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Simplifying and understanding various topographic indices for keratoconus
using Scheimpflug based topographers

Kumar Doctor, Krishna Poojita Vunnava®, Rushad Shroff, Luci Kaweri®, Vaitheeswaran Ganesan Lalgudi*,
Krati Gupta®, Gairik Kundu*

Keratoconus (KC) is a progressive ectatic corneal disorder. There are multiple topographic devices and
their varied indices used for diagnosis, detecting progression, and deciding management. It is important
to understand the repeatablility, intra- test variabililty, and comparability amongst various topographic
devices. The Scheimpflug camera-based devices, such as the Pentacam (Oculus, Wetzlar, Germany), DOI:
Galilei (Ziemer, Biel, Switzerland), and Sirius (Costruzione Strumenti Oftalmici, Florence, Italy) are
known to assist in the detection of early keratoconus and subclinical keratoconus. This article reviews
the various Scheimpflug camera-based devices in depth, addressing their different indices, diagnostic
accuracy, repeatability, and agreement and identifying the strongest parameter of each device. It will guide
the practicing clinician by giving practical tips for decision making in the diagnosis and management of

keratoconus.
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Keratoconus (KC) is a progressive ectatic corneal disorder
affecting mainly the adolescent age group. A thorough
slit-lamp examination supplemented with retinoscopy,
detailed documentation of refractive error, and corneal
topography helps in the diagnosis of KC. In early cases of
keratoconus, the classical slit-lamp signs may not be visible in
early stages and hence corneal topography is the most reliable
diagnostic tool.>*!

In 1980s, the placido disk-based corneal topography devices
were introduced that helped in diagnosing the condition, even
before the clinical signs were appreciated on the slit lamp. It
further paved way for the technological advancement in the
diagnostic devices for KC.! These devices are based on the
principle of projection and a series of illuminated mires are
projected onto the cornea to capture the scans.P! It calculates
corneal curvature depending upon the distortion and size of
the mires.

Despite these technological advancements, there were still
large lacunae in these devices with respect to the measurement
of the posterior corneal curvature and providing an accurate
thickness map./®! Rotational Scheimpflug imaging and
optical coherence tomography have the ability to image the
cornea in three dimensions and have led to an improved
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pachymetric mapping, better visualization of posterior cornea
and introduction of elevation based topography™® All of these
have led to more accurate and early detection of KC. Various
Scheimpflug camera-based devices that are available today
are, Pentacam (Oculus, Wetzlar, Germany), Galilei (Ziemer,
Biel, Switzerland) and Sirius (Costruzione Strumenti Oftalmici,
Florence, Italy).”

In this article we have reviewed the various Scheimpflug
camera-based devices and have identified their strongest
diagnostic parameter. We have also Compared their indices,
diagnostic accuracy, repeatability, and agreement to guide the
practicing clinician in decision making in the diagnosis and
management of keratoconus.

Topographics Indices

Specifications of three Scheimpflug topographers and their
comparison is shown in the table below [Table 1].

Topographic Indices of Pentacam

1) Belin-Ambrésio enhanced ectasia display total deviation
value (BAD_D) is a multivariate Index that integrates
anterior elevation, posterior elevation & the pachymetric
data. It gives a complete overview of the corneal shape and
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is therefore a quick and effective screening tool for refractive
patients.

The Belin/Ambrosio Enhanced Ectasia Display I presents
anterior and posterior elevation data relative to standard best fit
sphere (BFS) calculated at a fixed optical zone of 8.0 mm and also
anterior and posterior elevation data relative to the ‘enhanced
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Figure 1: Represents Anterior & posterior elevation data relative to
standard BFS calculated at fixed optical zone 8.0 mm. Anterior &
Posterior elevation data relative to the ‘enhanced reference surface”
calculated by determining the BFS from central 8.0 mm zone after
excluding all the data from a 3.5-4 mm optical zone centered on thinnest
pachymetry of cornea
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Figure 2: (a) Diagrammatic representation of the exclusion zone
calculated in the Belin/Ambrésio Enhanced Ectasia Display which is
determined by the magnitude of astigmatism and not selected by the
operator. Anterior & Posterior elevation data relative to the ‘enhanced
reference surface” calculated by determining the BFS from central
8.0 mm zone after excluding all the data from a 3.5-4 mm optical
zone centered on thinnest pachymetry of cornea. (b) Diagrammatic
representation showing the difference in elevation values between
the standard Best Fit Sphere and the enhanced Best Fit Sphere in
normal and ectatic corneas, thereby enhancing the subtle elevation
changes of early ectasia which can be missed by using the standard
best fit sphere

