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Purpose: The purpose of this study is to evaluate and compare the correlation between
changes in vision and HD Analyzer dual-pass metrics versus changes in vision and conven-
tional subjective slit lamp gradings in pseudophakic patients with posterior capsular opacity
undergoing neodymium:yttrium-aluminum-garnet (Nd:YAG) capsulotomy.

Patients and Methods: High contrast (HC) and low contrast (LC) best spectacle-corrected
distance visual acuity (BCVA) and HD Analyzer evaluation were prospectively performed on
patients with mild-to-moderate posterior capsular opacification (PCO) and monofocal and
accommodating intraocular lens implants. Differences between pre- and post-operative
measurements were calculated, along with the correlation of HD Analyzer metrics and slit
lamp grading to changes in visual acuity.

Results: Following Nd:YAG capsulotomy (n=29), there was statistically significant
improvement in HC-BCVA and LC-BCVA, decrease in optical scatter, and corresponding
improvement in Strehl ratio and HD Analyzer values at all contrast levels tested (p<0.05).
Pearson test showed a high correlation between the improvement in HC-BCVA (r coeffi-
cient = 0.78) and LC-BCVA (r coefficient = 0.71) to the improvement in Objective Scatter
Index (OSI). There was a higher correlation of change in HC-BCVA to pre-op OSI (1*=0.61)
than to the subjective PCO grading score (r* = 0.19). There was also a higher correlation of
change in LC-BCVA to pre-op OSI (r* = 0.49) than to subjective grading (> = 0.16).
Conclusion: The HD Analyzer provides objective measurements of forward light scatter (ie,
light directed towards the retina) that can assist with both PCO grading and prediction of
improvement of visual quality after YAG laser capsulotomy with higher accuracy than
conventional slit lamp assessment based upon backscatter (ie, light traveling to the observer)
in patients tested with monofocal and accommodating intraocular lens implants.
Keywords: HD Analyzer, posterior capsular opacity, YAG capsulotomy, objective scatter

index

Introduction

Given the increasing prevalence of cataract surgery in countries with an aging
population, the consequent prevalence of posterior capsular opacification (PCO) is
also anticipated to increase.’ PCO development is due to the proliferation of
residual lens epithelial cells along the lens capsule behind the intraocular lens
(IOL), affecting decreased visual acuity, glare disability, and lowered contrast
sensitivity. Fibrotic PCO can result from transdifferentiation of residual lens epithe-
lial cells into myofibroblasts, causing fibrosis and contraction of the capsular bag,
as well as IOL decentration or tilt.*> Although refinements in surgical techniques and
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square edge IOL designs have played a role in the reduc-
tion of PCO formation, it remains one of the most com-
mon sequelae following cataract surgery. PCO can be
treated via neodymium:yttrium-aluminum-garnet (Nd:
YAG) laser capsulotomy or, less commonly, via surgical
capsulotomy. Laser capsulotomy is not without complica-
tions. Induction of cystoid macular edema, increased
intraocular pressure, floaters, iritis, intraocular lens tilt,
pitting or displacement, and increased incidence of retinal
hemorrhage, retinal tear, and detachment are all potential
risks of this procedure.**

The decision to perform posterior capsulotomy is fre-
quently based on subjective symptoms and/or decreased
visual acuity. Brightness acuity testing (BAT), neutral
density filtered acuity, contrast sensitivity, and glare
assessment are ancillary tests that can be used to evaluate
the impact of PCO on visual symptoms. Subjective eva-
luation and grading of PCO allows for wide inter- and
intra-observer variation. The use of only slitlamp retro-
illumination has been shown to underestimate the presence
and severity of PCO.> Thus, PCO morphology and impact
on visual quality may not be adequately evaluated with
slit-lamp assessment. Slit-lamp examination and imaging
captures the backscatter of light off the anterior PCO sur-
face but does not directly assess the forward scatter that
results as light passes through the PCO towards the retina,
which is what the patient experiences. Computer-based
software systems (ie, Automated Quantification of After-
Cataract (AQUA), Evaluation of Posterior Capsular
(EPCO),
Capsular Opacification (POCO)),*'? provide reproducible

