
KeraSight



KeraSight



KeraSight



KeraSight



KeraSight



KeraSight

Volume 4; January - April 2018

Intra-corneal Ring Segments

Introduction
Intra-corneal ring segments (ICRS) are made up of PMMA material, which are inserted intrastromally in 
the cornea with the aim of bringing about a change in its curvature. The idea of a ring implant inserted 
into the corneal storm to alter the corneal curvature was first given by Reynolds et al in the mid 1980s.(1) 
The thickness of the device was found to have direct and linear effect on the corneal flattening.(2) Studies 
thereafter reported a modification of these ring into ring segments to be an effective, viable and reversible 
alternative for treatment of myopia. The need for segments arose from the need for an easier implantation 
and reduction in incision related complications as compared to the complete rings.(3)(4)(5)

The first Corneal ring segments to gain FDA approval were Intacs, for the treatment of low to moderate 
myopia. Intacs were used in treating keratoconus by Colin in 2000. He reported that they could be an 
effective way to delay corneal transplant in these 
patients and aid a better contact lens fitting. He also 
found that the effect on the corneal was more than 
that in myopic patients since the thinner cornea in 
these patients flattened more easily (6)

Though it was first introduced for myopes, its 
popularization for the same indication was 
prevented by advent of laser refractive surgeries. 
However, it has been found to be an effective and 
safe modality for keratoconus patients even in the 
long-term. Today intracorneal ring segments have 
evolved further in terms of designs, and creation of 
the corneal channel with femtosecond laser. It has 
also been used in combination with other treatment 
modalities such as corneal collagen cross-linking 
(CXL) and phakic IOLs.
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Mechanism of Action
Modern keratorefractive surgery is based on the 
Barraquer’s law of thickness according to which 
“removal of tissue from corneal center makes it 
flatter while steeping happens on adding tissue to 
the periphery”.(7)

The ICRS works on the “arc shortening effect” 
principle wherein the segment acting as a spacer 
element between the stromal lamellae shortens the 
central arc length in proportion to the thickness 
of the segment. (See Figure 1a, 1b) The flattening 
effect of the segment also increases as its diameter 

reduces. However, it patients with corneal ectatic 
disorder this lamellar arrangement is distorted and 
thus effect of the segments on these corneas may 
be different from that seen in normal cornea.(8)(2)

Types of Corneal ring segments
The currently available ICRS are of 2 types: the arc 
segments and 360-degree rings. Keraring, Intacs, 
Ferrara and The Corneal Ring are the ring segments 
available while Myoring is the 360-degree ring.(9) 
Table 1 describes the salient features of each the 
models.
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Table 1: Salient Features of Currently Available ICRS

ICRS 
model

Arc Length 
(degrees)

Inner 
diameter

Outer 
diameter

Cross section 
shape

Thickness 
(mm)

Indications

Intacs 
(Fig. 2)

150 6.77 mm 8.1 mm Hexagonal 0.25-0.45 Low-moderate myopia, 
Keratoconus, post 
LASIK ectasia PMD

KeraRing

(Fig. 3)

90, 120, 
150, 160, 
210, 355

-  
SI 5-5 mm 
optical zone

-  
SI 6-6 mm 
optical zone

Triangular 0.15-0.35 Keratoconus, PMD, 
post LASIK ectasia

Ferrara  
(Fig. 4)

90, 120, 
160, 210, 
320

4.4 AFR-5 mm 
AFR6-6 mm

Triangular 0.15-3.5 Myopia, Keratoconus, 
PMD, post LASIK 
ectasia, Post RK/PK 
astigmatism

Corneal 
Ring  
(Fig. 5)

155, 220 4.7 mm 5.9 mm Spindle 0.15-0.35

Myoring  
(Fig. 6)

Full 360 
degree ring

- 
Diameters- 
5-8 mm

- No data 0.2-0.32 Myopia, Keratoconus, 
PMD, post LASIK 
ectasia

KeraTacx 
plus 
(Fig. 7)

45, 90, 
120, 160, 
1210, 320, 
355

4.5 5.7 Dome shaped 
(no sharp 
edges)

0.1-0.35 Myopia, Keratocnous, 
PMD, post LASIK 
ectasia, Post RK/PK 
astigmatism

Intacs SK 
(Fig. 8)

150 6 7 Elliptical 0.40-0.45 Mod-Severe 
Keratoconus with 
steep Km>55D

Figure 2a. Intacs. Figure 2b. Intacs in a patient on postoperative day 1.Figure 2a. Intacs.
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Figure 3. Keraring

Figure 5. Cornealring

Figure 7. Keratacx

Figure 4. Ferrara ring

Figure 6. Myoring

Figure 8. IntacSK
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In the following section we shall discuss the 
indications, surgical techniques, visual outcomes 
and complications for ICRS.

Indications for use
Though initially conceptualized and designed for 
treating myopic refractive error, the ICRS are most 
commonly used today as a management modality 
for corneal ectatic disorders.

Keratoconus
ICRS are indicated in patients with keratoconus with 
the following features. (10)(11)

•	 Moderate	 keratoconus	 with	 disabling	 VA,	
intolerant to contact lens/spectacles

•	 Patients	should	have	a	clear	optical	zone	and	
corneal pachymetry >400 microns in the area 
of implantation i.e. at the 7 mm zone

Patients with mesopic pupil size >6 mm, steepest 
K >58D, post corneal hydrops, coexistent ocular 
diseases like glaucoma or posterior segment 
pathology, corneal opacity/scarring, autoimmune 
diseases and corneal dystrophies are not good 
candidates for ICRS implantation

Preoperative planning
In addition to a routine examination, including 
UCVA, BCVA, a good refraction, topography and 
pachymetry is required in pre-operative planning of 
cases for ICRS. 

