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Effect of post crosslinking haze on the repeatability of Scheimpflug-based and

slit-scanning imaging devices

Rohit Shetty, Aarti Agrawal, Rashmi Deshmukh, Luci Kaweri, Harsha L Rao, Harsha Nagaraja,

Chaitra Jayadev

Purpose: The aim of this study was to analyze the effect of postcollagen crosslinking (CXL) haze on the
measurement and repeatability of pachymetry and mean keratometry (Km) of four corneal topographers.
Materials and Methods: Sixty eyes of sixty patients with progressive keratoconus who had undergone
accelerated CXL (ACXL) underwent imaging with a scanning slit imaging device (Orbscan II) and three
Scheimpflug imaging devices (Pentacam HR, Sirius, and Galilei). Post-ACXL haze was measured using
the densitometry software on the Pentacam HR. Readings of the thinnest corneal thickness (TCT) and
Km from three scans of each device were analyzed. Effect of haze on the repeatability of TCT and Km
measurements was evaluated using regression models. Repeatability was assessed by coefficient of
variation. Results: Corneal densitometry in different zones affected the repeatability of TCT measurement
of Orbscan (P < 0.05) significantly but not the repeatability of TCT with Pentacam HR and Sirius (P = 0.03
and 0.05, respectively). Km values were affected by haze when measured with the Pentacam HR (P < 0.05).
The repeatability of Km readings for all devices was unaffected by haze. In the anterior 0-2 mm and
2-6 mm zone, TCT (P = 0.43 and 0.45, respectively), Km values (P = 0.4 and 0.6, respectively), repeatability
of TCT (P = 0.1 in both zones), and Km (P = 0.5 and 0.1, respectively) with Galilei were found to be the most
reliable. Conclusion: Galilei measurements appear to be least affected by post-ACXL haze when compared
with other devices. Hence, topography measurements in the presence of haze need to be interpreted with
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Over the past few decades, corneal collagen crosslinking (CXL)
has become popular as a treatment modality to delay the
progression of keratoconus."l Corneal haze is a common
phenomenon that occurs after this procedure. It peaks between
1 and 3 months, and though it reduces over time, it does not
always reach preoperative levels.” This haze is evident on
slit-lamp examination and confocal microscopy but can be
objectively quantified and expressed in grayscale units (GSU) of
0 (optically clear cornea/no haze) to 100 (total corneal opacity)
using the densitometry map on the Pentacam (Oculus, Wetzlar,
Germany).?!

Corneal topography plays an integral role in the
management and follow-up of several corneal conditions.
Corneal pachymetry is particularly useful for the evaluation
of endothelial functions and corneal biomechanics, accurate
measurement of intraocular pressure, in calculating the
residual stromal bed before refractive surgery and in the
management of keratoconus."* We have defined progression
in our earlier studies as an increase of 0.5 diopter (D) or more
in two or more keratometric values in the steep meridian
between two sagittal curve maps or a decrease in corneal
thickness of 10% or more at the thinnest point between two
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pachymetry maps on Pentacam in the preceding 6 months;
hence, it becomes important to accurately measure the corneal
parameters including pachymetry after crosslinking in the
presence of haze.[”? Likewise, changes in the anterior surface
curvature (keratometry [Km]) correlate well with changes in
visual acuity and quality.®® Both pachymetry and Km have
been extensively used for documenting the progression of
keratoconus as well as to evaluate the effectiveness of CXL
in stabilizing the disease.”’ In vivo confocal microscopy
studies after CXL have revealed the cytotoxic effects of these
procedures. The disappearance of keratocytes from the anterior
and intermediate stroma due to apoptosis and photonecrosis
phenomena with “lacunar” or “spongy” honeycomb-like edema
in the early (1-6 months) and late (after 6 months) postoperative
period of conventional and accelerated procedures has been
noted."" Stromal haze is also a result of these complex
structural and physiological wound-healing changes in the
cornea.P! Intraobserver and interobserver repeatability of
pachymetry measurements obtained by different topographers
has been proved to be good and comparable to the gold
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standard of ultrasound pachymetry.'>?* These measurements
have been performed in normal corneas, ectasias, keratoconus,
or postrefractive surgery.

