct echoes. (e.g. meningioma,
osteoma, pseudotumor)

iv. Floor fractures, surgical defects of the orbital wall, as well as hyperostosis
of bone, are not reliably detectable.
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6.3. DIABETIC RETINOPATHY (DR)

1. What are the characteristic features of retinal arteries?
Retinal arteries are end arteries.

2. What are the various anatomical layers of retinal artery?

i. Intima: the innermost layer is composed of a single layer of
endothelium.
ii. Internal elastic lamina: separates the intima from the media.
iii. Media: consists mainly of smooth muscle
iv. Adventitia: is the outermost and is composed of loose connective
tissue.

3. What are the outer and inner blood retinal barriers?

i. Outer blood retinal barrier: consists of basal lamina of the Bruch
and zonal occludens between the retinal pigment epithelium (RPE)

ii. Inner blood retinal barrier: The endothelial cells of the capillaries
linked by the tight junctions form the inner blood retinal barrier.

4. How do the RPE and the photoreceptors derive their nutrition?

RPE and layer of rods and cones are avascular and derive their nourishment
from the choroidal circulation.

5. What are the characteristics of retinal capillaries?

i. They supply the inner two thirds of the retina while the outer third is
supplied by choriocapillaries

ii. There are two capillary networks—the inner (located in the ganglion
cell layer) and the outer (in the inner nuclear layer).

6. Why is proliferative diabetic retinopathy (PDR) more prevalent in
Insulin dependent diabetes mellitus (IDDM) than in NIDDM?

PDR is the result of prolonged, very high average blood glucose levels and
such levels are seen more in patients with IDDM

7. What are the risk factors for developing DR in patients with DM?

i. Longer duration of the disease
ii. Metabolic control—worsening of retinopathy occurs with poor control
of hyperglycemia.

8. What are the systemic factors which have an adverse effect on DR?

i. Duration of diabetes

ii. Poor metabolic control of diabetes
iii. Pregnancy

iv. Hypertension

v. Nephropathy

vi. Anemia

vii. Hyperlipidemia
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9. What are the ocular conditions which decrease the progression of
DR?
i. Chorioretinal scarring
ii. Retinitis pigmentosa
iii. High myopia
iv. Optic atrophy
(It is due to decreased retinal metabolic demand).
10. What are the causes of vision loss in diabetic retinopathy?
i. Macular Oedema
ii. Macular ischemia
iii. Vitreous hemorrhage
iv. Tractional retinal detachment
v. Optic atrophy due to direct papillopathy or following extensive PRP

11. Explain the pathogenesis of diabetic microangiopathy.

Diabetic microangiopathy occurs at the level of capillaries and comprise.
of:
a. Capillaropathy
i. Degeneration and loss of pericytes
ii. Proliferation of endothelial cells
iii. Thickening of basement membrane and occlusion
b. Hematological changes
i. Deformation of erythrocytes and rouleaux formation
ii. Changes in RBC leading to defective oxygen transport
iii. Increased plasma viscosity
iv. Increased stickiness and aggregation of platelets.

These changes result in microvascular occlusion and leakage.

12. Mention the retinal vascular changes in DR.
i. Capillaries:
a. Occlusion
b. Dilatation
c. Microaneurysms
d. Abnormal permeability
ii. Arterioles:
a. Narrowing of terminal arterioles
b. Occlusion
c. Sheathing
iii. Veins:
a. Tortuosity
b. Looping
c. Beading
d. Sausage like segmentation.

13. What are the functions of basement membrane?
i. Structural integrity to blood vessels
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ii. Filtration barrier for molecules of various sizes and charges
iii. Regulate cell proliferation and differentiation.

14. What is the ratio of endothelium cells to pericytes?

Normal endothelial cell: pericyte ratio is 1:1 and there is loss of intramural
pericytes in DM.

15. What are the causes of breakdown of blood retinal barrier?

i. Opening of tight junction between adjacent endothelial cell processes

ii. Fenestration of the endothelial cell cytoplasm (normally—absent)

ii. Increased in foldings of plasma membrane at the basal surface of
RPE cells

v. Increased transport by endocytic vessels.

16. How does microvascular leakage occur?

Loss of pericyte results in distention of capillary walls which leads to
breakdown in blood retinal barrier and leakage of plasma.