Table 1: Specifications of three scheimpflug topographers and their comparison

Topographer Pentacam Galilei

Sirius

Principle
Acquisition speed
Points mapped

Single scheimpflug
25 scan images in 2 sec
25,000 points

Dual scheimpflug with placido

25-50 scan images in 2 sec
122,000 points

Single scheimpflug with placido
25 scan images in 2 sec
21632 anterior and 16000 posterior points
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Figure 3: (a) (blue box) Corneal Thickness Spatial Profile (CTSP)-progressive thickening of the cornea from thinnest point to periphery. (Red box)
Percentage Thickness Index (PTI)-percentage of progression of thickness from the thinnest point of the cornea to periphery. (Purple box) Five
differential parameters-change in anterior elevation from standard to enhanced reference surface (Df), change in posterior elevation (Db),
corneal thickness at thinnest point (Dt), thinnest point displacement (Da), pachymetric progression (Dp). (green box) Pachymetric progression
index (PPI)-change in corneal thickness over all 360 degrees of cornea. (b) (Red box) denoting the Indices of Irregularity of Cornea ISV, IVA, K,
CKIl, IHA, IHD & Rmin (details in the text)



December 2020

Doctor, et al.: Topographic indices for Keratoconus 2735

reference surface” calculated by determining the BFS from central
8.0 mm zone after excluding all the data from a 3.5-4 mm optical
zone centered on the thinnest part of the cornea [Fig. 1]. The
exclusion zone is determined by the magnitude of astigmatism
and is not selected by the operator [Fig. 2a]. Finally, it calculates
the difference in elevation values between the standard BFS and
the enhanced BFS which differentiates between normal and
ectatic corneas [Fig. 2b].E!

The second component comprehensively evaluates
pachymetric values along 22 concentric rings with 0.4 mm
incremental increase in diameter centered on the thinnest
point. Corneal Thickness Spatial Profile (CTSP) graphical
[Fig. 3a, blue box] represents the progressive thickening of
the cornea from the thinnest point to periphery along these
concentric rings and percentage of increase in thickness from
the thinnest point to the periphery depicted by Percentage
Thickness Index (PTI) [Fig. 3a, red box]. In CTSP and PTI
display central line is the average progression derived from
normal population and 95% confidence interval is denoted
by upper and lower black lines. The measured corneal data
are denoted in red. Ectatic corneas show a more rapid and
abnormal progression of corneal thickness from thinnest
pachymetry to the periphery. This aids in differentiating a
normal thin cornea from cornea with early ectatic disease.®!

Belin/ambrosio enhanced ectasia display II reports five
differential parameters individually that denote the standard
deviation from the mean of normative database [Fig. 3a,
purple box]. They are changes in anterior elevation from
standard to enhanced reference surface, changes in posterior
elevation, corneal thickness at the thinnest point, thinnest
point displacement, and pachymetric progression {Df (front),
Db (back), Dp (pachymetry progression), Dt (thinnest value),
and Da (thinnest displacement)}. Final “D” is calculated by
considering all 5 parameters and performing a linear regression
analysis against a standard database of normal and KC corneas.
These values are color-coded based on their standard deviation
from the mean in the following way: white when the values
<1.6 SD, yellow when >1.6 SD and red in cases where values
>2.6 SD. Sometimes, an individual parameter(s) may fall
outside the norm and the final overall comprehensive reading
can be normal.®

BAD III added four additional parameters (K max, anterior
and posterior elevation at the thinnest point and Ambrdsio
relational thickness maximum (ART max) to original regression
analysis Additional individual parameters (steep and flat
simulated keratometry (K1 and K2) and Q value) not utilized
in regression analysis, were also added.”!