Corneal haze and stromal scarring are seen in patients who
have undergone refractive surgeries and keratoplasties,!"*'°l in
active and healed stages of bacterial keratitis,'”! postprimary
pterygium excision,! corneal dystrophy,! keratoconus, and
post-CXL.2*#1 The haze that occurs after CXL differs from that
seen in other conditions in both appearance and course.!
It appears then that the underlying mechanism of haze is
different for each condition. This in turn can have a variable
influence on the measurement of parameters of commonly
used topography devices. We therefore evaluated the effect of
post-CXL haze on the repeatability of measuring the thinnest
corneal thickness (TCT) and mean Km in patients with
keratoconus who have undergone accelerated CXL (ACXL)
using a combined scanning slit and Placido discimaging device
and three Scheimpflug-based topographers.

Materials and Methods

This cross-sectional observational study was approved by the
Hospital’s Ethics Committee and was performed according to
the tenets of the Declaration of Helsinki after obtaining a written
informed consent from all patients. Patients with documented
evidence of progressive keratoconus who underwent ACXL
with no intraoperative or postoperative complications were
included in the study. Patients with advanced keratoconus,
corneal scars, active or history of allergic eye diseases, dry eye
syndrome, posterior blepharitis, delayed epithelial healing
following CXL, and other ocular comorbidities were excluded
from the study.

One year after patients underwent ACXL, a complete
ophthalmic examination including slit-lamp examination,
uncorrected and corrected distance visual acuity, and subjective
refraction was done. All patients underwent corneal topography
with the following topographers: Orbscan II (Orbtek, Salt-Lake
City, UT, USA) based on a combined scanning slit and Placido
disc technology; Pentacam HR (Oculus, Wetzlar, Germany)
based on the Scheimpflug principle; and Sirius (Costruzione
Strumenti Oftalmici, Florence, Italy), which combines the
Scheimpflug principle with the Placido disc imaging and
Galilei (Ziemer, Biel, Switzerland), based on dual Scheimpflug
and Placido disc imaging. All patients underwent the
measurements in the same order with a break of 15 min between
each topographer to avoid fatigue and lapse in concentration.
Densitometry, a measure of corneal haze, was obtained from
the Pentacam software, for concentric four zones: 0-2 mm,
2-6 mm, 6-10 mm, and 10-12 mm and anterior (up to 120 w),
posterior (posterior 60 p), and central (between the anterior
and posterior) zones as illustrated in Figs. 1 and 2.

A standard methodology was used to obtain measurements
on each device. A central fixation light of the machine was
used to align the eye to the visual axis. Patients were asked to
blink completely to allow the tear film to be evenly distributed
before each scan. Three good quality scans were obtained
for each patient by the same examiner, and the TCT values
and Km of each scan were used to assess for repeatability.
Densitometric value of each zone was analyzed for its effect
on the repeatability of TCT and Km.

10-12mm

6-10mm
0-2mm

2-6mm

Anterior 120microns
Central layer

Posterior 60microns

Figure 1: (a) Cornea divided into four zones from center to periphery.
(b) Cornea divided into 3 zones from anterior to posterior

Our definitions of repeatability were based on those adopted
by the British Standards Institution and the International
Standards Organization.***! Independent test results were
obtained using the same method, on the same subject, with the
same operator, and on the same equipment with the shortest
time possible between successive sets of readings to assess
repeatability.?*!

Statistical analyses

Descriptive statistics included mean and standard deviation for
normally distributed variables and median, first quartile, and
third quartile values for nonnormally distributed variables. The
effect of haze on the average of three parameter measurements
was evaluated using mixed models. Three measurements of
haze and three measurements of TCT and Km per eye were
used for this analysis. Repeatability was assessed by coefficient
of variation (CV). The CV was calculated as within-subject
standard deviation/overall mean. The average measurement
of haze was computed and regression models used to evaluate
the effect of haze on the CV of TCT and Km measurements
with the different devices. Statistical analyses were performed
using Stata version 12.1 (StataCorp, College Station, TX,
USA) statistical software. P < 0.05 was considered statistically
significant.