Opacification PearlTracer, and Posterior
and objective measures of the PCO using digital images
without directly assessing the impact of the PCO on the
visual system.'" Furthermore, these systems are not readily
available in the clinical setting and are based upon back-
scatter. Rotating Scheimpflug imaging has been shown to
give reproducible measurements quantifying PCO,'*'? but
the scatter light density measurements with this system are
substantially influenced by IOL material, which may limit
the direct comparison of PCO in IOLs of different
materials.'*

The HD Analyzer (Visiometrics by Keeler; Malvern,
PA)"*"'® (Figure 1) measures the retinal point spread function
via a double-pass method. A 780-nm collimated diode laser
passes through a 2-mm aperture onto the retina. The reflected
light then travels through a 4-mm exit aperture prior to
reaching a charge-coupled device (CCD) camera. The mea-
sured retinal point spread function (Figure 2) is used to

Vslovnemcs*
HD Analyzer

Keeler

Figure | The Visiometrics HD Analyzer (image courtesy of Keeler; Malvern, PA)
measures the retinal point spread function via a double-pass method, providing an
objective measure of forward light scatter and other metrics of visual quality.

IR laser
diode

Beam
splitter

Figure 2 The HD Analyzer uses an infrared laser and a double-pass image through
asymmetric entrance and exit apertures captured with a charge-coupled device
camera, allowing inference of the complete optical transfer function of the eye as
well as the shape of the retinal point spread function.

calculate the Strehl ratio, Modulation Transfer Function
(MTF), MTF cutoff value, Objective Scatter Index (OSI),
and HD Analyzer contrast sensitivity values (OV).

The Modulation Transfer Function’s value indicates
how closely an object is captured in the retinal image as
a function of spatial frequency. The MTF is a ratio of
image to object contrast and can be degraded by the
effects of scatter, diffraction, and lower- and higher-
order aberrations. The MTF cutoff value is the maximal
spatial frequency that can be resolved by an optical sys-
tem. The Strehl ratio, ranging from zero to one, compares
the calculated MTF to that of a diffraction-limited system,
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with a value of one corresponding to an unaberrated
optical system. The HD Analyzer values are derived
from the MTF and describe the patient’s visual quality
with contrasts of 100%, 20%, and 9%, as well as an
averaged value (Mean OV). The OSI'® is measured
from the signal intensity of the peripheral region of the
retinal PSF image relative to the signal intensity of the
central region. Thus, the higher the OSI number, the
greater the amounts of intraocular and/or ocular surface
scatter.

The light scatter measured by the HD Analyzer can occur
anywhere along the optical pathway. Even in a young healthy
patient, light scatter, albeit minimal, occurs at the tear film, the
cornea, the iris or pupil margin, the lens, the vitreous media,

19-21

and at the retina. Dry eye states, corneal®>* disease or

haze, cataract,”* >’

and vitreous turbidity or opacities (eg,
asteroid hyalosis) can all cause increased light scatter. Thus,
the HD Analyzer has been used to assess retinal image quality
in patients with cataracts, pseudophakia, and phakic IOLs.
Multiple studies?® >° have shown good reproducibility for
measurements using the HD Analyzer system. This study
applies the HD Analyzer metrics to the evaluation of PCO
and the improvements in visual function after laser

capsulotomy.

Patients and Methods

Patients scheduled for Nd:YAG laser capsulotomy by one
surgeon (MQ) were consecutively enrolled in this prospec-
tive study after appropriate informed consent was obtained
for participation in the study. All investigations were con-
ducted in a single site in the US in accordance with the
Health Insurance Portability and Accountability Act reg-
ulations and the tenets of the Declaration of Helsinki and
were approved by the Southwest Independent Institutional
Review Board (Fort Worth, Texas). All subjects provided
written informed consent.

Patients with any history of ocular pathology, including
corneal disease and opacities, moderate to severe dry eyes,
macular or optic nerve disease, and/or previous ocular surgery,
other than uncomplicated cataract surgery with in-the-bag IOL
implantation, were excluded. Patients that had pupil diameter
less than 4 mm in mesopic conditions were also excluded, as a
minimum of 4 mm pupil was required for valid HD Analyzer
measurement. Patients with multifocal, extended depth of
focus, or toric IOLs were also not included.