Corneal thickness
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Figure 4: Shape Indices seen on a Sirius Corneal Topographic Map (RMS, RMS/A, RMSf/A, RMSb/A). RMS is the deviation in regularity/
aberrations (characterized , rs, asphericity and Ax) of the corneal surface being examined from the best fit asphero-toric surface. RMS/A is
defined as root mean square per area, RMSf/A (um/mmz2) is calculated on the front or anterior surface of the cornea, RMSb/A (um/mm2) is
calculated on the back surface
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2) Pachymetric progression index (PPI)'*'? calculates
the change in corneal thickness over all 360 degrees of
the cornea. The progression value at each meridian from
the thinnest point is defined as Progression Index and the
average of all meridians is illustrated by PPI-Avg. PPI-Max is
the meridian with maximal pachymetric increase. PPI-Min is
the meridian with minimal pachymetric increase. (Mean and
standard deviation of PPI-Avg, PPI-Min and PPI-Max in a
normal population are 0.13 +0.33, 0.58 + 0.30, and 0.85 + 0.18,
respectively.™ A rapid rate of pachymetric progression
distinguishes ectatic cornea from normal. [Fig. 3a, Green box]

3) Ambrosio relational thickness is the ratio between the
thinnest point and PPL It includes ART max, ART min and
ART avg. The Cut-off value for the diagnosis of KC is 412
um for ART-Max.[" It is a validated diagnostic index that
distinguishes keratoconic eyes from normal eyes.!">"*) However
there is no consistent value for determining formefruste or Pre
keratconus.!'>14

Indices for irregularity of cornea are also seen in tabulated
format on the refractive map of Pentacam [Fig. 3b, red box].
These indices include:

4) Index of surface variance (ISV) is measured as the
standard deviation of individual sagittal radii from mean
curvature. It is an indicator of corneal surface irregularity. ISV
is a highly sensitive index in differentiating KC from normal
eyes. ISV >37 is abnormal (yellow) and ISV >41 is pathological
(red). Tt has also been found to be sensitive to monitor
progression of the condition."*

5) Index of vertical asymmetry (IVA, expressed in mm)
is the mean difference between superior and inferior corneal
curvature, the level of curvature symmetry with respect to
the horizontal meridian as the axis of reflection. IVA >0.28 is
abnormal, and >0.32 is pathological.™ It is highly sensitive
in differentiating keratoconus from normal eyes and highly
specific for pre-keratoconic corneas. It has been considered
second to BAD-D in terms of accuracy in predicting KC.!*3!

6) Keratoconus index (KI) is the ratio between mean radius
values in the upper half and lower half of cornea. KI >1.07 is
abnormal and/or pathological."! KI is an efficient diagnostic
test to discriminate normal eyes from clinical KC, thus a reliable
parameter for screening but has limited application in pre-KC
diagnosis.!3!

7) Central keratoconus index (CKI) is the ratio between
mean radius of curvature in a peripheral placido ring and mean
radius of curvature of central ring. It increases with the severity
of central keratoconus. A CKI >1.03 is considered abnormal
and/or pathological."! CKI is a valuable tool for diagnosis of
frank KC but not for pre-KC."!

8) Index of height asymmetry (IHA, expressed in um) is
the mean difference between corneal elevation in superior
hemisphere and inferior hemisphere in the horizontal
meridian. An IHA >19 is abnormal, and IHA >21 is
pathological .’ THA is based on corneal elevation and is thus,
a parameter with excellent diagnostic accuracy and sensitivity
for detection of KC. Its use in diagnosing early KC has been
found to be limited.!"”!