Results

Sixty eyes of sixty patients who had undergone ACXL a
year back were enrolled in the study. Among them, 27 were
female patients and 33 were male patients with a mean age
of 23 + 5 years (range 15-36). There were 36 right eyes and
24 left eyes. Post-ACXL haze was measured as densitometry
on the Pentacam HR in different zones of the cornea. In the
anterior 0-2 mm zone, the mean densitometry measurement
was 27.8 + 7.6 GSU; in the anterior 2-6 mm zone, it was
22.3+4.4 GSU; in the central 0-2 mm zone, it was 15.9 +3.2 GSU;
and in the central 2-6 mm zone, it was found 13.2 + 1.5 GSU.
Measurements were higher in the 0-2 mm zone compared to the
2-6 mm zone and higher in the anterior zone when compared
to the central zone of the cornea as shown in Table 1. The mean
readings of TCT and mean keratometric values with their
standard deviation using the four devices are shown in Table 2.
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Figure 2: Measurement of haze using the corneal densitometry software on Pentacam

CV of the TCT and Km measurements of the four devices
is shown in Table 3. Orbscan II showed the highest variability
for TCT measurements. Galilei showed the least variability
compared to all other devices for TCT. The variability of Km
parameters with Sirius was lower than that with the other
devices. Table 4 shows the effect of haze in various zones in the
cornea on parameter measurement and the repeatability of TCT
for each of the four devices. TCT measurement with Orbscan
was significantly affected by haze. Measurement of TCT with
the other three Scheimpflug devices was independent of haze.

The repeatability of TCT measurements with Sirius and
Pentacam was significantly affected by haze in the anterior
0-2 mm zone (P =0.05 and 0.03), respectively. The repeatability
of TCT measurements with Orbscan and Galilei was not
affected by haze. Table 5 shows the effect of haze in various
zones in the cornea on the measurement and repeatability of
Km for each of the four devices. The Km measurement with
Pentacam was significantly affected by haze (P = 0.03) while it
was independent of haze for the other three devices. Haze did
not affect the repeatability of Km measurements taken with
any of the four devices.

Discussion

Keratoconus has traditionally been classified and graded
based on ultrasound pachymetry and Placido disc-based
imaging.!?”! Ultrasound pachymetry, the gold standard
for measuring corneal thickness, takes the measurement
at a single point, which might not necessarily be the
thinnest location.™ It has been shown that in patients with
keratoconus, Scheimpflug provides more reproducible and
repeatable measurements of central thickness than those
obtained with ultrasound pachymetry.?! Topographers
providing full corneal pachymetry maps are advantageous
in localizing the thinnest corneal location and also for the
early diagnosis of ectatic conditions. Likewise, keratometric
measurements have come a long way from corneal casts,
Placido disc reflection, and manual Km to automated

Table 1: Mean densitometry values with standard
deviation in different zones

Zones Haze (GSU)
Anterior 0-2 mm 27.8+7.6
Anterior 2-6 mm 22.3+4.4
Central 0-2 mm 15.9+£3.2
Central 2-6 mm 13.2+1.5

GSU: Grayscale unit

Table 2: Mean values with standard deviation of different
parameters measured with the four devices

TCT Km
Orbscan 388.2+74.2 48.7+4 .1
Sirius 425.1+55.1 47.7£3.4
Galilei 435.7+38.6 48.5+3.1
Pentacam 452.4+38 46.6+2.8

TCT: Thinnest corneal thickness, Km: Keratometry

Table 3: Within-subject coefficient of variation
estimates (with 95% confidence intervals in brackets) of
different parameter measurements with the four devices