The best results with ICRS are obtained in patients 
with the following preoperative parameters:(12) (13)

1. Patients with CDVA <0.9 [decimal unit]

2. Patients with refractive and topographic 
stability

3. Aligned refractive and topographic axis, with 
difference <15 degrees

4. Internal astigmatism <3 D

5. Pachymetry at the tunnel incision area: >300 
microns (Ferrara); >450 microns (Intacs); 
>250 microns (Kerarings)

6. Clear optical zone

The locations of cone whether central of decentered 
is helpful in decision making as 2 symmetrical 
segments are usually used in centrally located cones 
(more than 50% of the cone within the central 3 mm 
zone) while 2 asymmetric or a single segment are 

used in oval or decentered cones (more than 50% of 
the cone outside the 3 mm zone ). The single segment 
is placed inferior to the cone while in asymmetric 
segments the thicker s placed blow and the thinner 
one above the cone.(13)(10) Though some authors 
advocate placing the incisions temporally, they are 
usually placed at the positive manifest cylinder or 
the steeper K axis. If both the axis don’t match the 
topographic meridian is used.

The nomogram used for selecting the ICRS depends 
on the type of ring used. Several nomograms have 
been described for each of the ring segments by 
different authors based on different parameters. 
The following nomogram (Table 2) is recommended 
by the manufacturer for Intacs and Intacs SK based 
on the spherical equivalent of the patient. Other 
nomograms based on the topographical profile has 
also been described. (14)

Colin et al (2006) used the following nomogram for 
Intacs in keratoconus patients based in the type of 
cone and spherical equivalent (15)(Table 3)

There are 3 different normograms described for 
Keraring depending on the distribution of the area of 
irregularity on either side of the reference meridian 
(4 types), keratometric value, and the CDVA. The 
reference meridian taken is the steepest meridian 
corresponding with the plus refractive cylinder axis 
if CDVA>0.5. If CDVA <0.5, the steepest meridian as 
per topography or the total coma aberration axis is 
chosen as the reference meridian. The treatment is 
based on the refractive sphere and cylinder obtained 
by manifest refraction if CDVA>0.4, while in patients 
with CDVA<0.3 these maybe less reliable and the 
treatment is based on keratometric values.

Normogram for Ferrara Rings
While selecting the Ferrara ring for a patient, the 
treating doctor should follow the following steps:

Step 1 Determine the type of cone- Sag, Bowtie or 
Nipple

Step 2 Determine the distribution of the ectatic 
area- Central (nipple/bowtie) or Paracentral 
(asymmetric)

Step 3 Calculate the corneal asphericity or Q value- 
the expected postoperative Q value with the 
given segment should not be significantly 
below -0.23.

Step 4 Note the topographic astigmatism based 
on which the thickness of the ring is 

Page - 6



KeraSight

determined; an exception being in the 
nipple type of cone where the thickness is 
based on the spherical equivalent and a 
210 degree arc segment is used.

Step 5 The pachymetry at the steepest meridian 
in the 5 mm zone or the incision site to 
be noted as the depth of incision placed 
should be 80% of the thickness at this site.

Myorings are 360 degree rings and unlike the previously 
described ones, they do not have a significant impact 
on the astigmatism. They have a higher capacity to 
flatten and reduce the SE and are more suitable for 

cases with high spherical error and low astigmatism. 
The following inclusion criteria should be met:

1. UCVA < 0.3

2. Minimal corneal thickness >360 microns

3. Average central Km >44D

4. No central corneal scar

5. No history of past anterior segment surgery

6. Age <50 years

The nomogram for Myoring in keratoconus (Table-4) 
is simple and depends only on the average central 
Km or ACK (16)
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Symmetric

Intacs (7.0 mm) Spherical Equivalent *Intacs SK (6 mm )

0.210 mm +1.0 to -0.75 0.210 mm

0.250 mm -1.0 to -1.75 0.250 mm

0.300 mm -2.0 to -2.75 0.300 mm

0.350 mm -3.0 to -3.75 0.300 mm

0.400 mm -4.0 to -4.75 0.350 mm

0.450 mm -5.0 to -5.75 0.350 mm

-6.0 to -7.75 0.400 mm

-8.0 and higher 0.450 mm

Asymmetric

Spherical Equivalent Inferior Intacs Superior Intacs

+1.0 to -2.0 0.300 mm 0.210 mm

-2.0 to -3.0 0.350 mm 0.210 mm

-3.0 to -4.0 0.400 mm 0.210 mm

-4.0 and higher 0.450 mm 0.210 mm

*Use Intacs SK when the conal anomaly on the posterior float is within the 5 mm zone

Table 2. Nomogram for Intacs and Intacs SK for Keratoconus

Type of Cone Preoperative SE<3 D Preoperative SE>3 D

Asymmetric

 Moderate Asymmetry

 High Asymmetry

0.250 mm/0.300 mm

0.350 mm/0.400 mm

0.250 mm/0.400 mm

0.250 mm/0.350 mm

0.400 mm/0.450 mm

0.250 mm/0.450 mm

Global 0.400 mm/0.400 mm 0.450 mm/0.450 mm

Central 0.400 mm/0.400 mm 0.450 mm/0.450 mm

Table 3. Nomogram for Intacs in keratoconus (Colin et al)
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Table-4: Nomogram for Myoring in keratoconus

Average 
Central Km

Implant 
Diamter (mm)

Implant 
thickness 
(microns)

<44 D 7 280

44-48 D 6 240

48-52 D 6 280

52-55 D 5 280

>55 D 5 320

ICRS in post LASIK ectasia 
Post LASIK ectasia is progressive corneal ectasia or 
deformation with refractive and optical instability 
seen after an otherwise uneventful LASIK surgery. 
(17) Brenner et al reported in a retrospective study 
evaluating ICRS in post LASIK ectasia that patients 
who had loss of 2 more lines in CDVA after developing 
ectasia compared to pre LASIK VA and those with 
CDVA>0.5 post ectasia are good candidates for 
ICRS treatment.(17)

Other authors have found improvement in CDVA, 
UDVA, Km and SE in these patients along with 
refractive stability on treatment with ICRS on long-
term follow up (up to 5 years) though the sample 
of patients included in these studies were small(18)
(20). Pinero et al found a significant improvement 
in BSCVA, coma like aberrometry and manifest 
cylinder in post LASIK ectasia patients on treatment 
with ICRS. They however emphasized that patients 
with higher preoperative primary coma and coma-
like aberrations had poorer visual outcomes 
post treatment. Also they found that ICRS did not 
necessarily stall the progression of ectasia in all 
cases.(20) 

Surgical technique
There are 2 channel dissection techniques for ICRS 
insertion- Mechanical and Femtosecond Laser  
aided.