9) Index of height decentration (IHD, expressed in um)
measures vertical decentration of elevation data calculated

using Fourier analysis. on a ring with a radius of 3 mm.
IHD >0.014 is abnormal, and IHD >0.016 is pathological.”! It
has the potential to discriminates pre-keratoconus cases.['>!®!

10) Rmin is the smallest radius of sagittal/axial corneal
curvature. It denotes the maximum steepness of the cone.
Rmin <6.71 mm is abnormal and/or pathological.™

Topographic indices of Sirius topographer

1) Root mean square (RMS) is defined as the deviation in
regularity/aberrations (characterized rf, rs, asphericity and
Ax) of the corneal surface being examined from the best fit
asphero-toric surface. RMS/A is defined as root mean square
per area. Low values of RMS in the area signify that surface
of the cornea is regular. Higher values denote irregular
corneal surface. RMSf/A (um/mm?2) calculated on the front or
anterior surface of the cornea. Cut off values for keratoconus
suspect is 0.088 and for keratoconus is 0.13. RMSb/A
(wm/mm?2)-calculated on the back surface of the cornea. Cut
off values for keratoconus suspect is 0.212 and for keratoconus
is 0.269 [Fig. 4].
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r=1.5mm
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Figure 5: Diagrammatic Representation of Symmetry index of curvature
which measures the vertical asymmetry of the mean anterior tangential
curvature. Tangential curvature at a given point is measured by the
device as shown in the figure. Such a curvature is derived for circles
centered 1.5 mm on either side of Y axis and a difference between the
two is the symmetry index
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2) Symmetry index of curvature The Symmetry Index mm. SIf is an index which measures the vertical asymmetry:
of the curvature is defined as the difference of the mean  positive values indicate an inferior hemisphere steeper
anterior tangential curvature (expressed in diopters) of two ~ than the superior one, vice versa negative values indicate a
circular zones centered on the vertical axis in the inferior superior hemisphere steeper than the inferior one [Fig. 5].
and superior hemispheres. The two circular zones are SIb is also expressed in diopters and the index jump has
centered in (x =0 mm, y = #1.5 mm) and their radius is 1.5 opposite sign respect to the case air-stroma, the sign of the
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Figure 6: Keratoconus Screening Indices in Sirius topographic Map. Symmetry index front & back (SIf, SIb) measures vertical asymmetry,
positive values indicate an inferior hemisphere steeper than the superior, negative values indicate superior hemisphere steeper than the inferior.
Keratoconus Vertex front& back (KVf and KVb)-highest point of ectasia on the anterior and posterior elevation maps. Baiocchi-Calossi-Versaci
front & back (BCVf) and (BCVb) -presence of ectasia through analysis of coma and trefoil components of Zernike’s decomposition of elevations
in zones where keratoconus statistically arises
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difference is changed to keep the compatibility with SIf.
[Fig. 4].

3) Keratoconus Vertex front and back (KVf and KVb),
Anterior & Posterior keratoconus vertex: Highest point of
ectasia on the Anterior and Posterior Elevation Maps of anterior
and posterior corneal surface respectively [Fig. 6].

4) Baiocchi-Calossi-Versaci front and back index (BCVf)
and (BCVDb) evaluates the presence of an ectasia through analysis
of the coma and trefoil components of Zernike’s decomposition
of elevations in the zones where keratoconus statistically
arises. Based on the presumption that ectasia statistically
develops in a preferential direction (infero-temporal) and it
mainly manifests in coma, trefoil, spherical aberration. The
index BCV or vectorial BCV is the vectorial sum of BCVf and
BCVb. [Fig. 6]

Topographic indices of Galilei topographer

1) Asphericity asymmetry index (AAI), or Kranemann-Arce
index is the magnitude of difference between the maximum
negative best-fit toric aspheric (BFTA) reference surface
value and the maximum positive BFTA elevation value. It
indicates asymmetry in asphericity of the cornea. Higher
values signify increased rate of change curvature. Posterior
AATI calculated on posterior cornea, should be less than

20-25 micrometer (um).!'" [Fig. 7] Smadja et al. have found
higher sensitivity and specificity in the detection of KC
using AAI values from the posterior cornea (100 and 99.5%
respectively).?