High contrast distance uncorrected visual acuity
(HC-UCVA) and best-spectacle corrected distance visual
acuity (HC-BCVA) on an Early Treatment of Diabetic

Retinopathy Study (ETDRS) chart, low contrast best-spectacle
corrected visual acuity (LC-BCVA, Optec 11, Stereo Optical
Co, Inc., Chicago, Illinois, USA), and HD Analyzer evaluation
were performed on patients with PCO preoperatively and 2 to
4 weeks postoperatively. Additionally, the average of subjec-
tive grading of PCO by two observers (MQ, MB) was calcu-
lated using the following scale:*'

e (0= no opacity;

e |=wrinkling or opacity of the capsule within a central 4
mm diameter, with no degradation of the retinal view;

e 2= central/paracentral opacity within central 4 mm dia-
meter sufficient to degrade details of the macula, but
still permitting optic nerve cup/disc ratio assessment;

e 3= central/paracentral opacity sufficient to make cup/
disc ratio assessment difficult, or moderate reduction
of red reflex;

e 4= central/paracentral opacity sufficient to make visua-
lization of fundus details difficult or impossible, or
severe reduction of red reflex.

HD Analyzer data were captured with a 4-mm exit aperture
in undilated eyes. When necessary, patients were dark-
adapted to achieve a minimum of 4 mm pupillary aperture.
The spherical refractive error was measured and corrected by
the motorized optometer within the HD Analyzer. External
cylindrical trial lenses were used to correct astigmatism
greater than 0.5 D. Uniform mesopic room illumination
was employed for all testing. A single artificial teardrop
(Refresh Plus, Allergan, Inc., Irvine, California, USA) was
instilled into the eye 10 minutes prior to measurement of the
HD Analyzer visual parameters to obviate scatter contributed
by dry eye, per standard protocol for HD Analyzer image
capture. OSI, Retinal Image curve profile width at 50% and
10% height, Strehl ratio, and HD Analyzer contrast values
(OV) at 100%, 20%, and 9% contrast were recorded.

Differences between pre- and post-operative measure-
ments were calculated, along with Pearson correlation of
HD Analyzer metrics to improvement in visual acuity.
Paired Student’s #-tests, with p value <0.05 being statisti-
cally significant, were used for statistical comparisons of
pre- to post-operative measurements.

Results

Demographics
Twenty-nine eyes of 25 (12 male and 13 female) patients age
46 to 81 (mean 64.5 + 8.6 yrs) were included. The average
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time from cataract surgery to YAG was 563 days (107-1557
days). Nineteen of the 29 had Crystalens-AT accommodating
IOL (5.0 mm optic, Bausch & Lomb Surgical, Rancho
Cucamonga, CA, USA) and 10 had monofocal aspheric
(6.0 mm optic) IOLs (SoftPort, Bausch & Lomb Surgical,
Rancho Cucamonga, CA, USA). Some Crystalens patients
had mild central PCO with wrinkling or signs of early
capsular contraction and underwent Nd:YAG laser capsulot-
omy in an effort to avoid the occurrence of a z-syndrome (ie,
asymmetric vaulting of the haptics and optic of a plate haptic
IOL).*? There were 5 eyes with a subjective PCO grade of 1,
14 with grade 2, 10 with grade 3, and none with grade 4.
There was 93% agreement of the subjective PCO grading
between the two observers, with two eyes having a differ-
ence of 1 scale score (in which case, the lower score was
utilized).

Visual Acuity

There was an improvement in mean values for all high and
low contrast visual parameters following YAG capsulot-
omy, which were statistically significant (Table 1). The
mean improvement in HC-UCVA and HC-BCVA was
0.07 £ 0.17 log MAR (p=0.049) and 0.06 = 0.11 log
MAR (p=0.021), respectively. A clinically greater mean
improvement of 0.12 £ 0.18 log MAR (p=0.001) was
detected by measuring LC-BCVA. No eyes had worsening
of HC-BCVA following YAG capsulotomy.