Manual Dissection

The center of the cornea is marked first. The incision 
site is usually at the steepest topographic axis at 
the implantation site (at about 5mm zone) and a 
calibrated diamond knife is used to create an radial 
incision about 1mm in length at depth of 70-80 % 
of the corneal thickness at the site. (9) Pocketing 
hooks are then used to create stromal pockets on 
each side of the incision ensuring that an uniform 

depth is maintained. A semi-automated suction ring 
is the placed around the limbus and vacuum force 
created, following which 2 semicircular dissectors 
are placed into the lamellar pocket to be advanced 
by a rotational movement. The suction device and 
dissectors are then removes and the ring segments 
are inserted into each of the channels with a modified 
McPherson’s forcep.(15)

Femtosecond Laser aided channel creation

Pupillary center is marked on the cornea. Cornea 
is applanated and flattened using a disposable 
applanation cone. Femtosecond laser is then 
applied to create the incision and stromal channels 
at a depth of 400 mm with preplanned diameters 
entered beforehand.(22) The ring segments are 
then inserted into the channels after opening them 
with a dissector. The incison site may then be 
usually sutured with a 10-0 MFN suture after both 
techniques of channel creation.

Though studies have reported comparable visual 
and refractive outcomes using the 2 techniques of 
channel creation, manual dissection may a higher 
incidence of complications such as epithelial 
defects and corneal perforation. The FS Laser aided 
technique also has better precision of depth, is 
faster, easier with better patient comfort.(22)(23) 
Pinero et al however found a better aberrometric 
correction with the use of femtosecond laser. (24) 

ICRS in combination with other treatment 
modalities (PRK, CXL, Phakic IOL)

Corneal collagen crosslinking or CXL along with ICRS 
in progressive ectatic disease may provide a pivotal 
role in halting disease progression. Although there is 
no consensus on the sequence of treatment, which 
should be undertaken, some have hypothesized 
that ICRS after 1 year of CXL may allow corneal 
remodeling and thus a more predictable refractive 
effect to be achieved. (25) However others have 
also found CXL with simultaneous PRK following 
ICRS implantation in keratoconus and PMD to 
produce reasonably good visual outcomes.(25)(26) 
Alio et al compared simultaneous ICRS along CXL , 
performed with standard epithelium off technique 
and riboflavin infusion in intrstromal pocket to find 
comparable results with both the techniques.(27)

Authors have also prescribed a 3 step procedure 
starting with ICRS followed by CXL+ PRK (28) or 
ICRS followed by CXL culminating in toric ICL(29) 
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as an effective way visually rehabilitate patients 
with corneal ectatic disease. Phakic IOL has an 
advantage that it can correct larger amount of 
sphere and cylinder with no damage to the cornea. 
Also it Phakic IOL performed after a gap post ICRS 
may proived better outcomes as the refractive error 
and topography is more stable.(9)

Complications
The complications associated with ICRS implantation 
have significantly reduced since the advent of 
Femtosecond laser technology for channel creation 
(30). They may be broadly divided into intraoperative 
and postoperative.

Intraoperative complications
The intraoperative complications have mostly been 
reported with the mechanical dissection technique. 
Intraoperative complications seen with Intacs include 
segment decentration, asymmetry of segments, 
inadequate channel depth and anterior Bowman layer 
perforation due to superficial dissection. Mechanical 
epithelial defects, extension of the incision towards 
the visual axis and posterior corneal perforation have 
also been reported. (31) However, decentration has 
been reported with Femtosecond laser technique 
too. Ertan proposed that the shifting of the pupillary 
center during corneal applanation in Femtosecond 
laser aided channel creation contributed to segment 
decentration. They also found preoperative sphere 
and cylinder to be significantly associated with 
decentration. (32) Ensuring that the inner border 
of the segment is at the same distance from the 
pupillary center may be useful. The pupillary center 
can be marked on the cornea before applanation 
as a reference point.(33) Incomplete channel 
creation and endothelial perforation has also been  
reported with the Femtosecond laser aided channel 
creation.(34)

Postoperative complications
Segment movement or migration is the most 
commonly reported postoperative complication. 
Other postoperative complications include 
segment extrusion (more commonly seen post 
mechanical dissection) , infectious keratitis, corneal 
neovascularization, corneal melting associated 
with segment movement, epithelial plug or corneal 
haze at the incision site and deposits along the  
channel.(31)

Segment explanation rate varies from 0.6-30%, 
most commonly done for extrusion(35). Ferrer et 
al reported an explanation rate of 22.8 % among 
the 250 eyes, which underwent ICRS implanation 
over a period of 8 years. The main indications for 
explantation in the decreasing order of frequency 
were extrusion, unsatisfactory refractive outcome, 
infectious keratitis, corneal melt and perforation.
(36) Rarely symptoms like chronic pain, haloes and 
glare have also been reported.

To conclude ICRS are an effective, safe and above 
all reversible modality for treating various corneal 
ectatic disorders. However, further studies are 
needed to evaluate its long-term effect, along with 
development of newer nomograms to treat corneal 
aberrations in addition to refractive and topographic 
abnormality. Also standard protocols need to devised 
for combining ICRS with other treatment modalities 
such as PRK, CXL and phakic IOL to provide better 
visual and anatomical outcomes to these patients.
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Optical Biometry: Recent Advances

Intraocular lens (IOL) power calculation is a crucial 
step to achieve optimal visual outcome in modern 
day cataract surgery. Various devices are currently 
available for accurate IOL power calculation in order 
to reach the target refraction. (1)

Parameters needed for measurement of IOL power 
include axial length (AL), anterior chamber depth 
(ACD), and corneal radii (K1and K2). Recently, 
significant developments have been made 
leading to improvement in the visual outcome 
like modifications in IOL formulas and a more 
predictable IOL positioning.(2)(3) Newer devices 
such as laser partial coherence interferometry (PCI) 
and the low-coherence optical reflectometry (LCOR) 
are now available for a more accurate result.(4)(5) 

Ultrasound biometry
A-mode contact ultrasound ocular biometry is the 
gold standard for measurement of AL and ACD. 
It consists of a special piezoelectric crystal that 
oscillates to generate a high-frequency sound 
wave. This wave then penetrates the eye and is 
reflected back from different tissues as echoes. 
The distance between the echo spikes provides 
an indirect measurement of axial length or lens  
thickness (LT).(1) 

Two types of ultrasound biometry include contact 
applanation biometry and immersion biometry. 
Applanation biometry being a contact procedure 
leads to corneal indentation and has a risk of 
transmitting infections. Immersion type biometry 
is considered to be more accurate because corneal 
indentation is prevented. 