17. What is the cause of endothelial cell damage in DR?
It is due to increased sorbitol level in endothelial cells.

18. What are the causes of RBC changes in DR?
It is due to increased growth hormone.

19. What is the cause of increased platelet stickiness in DR?
Due to increased factor VIII.

20. What are the features of non proliferative diabetic retinopathy
(NPDR)?
i. Retinal microvascular changes are limited to the confines of the
retina and do not extend beyond the internal limiting membrane.
ii. Findings include microaneurysms, areas of capillary non perfusion,
dot and blot retinal hemorrhages, and vascular abnormalities.

21. What are microaneurysms?

They are localized saccular outpouchings of the capillary wall, often caused
by pericyte loss. They are continuous with the blood vessels. They appear
as red round intraretinal lesions of 30—-120 p in size and are located in the
inner nuclear layer of the retina. However, clinically they are indistinguishable
from dot hemorrhages. Fluorescein angiogram reveals hyperfluorescence.
They are saccular outpouchings of the capillary wall probably arising at the
weak points due to loss of pericytes.

22. What are hard exudates and where are they located?

They are caused by chronic localized retinal edema and appear at the
junction of the normal and edematous retina. They are composed of
lipoproteins and lipid filled macrophages and are located mainly in the
outer plexiform layer of the retina. FFA shows hypofluorescence.
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23. How do you differentiate drusen and hard exudates?

Drusen:
i. Oval or round
ii. Whitish or yellowish in color
iii. Punched out areas of choroid or pigment epithelial atrophy
Hard exudates:
i. Waxy yellow lesions with distinct margin
ii. Other features of DR like microaneurysms and hemorrhages will be
present.

24. Why are the retinal superficial hemorrhages flame shaped?

These hemorrhages occur at the nerve fiber layer and they are flame
shaped since they follow the architecture of the nerve fiber layer. They
arise from superficial precapillary arterioles.

25. Why are the inner retinal hemorrhages dot shaped?

This is because the inner retinal structures are perpendicular to the retinal
surface.

26. What are cotton wool spots?

Cotton wool spots are due to the ischemic infarction of the nerve fiber
layer. Because of the ischemia, interruption of axoplasmic flow happens
and build up of transported material within axons occurs.

27. Describe IRMA.

Intraretinal microvascular abnormality (IRMA) is frequently seen adjacent
to capillary closure and they resemble focal areas of flat retinal
neovascularization clinically. These are arteriovenous shunts that run from
arterioles to venules. IRMA indicates severe NPDR and may herald the
onset of the preproliferative stage of diabetic retinopathy (PPDR).

28. Explain the pathological changes of diabetic maculopathy.

They are classified into
a. Intraretinal
i. Macular edema
ii. Macular ischemia
b. Preretinal
i. Thickened posterior hyaloid
ii. Thickened preretinal membrane
ii. Macular traction
iv. Macular ectopia

29. What are the reasons for focal and diffuse macular edema?
This is the most common cause of visual impairment in the diabetic
patients.

Focal edema: Due to localized leakage from microaneurysm leading to
hard exudates ring formation and retinal thickening.
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Diffuse edema (> 2 DD size): Due to generalized leakage from
decompensated capillaries throughout the posterior pole.

30. What is clinical significant macular edema (CSME)?

i. Retinal thickening at or within 500 p of the center of macula

i. Hard exudates at or within 500 p of the center of macula with
adjacent retinal thickening

iii. Retinal thickening of 1 disk diameter (DD) or larger, any part of which
is within 1 DD of the center of the fovea.

31. How does macular ischemia look clinically?

i. Signs are variable: Multiple cotton wool spots and attenuated arterioles
may be seen.
ii. Macula may look relatively normal despite reduced visual acuity

32. What are the FFA characteristics of macular ischemia?

i. Focal capillary dropout
ii. Enlargement of foveal avascular zone (FAZ)
iii. Occlusion of arterioles of the macula.

33. How do you manage diabetic macular edema (DME)?

i. Medical:
a. In patients with refractory macular edema, a posterior sub-tenon
injection of triamcinolone acetonide is useful.
b. Intravitreal triamcinolone
c. Intravitreal anti-VEGF agents
ii. Laser: (given in later chapters)
iii. Surgery:
In cases with posterior hyaloid traction, pars plana vitrectomy and
detachment of posterior hyaloid may be useful for treating DME.