TCT Km
Orbscan 2.5(1.9-2.9) 0.6 (0.5-0.7)
Sirius 0.9 (0.7-1.1) 0.4 (0.3-0.4)
Pentacam 1.0 (0.8-1.2) 0.6 (0.0-0.8)
Galilei 0.5 (0.3-0.7) 0.8 (0.0-1.1)

TCT: Thinnest corneal thickness, Km: Keratometry

topographers that use various imaging principles such as the
Placido disc imaging, scanning slit technology, Scheimpflug
photography, dual Scheimpflug imaging, and a combination
of these.
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Table 4: Effect of haze in the different zones of the cornea with 95% confidence interval in the brackets on parameter
measurement and repeatability of thinnest corneal thickness measurement with the four devices

Effect on parameter measurement

Anterior 0-2 mm

Effect on parameter repeatability (CV)

Anterior 0-2 mm

Coefficient (95% CI) P Coefficient (95% CI) P Adjusted R?
Orbscan -0.59 (-0.1--0.18) <0.01 1x1075 (-5x10-4-5x107%) 0.10 0.00
Sirius -0.09 (-0.26-0.09) 0.35 2x107 (8.41*x10™*) 0.05 0.07
Pentacam 0.02 (-1.9-0.21) 0.88 2x107* (3x1075-4x107%) 0.03 0.07
Galilei -0.04 (-0.14-0.06) 0.43 -1.4 (-1x10%-1x107%) 0.10 0.00
Anterior 2-6 mm Anterior 2-6 mm
Orbscan -0.74 (-1.44--0.5) 0.04 5x1075 (-8x104-1x107%) 0.20 0.01
Sirius -0.15 (-0.45-0.15) 0.33 2x107* (-1x104-5x107*) 0.25 0.01
Pentacam 0.1 (-0.24-0.44) 0.56 9%1075 (-3x104—4x107) 0.60 0.00
Galilei -0.06 (-0.23-0.10) 0.45 3.1 (-2x10*-2x10*) 0.10 0.00

CV: Coefficient of variation, Cl: Confidence interval

Table 5: Effect of haze in the different zones of the cornea with 95% confidence interval in the brackets on parameter
measurement and repeatability of keratometry measurement with the four devices

Effect on parameter measurement

Anterior 0-2 mm

Effect on parameter repeatability (CV)

Anterior 0-2 mm

Coefficient (95% CI) P Coefficient (95% CI) P Adjusted R?
Orbscan -2x1072 (-0.02-0.01) 0.70 4x107* (-7x1074-2x1073) 0.50 0.00
Sirius -4x1072 (-1x107"-4x1072) 0.35 -8.3 (-1x10*-7x10%) 0.80 0.00
Pentacam 1x10" (1x102-3x107") 0.03 1x10- (-6x10-4-3x107%) 0.20 <0.01
Galilei -7x1072 (-2x107"-8x1072) 0.40 7x107* (-1x1073-3x107%) 0.50 0.00
Anterior 2-6 mm Anterior 2-6 mm
Orbscan -9%1072 (-0.03--0.02) 0.50 7x107* (-1x1073-3x107%) 0.50 0.00
Sirius -7x1072 (-0.02-7x10-2) 0.30 3.5 (-1x103-1x1079) 0.10 0.00
Pentacam 3x107" (4x1072-5x107") 0.02 1x107% (-2x107%-4x107%) 0.40 0.00
Galilei -7x1072 (-3x10'-2x107?) 0.60 3x1078 (-9x1074-6x10*) 0.10 0.02

CV: Coefficient of variation, Cl: Confidence interval

Various studies have established the safety and precision of
these devices for the measurement of corneal topography.[3!
The repeatability or test-retest reliability is the variability in
these measurements taken by a single person or instrument,
under the same conditions within a short period, over which
the underlying value can be considered to be constant.
While a high repeatability of any instrument’s measurement
is an indication of its precision, measurements with a low
repeatability should be interpreted with caution. There are
several parameters that can affect repeatability, one of them
being corneal clarity. Corneal haze affects the transmission
of light through the cornea, resulting in backward scattering
of light and can therefore influence the measurements of
topographers. It is hence imperative to assess the reliability
of these measurements in conditions where the corneal clarity
is compromised.