Optical biometry
Optical biometry allows accurate assessment of the 
AL as well as keratometry for IOL power calculation 
with the desired IOL formula. This method is 
increasingly becoming popular, as it is rapid, easy 
to use, and a non-contact method. The differences 
between ultrasound and optical axial length 
measurement are given in table 1.

Table 1: Difference between AL measurement 
using A scan and IOL master

A scan IOL Master

Signal 
transmission

Ultrasound 
waves

Laser 

Measurement From corneal 
apex to the 
internal limiting 
membrane.

Measures the 
anatomic axis.

From second 
principal plane of 
the cornea to the 
photoreceptor 
layer of the 
fovea. 

Measures the 
visual axis.

Contact 
procedure

Contact Non contact

Accuracy Less resolution

Approximately 
0.10- 0.12 mm 
[15]

Better resolution 
and more 
accurate

Approximately 
0.012 mm [15]

IOL Master 
Carl Zeiss Meditec first introduced IOL Master 500 in 
1998. (figure-1) It measures the distance from the 
corneal apex to the retinal pigment epithelium. 

It is based on the principle of partial coherence 
interferometry. It uses a 780 nm laser diode infrared 
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light to measure AL. It measures the time required 
for the infrared light to travel to the retina. The ACD 
is measured from the corneal epithelium to anterior 
lens capsule through a lateral slit-illumination, 
and the anterior corneal curvature is calculated 
at 6 reference points in a hexagonal pattern at 
approximately the 2.3 mm optical zone. 

Recently introduced advancement of IOL master is 
the IOL master 700. (figure-2) This is based upon 
the principle of swept source optical coherence 
tomography (OCT) based biometry to obtain two-
dimensional images of ocular structures of the 
anterior and posterior segments of the eye.(6) It uses 
a tunable laser [1055 nm]. It has the advantage of 

measuring LT and corneal thickness. It enables OCT 
imaging and visualisation across the entire length of 
the eye. It allows the surgeon to view the complete 
longitudinal section of the eye and may identify 
irregular eye geometries, such as lens tilt. Additionally, 
it provides real-time imaging of the fovea to confirm 
accurate fixation during measurements. (figure-3) It 
also uses telecentric keratometry for corneal power 
measurements, similar to the IOLMaster 500. It also 
has an integrated Barrette suite. The agreement 
between the two devices has been reported to be 
excellent but IOLMaster 700 was found to be more 
effective in obtaining biometric measurements in 
eyes with posterior subcapsular and dense nuclear 
cataracts.the differences between IOL master 500 
and 700 are given in table 2.(7)

Figure-1: IOL Master 500

Figure-3: IOL master 700 showing foveal image

Figure-2: IOL master 700

Table 2: IOL Master 700 vs. 500

Parameters 500 700

AL 
measurements

PCI Swept 
source OCT

LT and central 
corneal thickness 
(CCT)

Not Available Possible 

ACD 
measurements

Optical section 
through the 
anterior chamber 
by means of a 
slit-illumination 
system

Swept 
source OCT 
images

Not possible in 
Pseuodophakic 
eyes

Possible 

Prone to error More 
accurate 

Identify irregular 
eye geometries

Not possible Possible 
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Parameters 500 700

Dense PSC/dense 
cataracts.

Innacurate 
measurement

Accurate 

Patients with poor 
fixation, irregular 
eye geometries

Innacurate Useful 

Various advantages of IOL master include:

1. It is an integrated device, which measures 
axial length, keratometry and intraocular lens 
power calculation with wide range of options 
for calculating power.

2. All measurements are done along the visual 
axis for accurate axial length measurement. 
So, it is useful even in cases of staphyloma, 
pseudophakics, eyes filled with silicone oil 
and patients with phakic lens.

3. Faster acquisition time. Both keratometry and 
axial length can be measured simultaneously 
in the dual mode. Different modes can be 
changed automatically and is user independent.

4. Patient comfort since the measurements are 
distance independent. It is therefore useful in 
patients with poor fixation. 

5. Higher success rate compared to other 
devices, as there is better cataract penetration. 
The signal to noise values is also increased 
thereby increasing the reliability. It should be 
more than 2.0.

6. The IOL master can be integrated with 
CALLISTO eye for better management in the 
operating room. It helps in toric intraocular 
lens alignment without marking the cornea. It 
can also be connected with A scan ultrasound 
device for quick axial length measurement.

Lenstar 
LenStar LS900 is a high-resolution non-contact, 
non-invasive optical biometry device. It was first 
introduced in 2009 by Haag-Streit manufacturer 
and became the first optical biometry device, which 
could measure crystalline lens thickness. It is based 
upon optical low-coherence reflectometry (OLCR) 
and uses an 820 nm superluminescent diode with 
a Gaussian-shaped spectrum, which allows a higher 
axial resolution.(5) 

In addition to AL, it measures central corneal 
thickness (CCT), as well as LT leading to a longer 
acquisition time as compared to IOL master.(8) 

Lenstar measures ACD from the corneal endothelium 
to the anterior lens surface. It can also measure 
LT and retinal thickness, as well as the size and 
centricity of the pupil. Keratometry is considered 
to be more accurate since it analyzes the anterior 
corneal curvature at 32 reference points oriented in 
2 circles at approximately 2.30 mm and 1.65 mm 
optical zones. The horizontal iris width (white-to-
white) and pupil diameter are measured by fitting 
the best circle with the lowest error square to the 
detected.(5)

Recent advances integrated with Lenstar 900 
include:

•	 Precise	 measurement	 technique	 in	
combination with the unique Hill- Radial Basis 
activation Function (RBF) method provides 
accurate prediction of IOL power. 

•	 Dual	zone	keratometry	and	T-cone	topography	
provides precise astigmatism and axis 
measurement. The integrated Barret Toric 
calculator allows for toric IOL planning. 

•	 Barrett	 True-k,	 Shammas	 No-History	 and	
Masket IOL calculation methods can be used 
for post-refractive patients without any clinical 
history available.