34. What are the characteristic features of preproliferative diabetic
retinopathy?
a. Clinical features:
i. Presence of cotton wool spots
ii. Presence of IRMA
ii. Venous beading
v. Narrowing of vessels
v. Dark blot hemorrhages
b. Fluorescein angiogram features:
i. Extension of papillary non perfusion areas

35. What is the 4:2:1 rule?

ETDRS investigators developed the 4:2:1 rule to help clinicians identify
patients at greater risk of progression.
i. Diffuse intraretinal hemorrhages and microaneurysms in 4 quadrants
ii. Venous beading in 2 quadrants
iii. IRMAs in 1 quadrant.
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36. What is the incidence of proliferative diabetic retinopathy in diabetic
population?
5-10%. Type | patients are typically at risk.

37. What is the cause of neovascularization?

i. Liberation of vasoformative angiogenic growth factors (VEGF, placental
growth factor, pigment epithelial factor) elaborated by the hypoxic
retina in an attempt to revascularize hypoxic areas are thought to
produce neovascularization.

ii. Inhibition of endogenous inhibitors like endostatin and angiostatin.

38. What is the common site for neovascularization?

It is mainly along major temporal arcade at the posterior pole and over the
disc, arising most frequently from veins. Predilection of neovascularization
over the disc to bleed is due to absence of internal limiting membrane and
hence NVD is more dangerous than NVE.

39. What is high risk PDR?

i. Mild NVD with vitreous hemorrhage
ii. Moderate to severe NVD with or without vitreous haemorrhage
iii. Moderate NVE with vitreous hemorrhage

40. What is the appearance of vitreous hemorrhage on ophthalmoscopic
examination?

Black in color.

41. What are the various stages in the development of PDR?

i. Fine new vessels with minimal fibrous tissue cross and extend beyond
the ILM.
ii. New vessels increase in size and extent with an increased fibrous
component.
iii. New vessels regress, leaving residual fibrovascular proliferation along
the posterior hyaloid.

42. What is the most common type of RD that occurs in diabetes?

i. Tractional RD
i. Combined RD and rhegmatogenous RD also occur.

43. What are the current indications for pars plana vitrectomy in PDR?

i. Dense, non clearing vitreous hemorrhage (VH).
ii. Tractional retinal detachment involving or threatening macula
iii. Combined tractional and rhegmatogenous retinal detachment.
iv. Diffuse diabetic macular edema associated with posterior hyaloid
traction
v. Significant recurrent vitreous hemorrhage despite maximal PRP.

44. What are the complications of PDR?

i. Persistent VH
ii. Tractional RD
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iii. Development of opaque membranes on posterior surface of detached
hyaloid
iv. Rubeosis iridis and NVG.

45. What are the landmark studies in DR?

i. Studies which measured the efficacy of photocoagulation:
a. DRS—proved the use of photocoagulation in the treatment
b. ETDRS—gave data regarding when to do photocoagulation

ii. Study which measured the efficacy of vitrectomy:
DRVS—proved the advantage of early vitrectomy in VH complicating
PDR

iii. Studies which measured the efficacy of metabolic control:
a. DCCT—showed the advantage of intensive insulin therapy in the

treatment of DM

b. UKPDS—United Kingdom prospective diabetes study

46. What was the main study objective of diabetic retinopathy study
(DRS)?

If photocoagulation reduced the risk of severe visual loss in proliferative
diabetic retinopathy.

47. What were the major methodology aspects of DRS?

i. Randomization

i. One eye of each patient was assigned randomly to PHC (argon or
xenon) and other eye for follow up. Eye on treatment was randomly
assigned to argon or xenon arc.

48. What was the inference of DRS?

i. Photocoagulation reduced risk of severe visual loss by 50% or more
ii. Modest risks of decrease in visual acuity and constriction of visual
fields (more for xenon)
iii. Treatment benefit outweighs risks for eyes with high risk PDR.

49. What were the main study questions of early treatment diabetic
retinopathy study (ETDRS)?

i. Is photocoagulation effective in treating diabetic macular edema?
ii. Is photocoagulation effective for treating diabetic retinopathy?
iii. |s aspirin effective for preventing progression of diabetic retinopathy?

50. What were the results of ETDRS?

i. Aspirin use results:
a. Aspirin use did not alter progression of diabetic retinopathy but
reduced risk of cardiovascular morbidity and mortality.
ii. Early scatter photocoagulation results:
a. Early scatter photocoagulation resulted in a small reduction in the
risk of severe visual loss.
b. Early scatter photocoagulation is not indicated for eyes with mild
to moderate diabetic retinopathy
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c. Early scatter photocoagulation may be most effective in patients
with type 2 diabetes.
iii. Macular edema results:
a. Focal photocoagulation for DME decreased risk of moderate visual
loss, reduced retinal thickening and increased the chance of
moderate visual gain.