2) The center/surround index (CSI) is a quantitative index
that measures the difference in corneal power of two arbitrarily
divided areas of cornea. CSI represents the difference between
the average corneal power of a central corneal area (3.0-mm
diameter) and average corneal power of annulus area (3.0-6.0
mm diameter) surrounding the central corneal area. CSI value
is low in normal corneas or corneas with regular astigmatism
and high in keratoconus. Thus, CSI is a sensitive index for
identification of central steepening. CSI has an excellent
diagnostic accuracy in distinguishing keratoconic from normal
eyes but has failed in diagnosing pre-keratoconus.! Cut off
for detecting keratoconus is 0.7 and cut-off value for detecting
pre-keratoconus is 0.9.!1

3) Differential sector index (DSI) describes the degree
of asymmetry present on the corneal surface. The corneal
surface is divided into eight sectors each of 45° and mean
axial keratometric power is calculated for each sector. The
maximum difference between any two sectors is defined as
DSI. It increases with increase in surface irregularity and
is a sensitive index for identifying peripheral steepening

Corneal Pachymetry [um]

FitZone 8.0 mm | R-BFS 6.04 mm
[um]
75

70
65

FitZone 8.0mm [RBFS7.55mm  SimK 13375
SimK 47.400 R 7.12mm
Wl FlatSimK (K1) 43120 176° R1 7.83mm
10 SteepSimK(K2)51.680  86° R2 653mm
¢ Astig 856D 86 e2() 1.34
Posterior Axial Curvature
MeanK -8210 R 487mm
Flatk 7210 167° R1 5.55mm
SteepK 9220  77° R2 434mm
Astig -2.020  77° €2(Q) 378
Total Corneal Power IOL (Ray Traced)
Mean TCPIOL 44,81 Central 4,630
Flat TCPIOL 40960 179° Mid 44.180
SteepTCPIOL 48.66D B9 Periph 43.120

Astig 7700 B9

o Thinnest 381um locationxy 0.56mm -0.58mm

Central 444um CCT  408um
Anterior Chamber and Biometry
WIW, N-T 12.66mm MeanAngle 37.8°
ACV  162mm? LT nfa
ACD 3.86mm AL nia

+ Pupil Diam 3.47mm
Kappa Dist 0.35mm
ACAngleN 39.5°

locationxy 0.33mm 0.13mm

ACAngleT 35.2°

ACAngleS 35.6° ACAngle| 40.8°
: Corneal Shape Asymmetry

> KPI 26.0% Kprob 50.9%
ClMIiaa 3510 PPK 74.0%

Total Corneal Zernike Coefficients

Defocus -0.270  0.36um
Astigmatism 5.330 6.9um 176.2°
Coma 0800  -1.0um 985
Trefoil 0.650 -0.8um 100.3°

Spherical 0.350 -0.51um

RMS Total 5450  7.08um

Figure 7: Galilei topographic map. Asphericity asymmetry index (AAl)-difference between maximum negative best-fit toric aspheric (BFTA)
reference& maximum positive BFTA elevation. Keratoconus prediction index (KPI)-probability of keratoconus by analyzing anterior corneal
topographic data. Cone location &magnitude index (CLMI)-steepest area of curvature & magnitude represents difference between steepest
area from remainder of the curvature map. Keratoconus Probability (Kprob)-sensitivity & specificity of reported KPI. Percentage probability of

keratoconus (PPK)-optimal threshold for detecting keratoconus
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DSI is a highly accurate index in the identification of
clinical KC but not reliable for early ectasia.’”! Cut off for
detecting keratoconus is 3.26 and cut-off value for detecting
prekeratoconus is 1.73.121

4) Opposite sector index (OSI) is equivalent to the greatest
difference in the mean axial keratometric power of any two
opposite sectors of 45 degrees. OSI is a valuable screening
index for KC but not for pre-keratoconus.™ Cut-off for
detecting keratoconus is 2.04 and cut-off value for detecting
pre-keratoconus is 1.85.12

5) Surface regularity index (SRI) is the summation of
power variation along 256 semimeridians on 10 central rings
over corneal surface. It analyses the local irregularities of
cornea. If SRI =0 it implies that the corneal surface is smooth.
It increases with increase in corneal surface irregularity and
a value <1.55 is normal. SRI is highly sensitive and accurate
for diagnosis of clinical keratoconus & pre-keratoconus

and is comparable to the BAD_D. values measured by the
Pentacam.

