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Abstract
Methods: 175 random cataract surgery videos (acrylic IOL)
were reviewed (observer masked). CCC morphology in
relation to the IOL was graded. Haigis and SRK-T formulae
were used to determine IOL power. Prediction errors (1
month refraction) were calculated and variances analyzed.

Results: Mean prediction errors were +0.24+0.50D (Haigis)
and +0.25+0.47D (SRK-T). The “worst” CCC group had the
lowest mean prediction error (p=0.01). No statistically
significant difference in variance was identified.

Conclusion: Within the range of CCC morphology examined,
there appears to be no relationship between CCC
morphology and IOL calculation predictability.
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Introduction
Since the introduction of the continuous curvilinear

capsulorhexis (CCC), recommendations have been offered as to
the optimal size of the capsulotomy relative to the intraocular
lens (IOL) optic [1,2]. While the preferred amount of
capsulorhexis-IOL overlap may vary from surgeon to surgeon
and may depend on the IOL model implanted, a CCC with 360°
of optic overlap is commonly recommended [3-5]. Excessive
overlap may cause a postoperative hyperopic shift and
incomplete overlap has been associated with IOL tilt [6-10]. The
arrival of femtosecond assisted cataract surgery brings the
promise of the perfect capsulorhexis. There are abundant claims
(multiple personal communications and some published data)
that a perfect capsulorhexis will improve outcomes [11-14]. The
hypothesis is that, even compared to acceptably shaped CCCs, a
perfectly centered, perfectly round anterior capsulotomy will
improve the predictability of the effective lens position. To date,
the data have been mixed, and even when differences in
refractive outcomes have been reported, the differences have
been subtle [15-18]. For example, in their study of 134 eyes,
Filkorn et al. demonstrated no statistically significant difference
in mean error but a “subtle” statistically significant difference in

mean absolute error when comparing refractive outcomes of
femtosecond cataract surgery and conventional cataract surgery.
Six different IOL models were used in this cohort, and no
discussion about the refractive outcomes with the various IOL
models was presented, making this study difficult to interpret.
Studying 90 eyes, Mastropasqua et al. concluded that the laser
capsulotomy groups (two groups) and manual capsulotomy
group had similar refractive outcomes at one week and one
month, but that there was a statistically significant difference in
spherical equivalent at 6 months (favorable for the laser groups).
Interestingly, the measure of refractive predictability, the
variance, appeared favorable for the manual group, although
this was not discussed in the report (the difference was not
likely statistically significant). A recent report by Okada et al. of
113 eyes undergoing cataract surgery with a manual
capsulotomy in a teaching hospital clinical setting found no
relationship between capsulorhexis morphology and refractive
outcomes, although refractive stability appeared to be
negatively impacted by incomplete optic overlap [19]. The
purpose of the present study is to investigate the impact of
capsulorhexis (CCC) morphology on predictability of intraocular
lens (IOL) calculations following routine cataract surgery by a
single, experienced surgeon, using a novel, simple method for
describing CCC morphology.

Materials and Methods
The study is HIPAA (Health Insurance Portability and

Accountability Act) compliant, and per the Health and Human
Services common rule definitions of Human Subjects,
Institutional Review Board (IRB) approval was not required [20].
The research reported herein adheres to the tenets of the
Declaration of Helsinki. This is a retrospective, observer masked
study in which 175 consecutive cataract surgery videos were
reviewed. All eyes had topical anesthesia, a 2.4 mm clear
corneal incision (sutureless), a manual CCC (with capsulorhexis
forceps), phacoemulsification with the Infinity System
(Alconlabs, Fort Worth, Texas), and implantation of a foldable
intraocular lens implant by a single surgeon (JMD). The observer
(JMD) was masked as to surgical outcome. CCC morphology in
relation to IOL position was graded. Presumed “ideal” CCC
morphology was considered 360 degrees (12 clock hours) of
overlap of the IOL by 0.25 mm to 0.75 mm. Eyes were graded as
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to number of clock hours of (1) perfect overlap, (2) excessive
overlap (>0.75 mm), or (3) insufficient overlap (<0.25 mm;
Figure 1).

Figure 1: A. Presumed “ideal” CCC morphology was
considered 360 degrees (12 clock hours) of overlap of IOL by
0.25 to 0.75 mm. B. Eyes were graded as to number of clock
hours of (1) perfect CCC, (2) excessive overlap (>0.75 mm), or
(3) insufficient overlap (<0.25 mm; Figure 2).

Subject eyes were placed in the “ideal” CCC group if 12 clock
hours (360 degrees) of ideal CCC overlap of the IOL. Eyes with
more than 3 clock hours of insufficient CCC overlap (<0.25 mm)
were placed in the “insufficient overlap” group, and eyes with
more than 3 clock hours of excessive CCC overlap (>0.75 mm)
were placed in the “excessive overlap” group. The plan was to
ultimately compare the “ideal” CCC group with the two “worst”
CCC groups (“insufficient overlap” and “excessive overlap”
groups). Only eyes receiving an aspheric acrylic monofocal IOL
(SN60WF; Alconlabs, Fort Worth, Texas) were included for data
analysis. Because the main outcomes measure was refractive
accuracy of the IOL calculations, the other inclusion criteria for
data analysis were postoperative corrected visual acuity of
20/40 or better and no prior history of refractive, corneal,
glaucoma, or retinal surgery. Eyes with visually significant ocular
comorbidities were also excluded from data analysis. Because
limbal relaxing incisions do not affect spherical equivalent
refractions [21-24], eyes that had LRIs performed at the time of
the cataract surgery were included for data analysis. For each
subject eye, prediction errors from one month postoperative
manifest refractions were calculated from the difference of the
manifest refraction spherical equivalent (MRSE) and the
predicted MRSE from the the SRK-T (not surgeon optimized) and
Haigis (previously optimized to give a numerical mean error of
zero) IOL calculation formulae [25,26]:

Prediction Error=Postoperative MRSE-Formula Predicted SE

In order to highlight the potential impact of CCC morphology
on IOL calculation predictability, the mean prediction errors and
variances were to be compared between the “ideal group” and
the least ideal (“worst”) groups (“insufficient overlap” and
“excessive overlap” groups) using the Student’s t-Test and
ANOVA (F-Test).