Eyes with a subjective PCO grade of 2 (n=14) had on
average an approximately one line improvement in
LC-BCVA (mean A= —0.08 + 0.13 log MAR, p=0.043) and
a smaller but statistically significant improvement in
HC-BCVA (mean A= —0.03 + 0.05 log MAR, p=0.04) fol-
lowing YAG capsulotomy. Those with a subjective PCO
grade of 3 (n=10) had on average over one line improvement
in HC-BCVA (mean A =—0.13 £ 0.16 log MAR, p=0.1) and
greater than 2 line improvement in LC-BCVA (mean A =
—0.22 £ 0.24 log MAR, p=0.016).

Table | Visual Acuity Parameters with YAG Capsulotomy
(I Line Improvement in Acuity = —0.10 log MAR)

Visual Pre-YAG Post-YAG Change (Post P
Acuity —Pre) value
(log MAR)

HC-UCVA [ +0.22+023 | +0.16 £0.20 | —0.07 £ 0.17 0.049
HC-BCVA +0.01 £0.15 | —0.04 £ 0.07 | —0.06 £ 0.11 0.021
LC-BCVA +035+0.17 | 4023 £0.11 | —0.12 £ 0.18 0.001

Abbreviations: HC, high contrast; LC, low contrast; UCVA, uncorrected visual
acuity; BCVA, best spectacle-corrected visual acuity.

As mentioned previously, a number of YAG capsulo-
tomies (n=13) were performed in Crystalens patients with
minimal posterior capsular fibrosis (pre-YAG OSI <1), but
signs of early capsular contraction, where the capsulotomy
was performed predominantly to prevent a z-syndrome.
For eyes with a pre-YAG OSI greater than 1.0 (mean
3.48 + 3.05, n=16), HC-BCVA improved by an average
of approximately one line (mean A = —0.09 + 0.14 log
MAR, p=0.055) and LC-BCVA improved by an average of
two lines (mean A = —0.20 + 0.20 log MAR, p=0.001)
following surgery. If the pre-YAG OSI was 2 or greater
(mean 6.03 + 3.10, n=7), there was on average an approxi-
mately two line improvement of HC-BCVA (mean A =
—0.19 £ 0.17 log MAR, p=0.026) and approximately a
three line improvement of LC-BCVA (mean A = —0.29 +
0.25 log MAR, p=0.025).

HD Analyzer Metrics

Improvement in the OSI, MTF cutoff, Strehl ratio, and
mean contrast HD Analyzer parameters after intervention
with YAG capsulotomy were all statistically significant
(Table 2). On average, OSI was 1.35 lower (p=0.007)
after YAG capsulotomy. Eyes with a PCO grade of 3 had
a greater improvement in OSI (mean A OSI = —2.95,
n=10, p=0.023) than those with a grade 2 (mean A
OSI = —-1.65, n=14, p=0.006). All OV metrics improved
after surgical intervention, with improvement of the
Mean OV by 0.36 + 0.38 (p<0.001). The highest correla-
tion of change in HC-BCVA to any HD Analyzer metric
was to the change of OSI (Pearson = +0.78), which was
higher than the correlation of change in OSI to PCO
grade (Pearson = —0.44).

Correlations
While the mean OSI scores increased with increasing sub-
jective grading of PCO, there was some overlap in OSI
values between Grades 2 and 3 (p=0.07) (Figure 3). OSI
scores were significantly lower for Grade 1 (mean 0.6) than
both Grade 2 (mean 1.6, p=0.04) and 3 (mean 3.9, p=0.02).
There was a very high correlation between pre-OSI and
change in OSI (linear regression > =0.98). Both pre-YAG
OSI (* =0.61) and the change in OSI (r* =0.60) had a higher
correlation to change in HC-BCVA (Table 3) than subjective
grade (¥ =0.19) and other HD-Analyzer parameters
(Table 2, Pearson). The linear regression equation [pre-
YAG OSI=-18.46 (AHC-BCVA log MAR) + 1.08] compar-
ing pre-YAG OSI to AHC-BCVA predicts at least one line
improvement (—0.1 log MAR) in HC-BCVA if the pre-YAG
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Table 2 HD Analyzer Parameters Pre- and Post-YAG Capsulotomy

HD Analyzer | Pre-YAG Post-YAG Change (Post | p Pearson of Pearson of Pearson of

Parameter —Pre) value | Aparameter to Aparameter to Aparameter to

AHC-BCVA ALC-BCVA PCO Grade

Osl 223 £ 264 0.88 £ 040 | —1.35%249 0.007 | +0.78 +0.71 —0.44

MTF Cutoff 2644 £ 11.92 | 3725+ 7.68 | +10.8] + [3.55 | <0.001 | —0.34 —0.54 +0.15