6) Irregular astigmatism index (IAI) describes variation
in axial power between central rings along any meridian.
Area-corrected keratometric power variations along every
meridian is calculated for the entire measured corneal surface,
the average of which is defined as IAL It has excellent accuracy
for diagnosis of KC.[I

7) Surface asymmetry index (SAI) is the difference between
the keratometric power of opposite points on 128 meridians.
SAl is the best parameter to distinguish clinical KC among all
Galilei indices."**!

8) Keratoconus prediction index (KPI)®! describes the
percentage probability of keratoconus by analyzing the
topographic data of anterior corneal surface. Parameters
included in KPI are simulated keratometry, CSI, DSI, OSI,
IAI SATand percent area-analyzed. KPI from 0 to 10% implies
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Figure 8: Case Example 1: Refractive Four Map of Pentacam showing steepening in the inferior part of cornea with high |_S asymmetry and
superior flattening on axial curvature map. The posterior elevation map showing non-significant elevation
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normal or suspicious corneas; KPI of 20 to 30% indicates
keratoconic or suspicious corneas & KPI >30% indicates
pellucid marginal degeneration (PMD).!"! It has also been used
to differentiate and diagnose various other causes of corneal
irregularity such as contact lens warpage, Radial Keratotomy,
Penetrating keratoplasty, etc [Fig. 7].12

9) Cone location and magnitude index (CLMI) characterizes
the steepest area of curvature. The magnitude represents
difference between the steepest area from the remainder of
the curvature map. CLMI is calculated based on M1 and M2.
M1 is calculated as the difference between all points outside
the circle and all points inside steepest 2 mm diameter circle
within central 8 mm diameter anterior curvature map. M2 is the
difference between all points outside the circle and all points
inside the second circle centered 180 degrees away in angular
position." The cut-off value for detecting clinical keratoconus
is 1.82] [Fig. 7].24

10) Keratoconus Probability (Kprob) relates to or
characterizes sensitivity & specificity of the reported KPI. It is
calculated from the statistical analysis on a series of normal &
keratoconic corneas. Kprob has an inverse relationship with
visual function.™ Cut-off value for K prob is 25.55 for clinical
keratoconus and 11.60 for pre-keratoconus] [Fig. 7].2"

11) Percentage probability of keratoconus (PPK) is
calculated from a validated equation incorporating CLMI
using axial data. It is defined as optimal threshold for detecting
keratoconus. Cutoff value for clinical KC is 45.0% & for
pre-keratoconus is 20.0%. It is however inefficient in diagnosing
pre-keratoconus] [Fig. 7].1)

Comparison of topographic indices

In our previous published work, we found that IHD, KI,
ISV, IHA, ARTmax and BAD-D on Pentacam, PPK on
Galilei and BCVf and SIf on Sirius show 100% sensitivity in
distinguishing the keratoconus cases from the controls.!
THA (80%) on Pentacam, SRI and AAI on Galilei (100% each)

Axial / Sagital Curvature (Front) #uial / Sagital Curvature (Front) [l 7S agital Curvatuse (Front)

Figure 9: (a) Case Example 2: Pentacam Comparative Map showing
progression over 2 years. (b) Case Example 2: Scheimpflug image
showing missed edge detection (as denoted by the blue arrows) at
air epithelium interface

and SIb, BCVf, and 8 mm RMS/A back (100% each) on
Sirius were highly specific in diagnosing keratoconus. ISV
and IHA (100%) on Pentacam, CSI (97.3%) on Galilei, and
SIf (29.7%) on Sirius were highly sensitive in distinguishing
subclinical keratoconus from controls; whereas IHA and
curvature radius (100%) on Pentacam, OSI on Galilei (95.3%)
and SIb (100%) on Sirius were the most specific indices in
diagnosing the subclinical cases.!!