•	 The	Dens	Cataract	Measurement	(DCM)	Mode	
ensures state-of-the-art cataract penetration. 

•	 The	 Automated	 Positioning	 System	 (APS)	
features dynamic eye-tracking allowing easy 
automated measurement acquisition with a 
single click.

•	 Allows	accurate	calculation	of	the	lens	position	
independent of the corneal status of the eye. 
With its unique concept of the C-Constant, the 
Olsen formula calculates the postoperative 
lens position as a fraction of the crystalline 
lens thickness and the ACD.

Various advantages include:

1. Dense Cataract Measurement Mode (DCM) 
allows penetration through dense cataract 
and allows biometry in aphakic, pseudophakic 
or silicone oil-filled eyes.

2. When planning for toric or premium IOLs, 
the Pro version of the LS900 can be used to 
measure 6-mm optical zone with the option 
of adding T-cone Toric Platform, a double-ring 
placido disk topographer, which improves 
refractive outcomes.
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3. Lenstar Pro version has Automated Positioning 
System (APS) that tracks eye movement to 
capture reliable measurements in one click. 

4. It is patient-friendly and high-speed device 
with each scan capturing all measurements 
in 30 seconds.3

5. It helps in determination of the appropriate 
IOL power by including the modern IOL 
formulae like: Barrett Universal II, Barrett 
True-K, Haigis, Hoffer Q, Holladay 1, SRK/T, 
SRK II, Masket, Modified Masket and Shammas 
No-history, Hill RBF methods. The option 
of EyeSuite IOL toric planner software also 
includes the Barrett Toric Calculator.

6. It has excellent intra- and intersession 
repeatability and good accurcay, comparable 
with the IOLMaster and ultrasonic biometry.

7. It uses a separate external PC, which allows 
good memory for storage and enables regular 
software updates. 

IOL Master and Lenstar LS 900 are reported to 
be in good agreement in terms of mean AL, ACD, 
and K readings.(5)(8)(9)(10)(11)(12)(13) The basic 
differences between the two are given in table 3. 

Table 3: Difference between lenstar and IOL master

Lenstar IOL master

Manufacturer Zeiss Haag- Streit

Principle Optical low 
coherence 
reflectometry

Partial coherence 
interferometry

FDA approved October 2009 March 2000

Laser used Superlumi-
nescent diode 
(820 nm)

Infrared diode 
laser (780 nm)

Measurement Dual zone 
keratometer 
with a total 
of 32 marker 
points on two 
concentric rings 
of 1.65 mm 
and 2.3 mm in 
diameter

It measures the 
relative position 
of six spots on 
the cornea. These 
are projected 
in hexagonal 
pattern with a 
diameter of 2.5 
mm

Pupillometry Can be 
measured

Can’t be 
measured

Lens 
thickness

Can be 
measured

Can’t be 
measured

Central 
corneal 
thickness

Can be 
measured

Can’t be 
measured
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Terrien’s Marginal Degeneration: An overview

Manthan Chaniyara

Introduction:
Terrien’s marginal degeneration (TMD) was first described in detail by Terrien as a bilateral marginal thinning 
disorder of cornea. Though it is generally classified as a degenerative corneal condition, rarely it may be 
associated with inflammation in the form of scleritis or episcleritis. [1-2]

Epidemiology:
Terrien’s marginal degeneration (TMD) is an 
uncommon corneal degenerative condition. All over 
incidence is not known. It is bilateral in 86% of cases 
but may be asymmetrical. It is commonly seen in 
males between 20 to 40 years of age with the male 
to female ratio of 3:1. [3-4]

Etiopathogenesis:
Even many years after its first depiction, knowledge 
about its etiopathogenesis, progression till remain 
very restricted.[1]

Clinical features:
TMD is a rare, non-inflammatory, slowly progressive, 
peripheral corneal degenerative condition of 
unknown etiology. It begins commonly at the 
superior limbus as perilimbal corneal opacity 
resembling gerontoxon that progresses very slowly 
over the decades. In some cases, it may take even 
30 years to become significant. Classically, TMD 
is a non-inflammatory degenerative condition; a 
variant of it seen typically in young males that may 
be associated with ocular inflammation in the form 
of scleritis or episcleritis. It may be associated with 
pseudopterygium in about 20% of the cases that 
can be clinically differentiated from true primary 
pterygium by its oblique location other than 3 and 
9 o’clock position with a flat and broad head as 
compared to pointed end in true primary pterygium. 

All over the incidence of perforation is 15% in TMD 
cases.[2-7]

Telltale corneal signs on slit lamp examination in a 
case of TMD include crescent-shaped corneal opacity, 
associated thinning, superficial vascularization, and 
lipid deposition in anterior corneal stroma near the 
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Figure 1. Slit lamp photograph of a patient with TMD
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inner leading edge. There is often a clear corneal 
zone between the corneal lesion and the limbus. 
Corneal thinning typically starts with a gentle 
downward slope near the limbus and ends with a 
rapid steep rising at leading inner edge. Vessels 
travel radially across the lesion and looped back 
towards the limbus from the inner leading edge 
where lipid deposition is usually visible as a linear 
solid yellowish line. [3,8] (Figure 1).

Characteristic topographic features include 
flattening over the peripheral thin area with relative 
steepening at 90 degrees away from the midpoint 
of the peripheral thin area. As TMD usually starts at 
the superior limbus, against-the-rule astigmatism 
usually seen. [8,11]

Histology features:
Histological features include intact epithelium 
in all the stages of the disease, abnormal 
basement membrane, vascularization along with 
lipid deposition in anterior stroma, and normal 
Descemet’s membrane. Though Descemet’s 
membrane generally does not get affected 
in TMD, rarely it gets rupture spontaneously 
resulting in hydrops in TMD with intrastromal cyst 
formation or trabeculectomy like filtering bleb  
formation.[6,9,10]

Staging system:

Süveges staging system for TMD [5]

Stage 1 Marginal opacification similar to  
gerontoxon with peripheral 
vascularization.

Stage 2 In addition to the stage 1 features, 
initiation of the corneal thinning occurs 
parallel to the corneoscleral limbus.

Stage 3 Thinning of the cornea progresses but not 
reaching to the center of the cornea. In 
this stage complication like spontaneous 
or traumatic perforation may occur.