Strehl 0.14 £ 0.04 0.18 £ 0.04 | +0.05 +0.05 <0.001 [ —-0.29 —0.42 +0.18

Width @ 50% | 6.09 + 4.62 337 £085 | 272 %467 0.004 +0.64 +0.54 —0.25

Width @ 10% | 17.53 £ 10.96 | 12.33 +3.82 | -520 + 11.02 | 0.024 | —0.08 —0.01 —0.10

Notes: Width, point spread function profile width at 10% (arc min) and 50% (arc min) of the maximum height; A, change (post—pre).
Abbreviations: PCO, posterior capsular opacity; OSI, Objective Scatter Index; MTF, Modulation TransferFunction.

OSI is 2.93 or greater. When considering ALC-BCVA, the
regression equation [pre-YAG OSI=-10.36 (ALC-BCVA
log MAR) + 0.98] predicts at least one line improvement
in LC-BCVA if the pre-YAG OSI is 2.02 or greater.

Discussion

In this study, we demonstrated the utility of using the HD
Analyzer to objectively quantify optical scatter and other
metrics of visual quality before and after Nd:YAG capsu-
lotomy. There was improvement in both high and low
contrast BCVA with the latter able to detect a more clini-
cally significant change, a decrease in optical scatter
(mean OSI pre-YAG 2.23 to post-YAG 0.88; p=0.007),
and a corresponding improvement in Strehl ratio and HD
Analyzer values at all contrast levels tested. Of import, the
Pearson test showed a high correlation between the
improvement in HC-BCVA (r coefficient=0.78) and
LC-BCVA (r coefficient=0.71) to the improvement in
OSI. In distinction to subjective slit lamp grading of
PCO, which is generally considered the current clinical

Preoperative OSI

standard of care, there was a higher correlation of objec-
tive measures, namely the pre-op OSI (r* = 0.61) and
change in OSI (r* = 0.60) to change in HC-BCVA, while
the correlation of the subjective grading score to change in
HC-BCVA was substantially lower (r* = 0.19).

Recently, Zhang and Wang™ also showed a strong
correlation between the OSI metric and HC-BCVA. They
noted that several patients had a subjective improvement
following Nd:YAG capsulotomy based upon responses to
a questionnaire grading visual disturbance, along with a
decrease in OSI, but no improvement in BCVA. As we
studied the effect of YAG laser capsulotomy on a number
of patients with mild capsular fibrosis, where the proce-
dure was performed in an effort to prophylactically pre-
vent a z-syndrome in an accommodating IOL,** we
similarly saw improvements in LC-BCVA in some eyes,
but not always HC-BCVA. These findings are supported
by the work of Yotsukura and colleagues,>* who noted
improvement in the quality of vision as assessed by
LCVA, functional visual acuity, and wavefront aberrations

Subjective Grade

Figure 3 Preoperative OS| for each subjective PCO grading. Preoperative OSI values were significantly lower for Grade | than for both Grade 2 (p=0.0392) and Grade 3
(p=0.0184) and approached statistical significance when comparing values between Group 2 and 3 (p=0.0782).
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Table 3 Correlations (R?) Between Change in High and Low
Contrast Visual Acuity and Objective and Subjective Metrics

R? to R? to
AHC-BCVA ALC-BCVA
Pre-YAG OSI 0.6l 0.49
AOSI 0.60 0.49
Grade 0.19 0.16

Note: A, change (post—pre).
Abbreviations: HC-BCVA, high contrast best-corrected visual acuity; LC-BCVA,
low contrast best-corrected visual acuity; OSI, Objective Scatter Index.

in patients following Nd:YAG capsulotomy who did not
demonstrate an improvement in HC-BCVA.