Results
Of the 175 surgical videos reviewed, 112 subject eyes met the

inclusion criteria for data analysis. Of the 63 eyes that did not
meet the inclusion criteria for data analysis, 47 eyes (27%)

received an aspheric acrylic apodized multifocal IOL (SN6AD1;
Alconlabs, Fort Worth, Texas), 13 eyes (12%) received an
aspheric acrylic toric IOL (SN6AT; Alconlabs, Fort Worth, Tx), 1
eye (1%) received a multifocal acrylic IOL (ZMB00; Abbott
Medical Optics, Santa Ana, CA), and two eyes received the
SN60WF but had reduced postoperative best spectacle
corrected visual acuity of <20/40 because of maculopathy. Of
the 112 eyes that met the inclusion criteria for data analysis, 48
(43%) were in the “ideal” group, 11 (10%) in the “insufficient
overlap” group, and 1 eye (1%) in the “excessive overlap” group
(Figure 2).

Figure 2: The groupings of those eyes that met the inclusion
criteria for data analysis.

Figure 3: Mean prediction errors and standard deviations are
listed for the total cohort, the “ideal CCC” group, and the
“worst CCC” group. The statistical comparisons are between
the “ideal” and “worst” groups.

Eleven eyes (10%) had LRIs performed – 5 eyes (10%) in the
“ideal” group and 1 eye (9%) in the “insufficient overlap” group.
The one eye in the “excessive overlap” group did not have an LRI
performed. Because there was only one eye that qualified for
inclusion in the “excessive overlap group,” the statistical
comparisons were performed on the “ideal” and “insufficient
overlap” groups. Figure 3 shows that the lowest mean prediction
error was seen with “insufficient overlap” group using the Haigis
IOL calculation formula. This difference was statistically
significant (p=0.01). The lowest standard deviation was found in
the same group, but this difference was not statistically
significant (p=0.46). The prediction errors for the one eye in the
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“excessive overlap” group were -0.33D (Haigis) and -0.07D (SRK-
T).

Discussion
Interestingly, the lowest mean prediction error was seen in

the worst CCC group (“insufficient overlap”). The difference was
only statistically significant for the Haigis formula, with a p-value
0.01. The most important measure of IOL calculation formula
predictability is the variance (nomogram adjustments can
accurately be made if the spread of the data is low), and no
statistically significant difference could be identified between
the “worst” and “ideal” CCC groups in this regard. By comparing
the eyes with very little to no CCC overlap of the IOL to those
eyes with “ideal’ CCC morphology, the thought was that, if
differences in IOL power calculation predictability exist, this
comparison should demonstrate the difference. Certainly it is
possible that differences would be apparent if larger numbers of
eyes with longer follow-up were studied. However, if a
statistically significant difference in the variances can only be
found, hypothetically, in a much larger cohort than 112 eyes, is
creating the “ideal CCC” even clinically relevant? It is also
possible that the pre-study assumptions of “ideal” CCC
morphology are wrong and that there is, instead, some other
CCC morphology that is, in fact, the ideal one for IOL power
calculation predictability. The method of describing CCC
morphology is simple and easily reproducible by other surgeon
investigators without the need for sophisticated geometry
formulas or computer programs. It is possible, however, that
other methods of describing CCC morphology would yield
different outcomes. It was notable how few eyes were
categorized as having the “worst” CCC morphology, considering
that these surgeries were performed prior to initiating (and even
planning) the study. It would be interesting to examine how
consistently an “ideal” CCC morphology could be achieved,
manually, if the surgeon were to consciously strive to achieve
that specific goal. Presumably, such a goal could be achieved in
more than the 43% of eyes seen in this study. Optical zone
markers, calipers or novel devices can be used as a guide/
template when constructing the CCC, but the results of this
study do not make a compelling argument in favor of taking
extra steps in an attempt to improve IOL calculation
predictability [27,28]. From a safety standpoint, out of the 175
consecutive surgical cases reviewed, there were no cases of truly
aberrant CCCs (i.e., anterior capsule tears) or posterior capsule
ruptures. It should also be noted that, when reviewing the
surgical video footage, there were cases that seemed to have
perfectly sized and centered CCC but wound up having less than
“ideal” CCC overlap of the IOL. In other words, simply because a
CCC looks perfect prior to initiating lens removal, it does not
necessarily follow that the IOL’s center will align with the center
of a seemingly perfect CCC. This issue would be expected to
arise whether a CCC is created manually or with a femtosecond
laser. In conclusion, the data suggest that there is no
relationship between capsulorhexis morphology (within the
range of capsulorhexis morphologies studied) and refractive
outcomes in cataract surgery. Inasmuch as differences were not
evident between “ideal” and “worst” CCC groups, if differences
do, in fact, exist, they very well may be subtle.
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