Stage 4 Thinning extends to the central area of 
the cornea.

Stage 5 Opacification of the central part of the 
cornea occurs. This stage is very rare 
because perforation occurs earlier.

A major pitfall of this staging system is that it is 
based on the width of the corneal involvement rather 
than the thickness of the cornea. In many cases, 
the cornea becomes to thin peripherally and gets 
perforated before reaching to the central part of the 
cornea. Hence, It may not be a good indicator of the 
risk of perforation and need for surgical repair.

Recently, Wang et al [12] have given a new staging 
system for TMD based on corneal curvatures and 
corneal thickness detected by optical coherence 
tomography. It offers an objective method for 
monitoring the progress of TMD.

Wang staging system for TMD

Stage
Anterior 

Curvature
Posterior 
Curvature

Thinnest 
corneal 

thickness
1 Normal Normal > 0.56 mm

2 Concave Normal
> 0.41 to < 

0.56 mm

3 Concave
Bowed 
forward

> 0.24 to < 
0.41mm

4 Normal
Bowed 
forward

> 0.13 to < 
0.24 mm

5
Bowed 
forward

Bowed 
forward

< 0.13 mm

6
Cornea 

perforted
= 0

Figure 2. ASOCT image of a patient with TMD
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Differential diagnosis:
1. Pellucid marginal degeneration

2. Marginal furrow degeneration

3. Mooren’s ulcer

4. Keratoconus

5. Juvenile arcus

6. Fuchs superficial marginal keratitis

7. Staphylococcal marginal keratitis

Management
Diagnosis of TMD is based on typical slit lamp 
examination findings and corneal topography. 
Various investigations like in vivo confocal 
microscopy and ASOCT can be used for monitoring 
of the disease. Recently, ASOCT is used also for the 
staging of TMD. [12] (Figure 2)

As such, there is no well-established guideline for 
the management of TMD. In the early stage of TMD 
with minimal thinning and astigmatism, it can be 
managed conservatively with spectacles or contact 
lenses. Toric soft lenses and spherical and toric 
rigid contact lenses can be used initially to improve 
vision. As the condition progresses, mini-scleral 
or scleral contact lens designs may be beneficial. 
Eccentric epithelium-off corneal collagen cross-
linking with standard Dresden protocol has been 
found to be effective in progressive TMD but it 
required a larger study to justify its efficacy. When 
conservative management fails due to very high 
astigmatism or if there is a risk of perforation due to 
extreme thinning surgery is indicated. Full thickness 
or lamellar crescentic graft can be used to provide 
tectonic support. ‘Copy and Fix’ technique can be 
used for proper matching of the crescentic graft. With 
keratoplasty progressive increase in astigmatism 
can be arrested up to 20 years. [13-17]
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Tests for Dry Eye

Nawazish Sheikh

Definition of dry eye
According to TFOS (Tear Film & Ocular Surface 
Society ) DEWS II, dry eye is a multifactorial disease 
of the ocular surface characterized by a loss of 
homeostasis of the tear film, and accompanied by 
ocular symptoms, in which tear film instability and 
hyperosmolarity, ocular surface inflammation and 
damage, and neurosensory abnormalities play 
etiological roles.[1] 

Diagnosis
The tests can be broadly classified into. Table 1 
highlights the various tests that can be used to 
assess the different aspects of the tear film.

1. Quantitative tests

2. Qualitative tests

Quantitative tests

A) Tear break-up Time test (TBUT)[2]

 It only establishes the tear film instability.

 Method: After instilling 2% Fluorescein stain into 
the inferior fornix, the patient is asked to blink a 
few times and observed under the cobalt blue 
filter of the slit lamp. The time interval between 
the last blink and the appearance of the first 
randomly distributed discontinuity in the stain is 
taken as the Tear break-up Time (TBUT).

 Any value less than 10 seconds is considered 
abnormal. Recurrent break-up of the tear film 
in the same area may indicate localised surface 
abnormalities.

 Interpretation: Decreased Tear break-up time 
is seen in aqueous tear deficiency as well as in 

patients with Meibomian gland dysfunction.

 Other Modalities:

i) Non-fluorescein noninvasive[3] tests for tear 
break-up time utilise reflective devices via 
which a grid is projected onto the cornea. 
Time duration for the distortion of the grid is 
measured and the values are slightly higher.
Intruments such as Tearscope-Plus can be 
used for the same.

ii) Quantified amount of 1% Sodium Fluorescein 
is instilled into the conjunctival sac and video 
recording is done for the first randomly 
distributed corneal dry spot. Values less than 
7 seconds are considered abnormal.

iii) Ocular Protection Index: It is the ratio of the 
tear film break up time over the inter-blink 
interval. Values below 1 are indicative of tear 
film instability and dry eye disease. 

B) Schirmer’s Test: Uses Whatmann Filter Paper 
No:41 and has the following test variations :

i) Schirmer’s test I

 Method: No local Anaesthesia is used. 
Whatmann filter paper no: 41 is placed at the 
junction of the medial 2/3rd and the lateral 
1/3rd of the lower fornix, such that it doesn’t 
touch the cornea. The patient is asked to sit 
patiently with normal blinking (Schirmer’s 
described the open eye technique). The 
wetting of the filter paper is measured at the 
end of 5 minutes. Measures the total tear 
production (basal and reflex tear production)

 Interpretation: The wetting of the filter 
paper is measured in millimetres at the end 
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of 5 minutes or if there is complete wetting, 
then the time taken for total wetting of the 
filter paper is taken into consideration. A 
value less than 10mm at the end of 5 minutes 
is considered abnormal. 

 Limitations: High variability and Poor 
reproducibility along with long duration of the 
test. 

 Modification of Schirmer’s I

 Method: Instillation of 0.5% Proparacaine 
Hydrochloride followed by blotting of excess 
local anaesthetic from the cul-de-sac before 
placing the filter paper strips. It measures the 
basal tear secretion. 

 Interpretation: Values less than 10mm at the 
end of 5 minutes are considered abnormal. 

ii) Schirmer’s Test II

 Method: Tear secretion is measured using 
the strip following nasal stimulation.

 Interpretation: It measures the reflex tear 
secretion and a wetting of the strip less than 
10 mm at the end of 5 minutes is considered 
abnormal.