The poor correlation that we found between the OSI
(and other objective HD Analyzer quality of vision
metrics) and the subjective slit lamp gradings of PCO is
consistent with the findings of Hirnschall et al.® In study-
ing subjects with PCO, they used 2 measurements of
forward light scatter and 2 of backscattered light and
found that the backward and forward light scattering mea-
surements did not correlate well. One possible explanation
for this discrepancy is that backward light scatter as seen
at the slit lamp depends on larger angles between the
direction of illumination and observation and also, at
very large angles, involves reflectance, whereas forward
scatter (as seen by the patient) is dominated by smaller
angles (<28 degrees).>”

The subjectivity of PCO grading at the slit lamp may
lead to
Photographic and automated image analysis techniques

inter- and intra-observer discrepancies.
permit more objective assessment of the location, dimen-
sions, and severity of PCO, as well as document changes
over time, by capturing light reflected off of the anterior
PCO surface or via retroillumination techniques. Some
have fused images to obviate unwanted reflections or
Purkinje images that hamper the analysis.*® However,
these systems rely on imaging derived from backscattered
light and do not directly measure the forward scatter of
light focused onto the fovea, which is what the patient
sees.”” This may partly explain why analysis of retro-
illumination images alone may cause underestimation of
PCO.” Other subjective psychovisual testing systems such
Wetzlar,

Germany) provide qualitative data, are time consuming

as the C-Quant straylight meter (Oculus,

to perform relative to other testing methods, and cannot
be used in patients with limited visual acuity.® Also, stu-
dies indicate limited correlation between Straylight values
and visual improvement after Nd:YAG capsulotomy.’’

More recent studies by these investigators suggest that
qualitative straylight thresholds may better predict clini-
cally significant improvement in visual acuity on patients
with low PCO severity.*®

Lu and colleagues®® used the RTVue-100 OCT
(Opotovue, Inc., Fremont, CA) to evaluate PCO morphol-
ogy and severity. They showed that PCO morphology
(pear type versus fibrosis) affected OSI scores and found
that changes in OSI following YAG capsulotomy were
correlated to the PCO area in the central 3 mm IOL
optic region (r=0.43, p=0.02). For all eyes, regardless of
morphology, there was a positive correlation (0.67,
p<0.001) of OSI decrease with improvement in CDVA
that was similar to our study. McMillin et al*® retrospec-
tively compared subjective grading to double-pass retinal
imaging, measuring a mean decrease in OSI following
YAG capsulotomy of 2.84 + 0.76 (n=26, p=0.001), greater
than the mean improvement in our study as they only had
a few (n=4) eyes with low (1+) grading. In their series,
patients with good initial BCVA (0.10 logMAR or better,
n=10) but with symptoms of glare and halos also showed
significant improvement in OSI (—0.76 £ 0.16, p=0.001)
after capsulotomy, whereas the change in BCVA (—0.02 +
0.02, p=0.34) was not significant.

Using the HD Analyzer, we were able to measure
optical quality before and after intervention via YAG cap-
sulotomy in patients with PCO. Changes in HD Analyzer
metrics were compared to changes in high and low con-
trast uncorrected and best-corrected visual acuity to permit
for correlation of HD Analyzer metrics to visual acuity
improvement. Other studies have employed the HD
Analyzer to provide insight into cataract grading and

2427 retinal image quality with cataract surgery,'®

severity,
keratitis,”” keratoconus,” and dry eyes.'”' However,
these studies have not described the correlation between
the HD Analyzer parameters and both high and low con-
trast visual acuity.

We demonstrate here a moderate correlation of OSI to
degradation of visual acuity due to PCO. Our data suggest
that a scale using OSI can be implemented to predict the
effect of PCO on visual function and, correspondingly, the
potential utility of YAG capsulotomy, as a linear regres-
sion calculates no improvement in HC-BCVA if the pre-
YAG OSI is less than or equal to 1.08 and at least one line
improvement if the pre-YAG OSI is greater than or equal
to 2.93, with less than a line improvement expected if the
pre-YAG OSI is between these two values. A similar linear
regression calculates no significant clinical improvement
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in LC-BCVA if the pre-YAG OSI is less than or equal to
0.98, at least one line improvement if the pre-YAG OSI is
greater than or equal to 2.02, and at least two lines of
improvement if the pre-YAG OSI is greater than or equal
to 3.05. Hence, we propose the following preoperative HD
Analyzer parameters may be used to grade PCO in patients
with monofocal 10OLs:

-OSI < 2.01 mild PCO
-OSI 2.02 to 3.04 moderate PCO
-OSI > 3.05 severe PCO

The above grading system likely provides better clinical
utility in deciding whether to perform a YAG capsulotomy,
as low contrast vision more closely represents the visual
demand many patients experience on a daily basis.