The comparison of the best parameters of all three machines
shows that the Belin/Ambrosio enhanced ectasia total
derivation (BAD-D) and the inferior-superior value (ISV) on
the Pentacam are statistically similar to the 4.5 mm root mean
square per unit area (RMS/A) back of Sirius and the Keratoconus
Prediction Index (KPI) and Keratoconus probability (Kprob) on
Galilei. BAD-D was similar to the surface regularity index (SRI)
of Galilei in differentiating subclinical keratoconus cases from
normal cases.?!!

Repeatability of scheimpflug topography devices

Repeatablility is the agreement in measurements taken by a
single instrument under the same conditions. The thinnest
corneal thickness (TCT) and steepest keratometry value are of
prime importance in the diagnosis of primary ectasia.*! Hence
good repeatability of the keratometric readings is imperative
for the optimal management of keratoconus and identifying
progression.??”! Accuracy in the sizing of an ICL depends
on appropriate measurement of Anterior chamber depth in
addition to other factors. Poor repeatability and significant
variations in the measurements would lead to compromised
outcomes. 253!

The Pentacam, Galilei, and Sirius show accuracy on
repeated measurement of mean keratometry (Km), thinnest
corneal thickness (TCT), anterior chamber depth (ACD), and
mean posterior keratometry pKm.P!! Repeatability of the
above-mentioned parameters is better on the Pentacam and
Sirius than on Galilei. Bias in the agreement of pKm and ACD
measurements is observed with all the three devices.*'! A
wide 95% limits of agreement (LoA) amongst the three devices
reported in the study by Shetty ef al., concludes that the three
devices should not be used interchangeably for the detection
of progression in keratoconus.?"

Meyer et al. in their study assessing the repeatability and
agreement of Orbscan II, Pentacam HR and Galilei tomography
systems in corneas with keratoconus concluded that the
Keratometric and pachymetric measurements obtained by
Galilei, Pentacam, and Orbscan I were varied and independent
of each other. The Orbscan Il showed the least repeatability as
compared to Pentacam HR and Galilei. However, the overall
repeatability was high for all instruments. Hence, the use of the
Orbscan II, Pentacam HR and Galilei interchangeably may be
lead to inaccuracy in measurement is not advised."

Role of Epithelium in assessing true topographic outcomes

The epithelium affects the refractive power of the cornea, and
consequently contributes to the total refractive power of the
eye.”l This effect is produced by the difference in refractive
indices of the tear film and air and the difference between
the refractive index of the epithelium and the stroma (1.40
vs 1.377).24 Vogt et al. described in 1921 the masking effect
of the corneal epithelium in patients with irregular stromal
surfaces.® This compensatory mechanism was observed in
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all conditions which are associated with an irregularity of the
stromal surface like irregular astigmatism, radial keratotomy,
corneal scars and keratoconus.®® Thus, the curvature measured
at the air-epithelium (A-E) interface may not be the same as
the curvature at the epithelium-bowman’s layer (E-B) interface
of a keratoconic cornea and hence clinical evaluation of the

curvature of the E-B interface is also critical.

The E-B interface and its distinct differences from the
anterior corneal surface curvature pattern are clinically very
relevant to assess true flattening post cross-linking.**! Based
on a recent three-dimensional study of epithelium and stromal
thickness profile in keratoconus eyes, the E-B interface should
be steeper than the A-E surface since the epithelium thickness
is no longer uniform, which would otherwise imply that the
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A-E surface and E-B interface would have the same curvature
distribution.738

In the case of ectasia or keratoconus progression, it is
unknown as to which clinical feature, i.e., thinning of the
epithelium or stroma, occurs earlier though clinical evidence
appears to suggest that structural stromal changes lead
to epithelial thinning.* Biomechanical models of corneal
crosslinking have shown a relationship between post-crosslink
flattening and stromal stiffness and that flattening at the
E-B rather than the A-E interface would allow a clearer
understanding of this relationship.