C) Phenol red thread test[4]

 Method: 75mm thread impregnated with phenol 
red is placed in the lateral 1/3rd of the lower lid 
for 15 seconds. Due to alkalinity of the tears, 
there is a colour change from white to red. The 
red portion of the thread is measured.

 Interpretation: Values less than 10mm are 
abnormal. Phenol red thread test is equally 
sensitive for diagnosis of dry eye when compared 
to Schirmer’s but has the advantage of being 
simpler, less reflex tearing and shorter duration 
of the test.

D) Staining of the ocular surface using vital 
stains

 Most commonly Fluorescein stain (2%) is used. 
It stains the denuded corneal epithelium. Other 
stains used are Rose Bengal which stains dead 
and devitalized epithelial cells and areas devoid 
of mucin. RB stain can produce stinging and 
is known to be epitheliotoxic. Lissamine green 
stains healthy epithelial cells devoid of mucin 
and also dead and degenerated epithelial cells. 
The following grading schemes maybe used to 
grade the ocular surface staining.

1) Van Bijstervald scoring system divides the 
ocular surface into three zones

a) Nasal bulbar conjunctiva

b) Cornea

c) Temporal bulbar 
conjunctiva

 Each zone 
is scored for 
severity ranging from 0 (no stain) to 3 
(confluent staining)

 A score of >3.5 is considered abnormal.

2) National Eye Institute workshop grading
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3) Objective assessment of corneal staining 
using digital image analysis.[5] It involves 
analysis using colour extraction and the 
occupied area by staining. It was found to 
have excellent correlation with oxford and NEI 
staging with excellent repeatability

E) Fluorescein Clearance Test[6]

 Aliquot of 5 microlitre of Fluorescein (0.25%) is 
instilled on the conjunctiva and residual dye in 
the schirmer’s strip is measured at intervals if 1 
minute, 5 minutes, 10 minutes, 20 minutes and 
30 minutes. A value of 3mm or greater at the first 
10 min interval is normal. Delayed clearance of 
more than 20 minutes is seen in patients with 
dry eye. It can also help determine the efficacy of 
punctal occlusion. It tests both the tear secretion 
and drainage.
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F) Tear function index

 The tear finction index is determined by dividing 
Schirmer test with anesthesia by the clearance 
rate. A score of less than 96 indicates dry eyes and 
an index score less than 34 points to Sjogren’s 
syndrome. However the test is time consuming 
and the index fails to account for the tear loss 
due to evaporation

G) Tear Meniscus height

 Can be subjectively measured using the slit lamp, 
using one capable of measuring micrometers. 
Objective measurement of the tear miniscus 
height can be made using instruments such as 
Tearscope-Plus. The normal values range from 
0.2-0. Mm while values less than 0.2 mm are 
suggestive of dry eye.

Qualitative tests

1) Tear Osmolarity [7,8]

 Normal value is around 302 +/- 8 miliosmole/litre. 
In patients with dry eye disease, hyperosmolarity, 
i.e values higher than 318 mOsm/L is seen. It 
has a sensitivity of 73% and a specificity of 92% 
for dry eye disease. The TearLab osmoloarity can 
used to to quantify the tear osmolarity values.

2) Assessment of tear proteins

a) Lyzozyme is decreased in patients with 
aqueous tear deficiency dry eye disease and 
is also seen in inflammatory conditions. 
Values are measured using the lysis of culture 
of Micrococcus Lysodeikticus

b) Lactoferrin is measured using 
radioimmunoassay. Decreased levels are 
found in aqueous deficient dry eye disease. 

c) Raised levels of inflammatory biomarkers 
such as MMP-9 can also help detecting dry eye 
disease early. InflammaDry Detector (Rapid 
Pathogen Screening Inc, Sarasota, FL, USA) 
has been found to have good sensitivity and 
specificity for the same.

3) Tear ferning [9]

 Tear samples are dried on a clean glass slide 
and measured under the microscope. Ferning 
patterns range from uniform arborisation to 
amorphous pattern. Basically act as a qualitative 

test to measure the composition of the tears 
(electrolyte composition).

4) Presence of Meibomian Gland dysfunction

 Objectively using either a contact or a non-contact 
meibography. Meibography implies the invivo 
assessment of the meibomina gland morphology. 
The older contact meibography test was done 
using probe to illuminate the skin side of the 
lower lids and then observing the silhouettes of 
the glands. The newer non contact meibography 
a slitlamp biomicroscope, video camera and 
infrared filter to study the gland morphology. 
Meiboscore, introduced by Arita et al in 2008 is a 
scoring system in which each eyelid is examined 
for meibomian gland loss and scored from grade 
0 (no loss of meibomian glands) through grade 3 
( the area of loss more than two thirds of the total 
meibomian gland area). 

5) Lid-Parallel Conjunctival folds [10]

 Temporal conjunctival folds are analysed and 
graded from degree 0 to degree 3 according to 
Hoh et al and is comprised of measuring the size 
of the conjunctival fold with the tear meniscus 
height and also the number of individual 
conjunctival folds present.

 Degree 0: No permanently present fold

 Degree 1: Single small fold in the primary eye 
position which appears smaller than the normal 
tear meniscus height

 Degree 2: Multiple conjunctival folds upto the 
height of the normal tear meniscus

 Degree 3: Multiple conjunctival folds higher 
than the normal tear meniscus 

6) Interferometry

 Interferometry is used to analyse the lipid layer 
of the tear film. Its is based on the principle of a 
light source being projected on to the tear lipid 
layer and the interefererce images so obtained 
are studied to asses the quality of th elipid layer. 
Instruments such as Tearscope and LipiView can 
be used for the same. An abnormal lipid layer 
is considered to indicative of meibomiain gland 
dysfunction.
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Table 1. 
Tests for assessing the ocular tear film