Corneal haze can be a result of infections, corneal
dystrophies and degenerations, and postsurgical intervention.
Clinically, this can be detected and graded using a standard
slit-lamp examination, albeit subjectively.” Quantification
as densitometry on the Pentacam provides an objective
and reproducible method of measuring corneal haze. The

maximum effect of CXL on corneal clarity is known to occur
in the anterior 300 u of the stroma as evidenced on confocal
microscopy.* In our study, haze was seen maximally in the
central 0-2 mm, followed by 2—-6 mm and the anterior stromal
layers when compared to the rest of the cornea. This has
significant implications as keratometric readings are derived
from the central 3 mm area of the cornea and TCT takes into
account the entire cornea including the anterior, central, and
posterior zones. Therefore, both TCT and Km measurements
can be affected by post-CXL haze.

The poor repeatability of Orbscan in corneas with haze
has been attributed to change in the light slits traveling
through the cornea and the influence of the backscatter of
light. These result in variations in posterior surface data and
altered pachymetric analysis.?**I Although an acoustic factor
correction has been proposed to overcome these limitations, it
has been shown that this correction works only in transparent
prolate corneas and not helpful in irregular or oblate (corneal
ectasia) or nontransparent corneas (haze).?>*! Likewise, we
found that the measurement of TCT with Orbscan II was
affected, especially in areas where haze was significant. This
suggests that in the presence of post-CXL haze, monitoring
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progression of keratoconus using only the Orbscan II may
not be reliable. We found that the measurement of TCT with
Pentacam, Sirius, and Galilei was unaffected by haze though
the repeatability of Pentacam and Sirius was poor in areas
where the haze was significant (central and anterior 0-2 mm).
This is in contrast to previous studies, which have shown good
repeatability of Scheimpflug devices in normal and keratoconic
corneas.””* There could be factors other than haze causing
poor repeatability of the corneal measurements as shown by
Hashemi ef al. in their study comparing 5 devices for corneal
measurements in keratoconic patients. They reported as the
severity of keratoconus increases the repeatability of all devices
to measure corneal parameters reduces due to measurements’
errors.

The measurement of Km only on the Pentacam was
affected by haze when compared to other topographers.
Haze in the anterior stroma up to 6 mm particularly in the
central 2 mm zone had the maximum influence. It is possible
that the Km readings of Orbscan, Sirius, and Galilei were
unaffected by the haze due to the Placido disc component
of these devices providing more accuracy while evaluating
the anterior surface curvature (Km). This is in contrast to
the Pentacam, which has only a single Scheimpflug imaging
system. However, unlike TCT, the repeatability of Km
measurement with all four topographers was unaffected
by haze.

One of the limitations of the study is that the repeatability
of only commonly used keratoconus indices was studied like
the mean Km and TCT. Since a single operator recorded all the
measurements, there is a small possibility of an observer bias.
Another limitation is the lack of a control group.

In this study, we found that when evaluating patients
with post-CXL haze, Galilei appears to be more reliable when
assessing pachymetry and the anterior corneal surface. The
pachymetry measurements of Orbscan II and the corneal
curvature measurements of Pentacam were significantly
affected by haze. In addition, the repeatability of pachymetry
measurements of Pentacam and Sirius was significantly
affected by haze. Haze did not affect the repeatability of Km
measurements of any of the devices. It is important to note
that the magnitude of effect of haze on either the parameter
measurements or the repeatability estimates, though found
statistically significant, was small in the presence of minimal
haze. However, in cases with dense haze, the effect can be
clinically significant and clinicians should keep this in mind
while considering management decisions based on these
measurements.

Conclusion

In corneas that have undergone crosslinking, response to
treatment and progression of the disease must be gauged with
caution, as there is increased variability in the measurement
owing to corneal haze. Devices cannot be used interchangeably
for measurements in postcrosslinked eyes.
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