YAG capsulotomy is not without risks. Although none
of our patients experienced worsening HC-BCVA, two of
the patients had worsening LC-BCVA, one of which had a
pre-OSI of less than 1.0. One patient had the Crystalens-
AT while the other had a standard monofocal IOL. Neither
had signs of IOL decentration/dislocation, capsulotomy
phimosis, retinal tears/detachments, or complaints of floa-
ters. Thus, having objective data that provides prediction
of visual acuity improvement, as we have in this paper,
helps weigh the risks and benefits of performing a YAG
capsulotomy. We also show that subjective PCO grading is
not a good predictor of visual impact, as it does not take
into account that forward scatter of light toward the fovea.

The pre-YAG OSI was predictive of approximately 60%
of the change in HC-BCVA. Other factors that may influ-
ence the change can include IOL material and design, IOL
thickness, IOL tilt,
nanoglistenings,*' or variation in internal scatter from ocu-

tear film changes, presence of
lar media opacities. Also, the HD Analyzer uses monochro-
matic infrared light for measure of scatter, which may not
adequately represent normal polychromatic light in regard
to the relative amount of scatter. To that point, some inves-
tigators using in vitro recordings have described angular
and wavelength dependence of PCO-related straylight,
which varied upon the nature and spatial distribution of
the PCO.** The HD Analyzer system cannot identify the
anatomical source of decreased visual quality.'”” While
intra- and inter-session repeatability has been established,*
dynamic factors such as tear film quality may cause varia-
tion in measurements.”’ Thus, it is imperative that these
variables be minimized, such as by application of an artifi-
cial tear immediately prior to measurement as we utilized in

this study. While the HD Analyzer system allows for con-
trol of the exit aperture, intra- and inter-measurement pupil
size variation must be taken into account if miosis occurs
and so measurements taken with a natural pupil of under 4
mm would not be comparable. In addition, while the HD
analyzer presents metrics of the patient’s retinal point
spread function, it does not take into account individual
variability in neural processing of the percept which also
plays an important role in the formulation of high and low
contrast visual acuity.

One weakness of the study is the lower limit of the
ETDRS chart used for vision testing was 20/16 (=0.1 log
MAR). Theoretically, a larger visual acuity improvement
may have been demonstrated if patients were tested with
charts that displayed smaller optotypes. Furthermore, only a
small number of eyes were included in this study and we
did not assess the morphology of the PCO. Future studies
with larger study populations may be explored with the HD
Analyzer system. In addition, previous studies of objective
scatter in pseudophakic patients without PCO indicate that
apodized and non-apodized multifocal IOLs have greater

mean OSI values than monofocal IOLs*>**

and so specific
predictive OSI cutoffs for Nd:YAG capsulotomy may need
to be customized for specific IOL models, as well as the
amount of angle kappa which appears to contribute to
scatter metrics, independent of capsular clarity, in patients
with multifocal or depth of focus IOLs.*’

The strengths of this study include its prospective
nature and the inclusion of patients with minimal capsular
fibrosis who were being treated prophylactically to prevent
Crystalens-related z-syndrome. This allowed us to estab-
lish lower thresholds for HD analyzer metrics that were
predictive of high and low contrast visual gain, providing
better guidance for these situations where the risk to ben-
efit ratio may be otherwise less clear.

Conclusions

The HD Analyzer provides objective measurement of
visual quality that can be used to quantify image degrada-
tion due to posterior capsular opacification and consequent
improvement with surgical intervention. The ability to
directly measure the forward scatter of light as it travels
through the optical system using the HD Analyzer system
provided higher correlation to post-capsulotomy changes
in high and low contrast visual acuity rather than subjec-
tive slit-lamp assessment of posterior capsular fibrosis via
backscattered light. Our data suggest specific preoperative
OSI that likelihood of

cutoffs may predict the
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improvement in high and low contrast vision following
Nd:YAG laser capsulotomy in patients with monofocal
and accommodating intraocular lenses.
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