Tests for TearFilm stability

•	 Tear	film	break	up	time

– Invasive

– Noninvasive 

•	 Tear	film	interterferometry

Tear secretion assessment tests

•	 Schirmer

– With anesthesia

– Without anesthesia

Tear clearance assessment

•	 Fluorescein	clearance	test

•	 Tear	function	index

•	 Fluorophotometry	

Ocular surface damage assessment

•	 Corneal	and	conjunctival	staining

•	 Corneal	and	conjunctival		cytology	

Lipid layer assessment

•	 Precorneal/meibomian	grading	

Others

•	 Tear	osmolarity	test

•	 Patient	subjective	symptom	questionnaires
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Rare causes of Explantation of 
Implantable Collamer Lens

xxx

Phakic IOL implantation has been found to be safer 
than excimer laser surgical correction in cases 
with moderate to high myopia, with better contrast 
sensitivity as well as better patient satisfaction 
and preference.[1] It also carries a lesser chance 
of loss of best spectacle corrected visual acuity as 
compared to excimer laser ablation.1 Implantable 
collamer lens (ICL) (Visian, STAAR Surgical 
Co., CA, USA) is a posterior chamber phakic 
intraocular lens (pIOL) that received FDA approval 
in 2005 for the correction of moderate to high  
myopia.[2]

Safety and success of ICL implantation depends 
on adequate vaulting, and extremes of vaulting 
are associated with an increase in the incidence of 
complications such as anterior subcapsular cataract 
and glaucoma.[3-6] These complications may lead 
to the need for explantation of the ICL which may be 
severely debilitating for the patient. 

We herein report a few rare indications of ICL explant 
in our institution and their visual and anatomical 
outcomes.

Surgical technique for ICL explant
A 2.2 mm temporal corneal incision was created 
using a keratome along with two 1.1 mm entries at 
90° and 240°. A cohesive OVD (Healon, AMO Inc., 
California) was injected both above and beneath 
the ICL to maintain the anterior chamber (AC) and 
protect the anterior lens capsule. The ICL haptics 
were manipulated in to the AC. The ICL was grasped 
at its temporal edge with the ICL holding forceps and 
pulled out from the 2.2 mm corneal incision. In cases 
that required a concomitant phacoemulsification, a 
coaxial phacoemulsification with IOL implantation 
was performed through the 2.2 mm corneal 
incision after ICL explant in the same sitting. The 
corneal wounds were hydrated with balanced  
salt solution.

Chipped Haptic
One case had a chipped haptic of the ICL during 
insertion. The trailing haptic was stuck in the cartridge 
leading to damage during insertion. The ICL was 
explanted immediately after insertion on noticing 
the chipped haptic. A new ICL was subsequently 
implanted after one week, due to unavailability of a 
replacement lens at the time of the first surgery. The 
postoperative course was uneventful with a UDVA of 
20/20 and vaulting of 545 microns. The lens was 
crystalline and there was no evidence of cataract till 
the last follow up.[7] 

Inverse ICL with rhegmatogenous 
retinal detachment and cataract
One case presented with inverse ICL implantation 
and anterior subcapsular cataract. The central vault 
was 22 microns. On fundus examination, an inferior 
rhegmatogenous retinal detachment involving the 
macula was observed. The ICL was explanted along 
with phacoemulsification and IOL implantation in 
the first stage. Subsequently, vitreoretinal surgery 
with silicon oil injection was performed after one 
week and the patient regained a CDVA of 20/70.[7]

Post-traumatic ICL dislocation with 
anterior subcapsular cataract
A 40 year male presented with post-traumatic ICL 
dislocation and anterior subcapsular cataract. 
The patient had sustained blunt trauma with a 
bottle leading to anterior chamber hyphema, 
anterior dislocation of the ICL and anterior 
subcapsular cataract. The retina was attached on 
B-scan ultrasonography. ICL was explanted and 
phacoemulsification with IOL implantation was 
done. After one month, the CDVA was 20/20.[7]

Shallow vault and recurrent uveitis
A 28 year old female presented with a shallow vault 
and recurrent uveitis. The patient had undergone 
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bilateral ICL implantation one year back. She 
presented with recurrent episodes of pain, redness 
and blurred vision in the left eye. On examination, the 
right eye had a vault of 100 microns with ICL in situ 
and crystalline lens. The left eye had circumciliary 
congestion and fine keratic precipitates were present 
on the corneal endothelium. Anterior segment 
inflammation with 2+ cells and flare was noted. 
The ICL was in situ with a vault of 72 microns. Mild 
anterior subcapsular cataract was present. The initial 
episodes of inflammation were treated conservatively 
with steroids and cycloplegics, however a decision 
was made to explant the ICL because of increasing 
severity and frequency of the inflammatory episodes. 
Minimal anterior subcapsular cataract was present; 
hence concomitant phacoemulsification was not 
done. The postoperative CDVA was 20/20. Since 
the fellow eye had ICL in situ, a contact lens was 
prescribed for the visual rehabilitation of the left 
eye.[7]

Acute postoperative endophthalmitis 
A 29 year old male presented with acute 
postoperative endophthalmitis in the right eye five 
days after implantation of implantable collamer lens 
(ICL). Intravitreal antibiotics (vancomycin 1mg/0.1ml 
+ piperacillin-tazobactam 225 µg/0.1ml) were 
administered. There was minimal improvement after 
48 hours; hence the ICL was explanted and repeat 
injection of intravitreal antibiotics was administered. 
Following this, the endophthalmitis resolved and the 
patient achieved a CDVA of 20/25 after one month. 
A repeat implantation of ICL was done nine months 
after the first surgery following which the patient 
regained UDVA of 20/20.[8]

Discussion
Phakic IOL implantation is a safe and effective method 
of refractive correction in cases with moderate to high 
myopia. An ICL explantation may rarely be needed 
in the event of complications. Surgical expertise is 
essential in this refractive surgery to prevent undue 
complications. Our series had one case of chipped 
haptic and one case with inverse ICL implantation, 
both of which are avoidable surgical complications. 
Endophthalmitis after pIOL implantation is a rare 
but debilitating complication, with an incidence of 1 
case per 6000.[9] Timely intervention is the key to 
minimise damage, and intravitreal antibiotics along 
with ICL explantation helped in successful resolution 
of the endophthalmitis in our case with preservation 
of the CDVA. 

As per the current literature, the indications for ICL 
explantation have been related to inappropriate 
vaulting and its consequences.[10-12] A low vault 

predisposes to cataract formation whereas an 
excessively high vault leads to raised IOP. Both these 
scenarios may necessitate ICL explantation with 
or without concomitant cataract surgery. We have 
herein reported few rare indications for ICL explant 
and optimal visual and anatomical outcome may be 
achieved in these cases.
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