Thus understanding and imaging the epithelium and
quantifying epithelial changes to determine actual changes at
the E-B interface derived from a non-contact OCT could help
us in understanding keratoconus better and can also help in
determining actual flattening at the stroma post cross-linking.

Cases

Casel

This patient underwent laser refractive surgery elsewhere and

was referred with a diagnosis of Corneal ectasia post-LASIK.

On cursory examination, we see inferior steepening as seen in

ectatic corneal conditions. Points to be noted are as follows.

[Fig. 8]

* On Axial curvature map, we see steepening inferiorly with
high I-S asymmetry and Superior flattening. However, there
is no corresponding thinning in the inferior quadrant on
pachymetry map which is associated with ectasia.

e The posterior elevation map however does not show
significant elevation which would be indicative of ectasia.
The superior elevation changes in the elevation front map
is in sync with the axial curvature map.

® The pachymetry map in this post LASIK patient also appears
slightly decentered, indicative of some decentration in
ablation.

This patient was diagnosed with decentered ablation rather
than ectasia. This example typically highlights the basics of
diagnosing keratoconus or post-LASIK ectasia; the areas of
steepening have to coincide with areas of thinning and areas of
anterior and posterior elevation abnormalities. In the absence of
these, we should re-evaluate thoroughly in order to understand
the actual diagnosis.

Case 2

The patient diagnosed as a case of keratoconus in 2018, came
back for follow-up in 2020.

The pentacam comparative maps [Fig. 9a] showed
significant progression over 2 years.

However in the scheimpflug image shown [Fig. 9b], it can be
seen that the tracker for the anterior corneal surface has clearly
missed detection in the paracentral area and the edge is also
shifted leading to a missed edge detection. The topographer
is thus providing us a falsely higher reading in terms of
anterior curvature in this eye in this cross-section. Hence when
following up complex irregular corneas for progression or
subtle keratometry or pachymetry changes, it is important to
also verify if the scheimpflug device is actually detecting the
corneal surfaces appropriately. If we do not inculcate the habit
of interpreting topo/tomography maps of complex corneas

along with a quick screen of their scheimpflug images for edge
detection, we are likely to miss crucial information.

Case 3

If we look at the following two topographies of the same
eye imaged on two topographers (Pentacam and Sirius)
[Fig. 10a and b], we can see that Pentacam has diagnosed the
cornea as normal, whereas Sirius has suggested the same as
borderline or suspicious. Generally, presence of a superior-inferior
asymmetry of >1.1D is considered suspicious. The BAD-D index,
which is the most popular among the indices for keratoconus
screening in Pentacam does not include vertical asymmetry
in axial curvature among the 9 parameters it includes for the
final BAD-D derivation. A reason why this is not considered
is because, this asymmetry could arise partly due to a slightly
eccentric (superior or inferior) fixation at the time of the scan.
Sirius considers this asymmetry in diagnosing keratoconus (Sif
index), and hence diagnoses the same as suspicious.

The above final example is not to highlight differences or try
and reach to a conclusion of which is right. But it is basically
important to understand that there could be differences
between existing devices. The actual nature of this cornea
can only be studied on long-term follow-up and by utilizing
BIG-DATA, which can incorporate more parameters than just
topography and tomography. Until then and even after that, it
is always important to use our own clinical discretion beyond
what any device displays.

Conclusion

There are multiple topographic devices and their indices
are used for diagnosis, detecting progression and deciding
management. Thus, understanding the various indices of each
topographer, their repeatability, and comparing these indices
across topographers can in a long way help us in early detection
in keratoconus. Epithelium can also play an important role
which is invariably not considered while imaging through
topographers.
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