51. What was the main study question of diabetic retinopathy vitrectomy
study (DRVS)?

To evaluate the natural course and effect of surgical intervention on severe
PDR and its complications.

52. What were the clinical recommendations?

1. Early vitrectomy is advantageous for severe vitreous hemorrhage causing
significant decrease in vision especially in type | diabetics.

2. Greater urgency for early surgery in uncontrolled fibrovascular proliferation
or when proliferation has been treated partially by scatter
photocoagulation.

3. Eyes with traction detachment not involving the fovea and producing
visual loss do not need surgery until there is detachment of fovea,
provided proliferation process is not severe.

53.What were the main study questions of diabetes control and
complication trial (DCCT)?

a. Primary prevention study: Will intensive control of blood glucose slow
development and subsequent progression of diabetic retinopathy?

b. Secondary prevention study: Will intensive control of blood glucose
slow progression of diabetic retinopathy?

54. What were the main study outcomes of DCCT?

i. Intensive control reduced the risk of developing retinopathy and also
slowed the progression of retinopathy.

ii. Intensive control also reduced the risk of clinical neuropathy and
albuminuria.

55. What were the study questions of United Kingdom prospective
diabetes study (UKPDS)?

Will intensive control of blood glucose and intensive control of blood
pressure reduce the risk of microvascular complications of DR?

56. What were the main study outcomes of UKPDS?

Intensive control of diabetes and blood pressure slowed the progression
of diabetic retinopathy and reduced the risk of other microvascular
complications of DR.
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6.4. LASERS IN DIABETIC RETINOPATHY

1. What does the word LASER stand for and what is its basic principle?
LASER stands for Light Amplification by Stimulated Emission of Radiation.

Principle: Electrons in lasing medium are excited to higher energy level,
which then decay to a lower energy state with the release of a photon,
which may be spontaneous or stimulated emission. This photon is then to
target the tissue of interest.

2. What are the types of laser tissue interaction in the eye?

i. Photochemical effects:
a. Photoradiation (dye laser)
b. Photoablation (excimer lasers)
ii. Thermal effects: Photocoagulation (argon, krypton laser)
iii. lonizing effect: Photodisruption (Nd:YAG laser)

3. How does laser work?

The lasing material is placed in a resonant cavity, which has a mirror at
each end. When a photon encounters an excited electron and stimulated
emission occurs, the light emitted travels to and fro in the cavity and
reinforces itself, producing coherent, monochromatic and collimated light.

4. What are the different types of lasers used?

A. Based on types of laser media, lasers are classified as:
A. Solid state lasers
= Ruby laser
= Nd:YAG laser
B. Gas lasers
= Argon laser
= Krypton laser
s COy laser
C. Liquid lasers
Dye laser (not much popular)
D. Semiconductor lasers
Diode lasers
B. Based on types of output modes:
A. Continuous wave: Coherent, monochromatic, and collimated light
are produced continuously, eg. argon lasers.
B. Pulsed mode
= Mode locked: Pulses in Q switched mode are separated from
each other by a specific time interval and all the wavelenghts are
in phase.
= Q switched mode: Single, brief and very high power pulsed, e.g.
Nd:YAG, CO..
= Re running mode: The pulses are not separated by specific time
interval and the wavelengths are not in place.
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5. What does solid state laser use?

Solid state lasers are ruby laser, Nd:YAG laser. The active element in
Ruby laser is chromium ion incorporated in sapphire crystal. In the Nd:YAG,
the yttrium-aluminiumgarnet is doped with neodymium ions.

6. What does gas laser use?

The gas lasers have an ionized rare gas as their active medium. For
example argon and krypton lasers are ion lasers.

7. What does tunable dye laser mean?

It is a fluorescent organic compound dissolved in liquid solvent which
when optically pumped by laser/flash lamp laser, can emit laser radiation
over a wide range of wavelength. The output wavelength can be changed
over the possible lasing band by varying the tuning element.

8. What is phototherapy?

Necrosis of tumor/neovascularization using locally/systematically
administered photosensitizer.

9. Mechanism by which photo therapy works?

Photochemically sensitized target tissue, when exposed to laser of proper
wavelength, releases singlet oxygen. This damages the lesion by lipid per-
oxidation. For example photodynamic therapy—verteporfin.

10. Few important lasers and their properties?

Laser type | Wavelength Active Primary Applications
(nm) medium damage
mechanism
1. Argon 488-514 Gas Photothermal | Trabeculoplasty
Photoche