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Purpose: To analyze intraocular lens (IOL) orientation data from an online toric back-calculator
(astigmatismfix.com) for determining if differences were apparent by lens type.

Methods: A retrospective review of astigmatismfix.com toric back-calculations that included
IOL identification and intended orientation axis.

Results: Of 12,812 total validated calculation records, 8,229 included intended orientation
and lens identification data. Of the latter, 5,674 calculations (69%) involved lenses oriented
5° or more from their intended position. Using estimated toric lens usage data, the percentage
of lenses with orientation =5° from intended was 0.89% overall, but the percentage varied
significantly between specific toric lens brands (P<<0.05). The percentage of back-calculations
related to lenses that were not oriented as intended was also statistically significantly different
by lens brand (P<<0.05). When IOLs were misoriented, they were significantly more likely to
be misoriented in a counterclockwise direction (P<<0.05). This was found to be due to a bias
toward counterclockwise orientation observed with one specific brand, a bias that was not
observed with the other three brands analyzed here.

Conclusion: The percentage of eyes with lens orientation =5° from intended in the Toric
Results Analyzer data set was <1% of toric IOLs in general, with the relative percentage of
Tecnis® Toric IOLs significantly higher than AcrySof® Toric IOLs. Both of these had higher
rates than the Staar® Toric and Trulign® Toric lenses, with the availability of higher Tecnis
and AcrySof cylinder powers a likely contributing factor. The AcrySof Toric IOL appears to
be less likely than the Tecnis Toric IOL to cause residual astigmatism as a result of misori-
entation. The Tecnis Toric IOL appears more likely to be misoriented in a counterclockwise
direction; no such bias was observed with the AcrySof Toric, the Trulign® Toric, or the Staar
Toric IOLs.

Keywords: rotation, AcrySof, Tecnis, toric back-calculator, cylinder

Introduction

Significant corneal astigmatism is present in a large proportion of patients presenting
for cataract surgery; in a large data set, more than 36% of eyes had >1.0 D while an
estimated 74% had >0.50 D.' One of the most effective ways to reduce astigmatism
at the time of cataract surgery is by implanting toric intraocular lenses (IOLs).?
Results suggest ~70% of eyes treated with toric IOLs will have a residual refractive
astigmatism =0.5 D, though outcomes by study vary.>”

One of the key factors influencing the amount of residual astigmatism in the eye
is the orientation of the toric IOL. For every degree that the orientation of a toric
lens differs from the ideal, there is an ~3.3% decrease in its effectiveness at reducing
astigmatism.® If a toric lens is 30° away from its ideal orientation, the magnitude of
the preexisting astigmatism of the eye is not changed, but the axis of that astigmatism
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is altered. Such deviations from the intended lens location
may be due to inaccuracies in the lens placement or a result
of lens rotation.”

Lens rotation is one of the most commonly discussed
reasons for toric IOL alignment errors. The average toric
lens rotation is usually <5° with good rotational stability
between visits.>”® Toric lens rotation more than 10° is
relatively rare, reported to vary from 3% to 20% depending
on the IOL model.* Low powered toric IOLs rotating <10°
are expected to change most clinical refractions by 0.5 D or
less.® Studies suggest that most toric lenses rotate within the
first 14 days after surgery though rotation stability has been
noted to take up to 1 month.®'°

A toric back-calculation website (astigmatismfix.com,
Ocular Surgical Data LLC, Sioux Falls, SD, USA) provides
the opportunity for surgeons faced with residual astigmatism

after a toric IOL implantation to enter current refractive and
lens orientation data, along with the IOL cylinder power, to
determine if reorienting the lens would reduce or eliminate
the residual astigmatism. De-identified data related to the
calculation are collected and stored in a file designed for
analysis. Figure 1 shows the current data input screen (A)
and the output screen (B) for the website.

A Berdahl and Hardten toric IOL calculator
Instructions:

1. Enter manifest refraction in plus or minus power
2. Enter the axis of the patient's current Toric I0L and choose the magnitude from the list on the right

This analysis was initiated to determine if the aggregate
results from users of the toric back-calculation website could
provide some insights into the nature of lens misorientation
or rotation after implantation of toric IOLs.

Methods

An application to request approval for a review of the data
collected from the website was submitted to the University
of lowa Human Subjects Office/Institutional Review Board.
In the application, it was noted that there was no protected
health information in the data set. On review, the Institutional
Review Board indicated that approval for the proposed
analysis was not required; a signed waiver was issued.

The complete data set from the website included all
calculations collected since inception (January 1, 2012
to December 31, 2015). Earlier iterations of the data set,
before September 2013, did not include lens identification
or orientation data — records prior to September 2013 were
excluded from the present analysis. A filtering process was
applied to identify and remove erroneous data, and to account
for multiple calculations for the same eye. Only records that
included a lens identifier and the originally intended orien-
tation of the IOL were retained. Data analysis included the

Berdahl and Hardten toric IOL calculator results
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Figure | The astigmatismfix.com input (A) and output (B) screens.
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Note: Copyright © 2015, reproduced with permission from Ocular Surgical Data LLC."®

Abbreviation: |OL, intraocular lens.
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generation of relevant numeric and categorical variables from
the data set, such as the difference between the actual lens
orientation and intended lens orientation. All astigmatism cal-
culations were performed using double-angle vector math.

The potential success of reorientation in reducing residual
refractive astigmatism was calculated in two ways. The first
was the expected percentage reduction in the magnitude of
residual astigmatism after optimal orientation of the IOL.
The second was categorical, where a resultant magnitude
of residual refractive astigmatism after reorientation that
was =0.5 D was considered a “Good” result; anything higher
suggested an IOL with a different cylinder power would be
required — “New [OL”.

The data from the online website, stored in a comma-
delimited text file, were imported into an MS Access data-
base (Microsoft Corporation, Redmond, WA, USA) for
data checking, filtering, collation, and preliminary analysis.
Statistical analyses were performed using the STATISTICA
data analysis software system, version 12 (StatSoft, Inc.,
Tulsa, OK, USA). Statistical testing was performed using
analysis of variance on continuous variables and appropriate
nonparametric tests on categorical data. Statistical signifi-
cance was set at P=0.05.

Results

The data file from inception of the website to December 31,
2015 included a total of 35,846 calculation records, with
calculation requests submitted from an estimated 3,000
surgeons. Initial filters to identify valid records were applied
(eg, “eye” =right or left, axes of astigmatism were between
0° and 180°, absolute residual refractive cylinder =10.0 D,
absolute residual refractive sphere was =6.0 D). Records
from known site testers were also removed, along with
records that were exact duplicates. Suspected research work
(>10 calculations on a given day for the same lens) was iden-
tified and related records deleted; users were queried using
their email address to confirm such use. This preliminary
data qualification reduced the data set to 19,018 calculation
records. Of these, 8,793 were identified as “unique”, being
the only calculation on a given day for a specific IOL and a
given user; the other 10,225 records were considered pos-
sible duplicates. A test of several algorithms to aggregate
these possible duplicates suggested that the most reliable
method was to take the final calculation record for a given
user and IOL combination on a given day as the “best”; the
other calculations were discarded. This approach yielded
4,019 records for a total of 12,812 (8,793+4,019) calculation
records for analysis.

Data from early versions of the software (before 9/13)
were excluded, leaving 10,176 records that included the
intended axis of orientation of the lens and identified the
lens (by brand, or as “Not Specified/Other”). Of these,
8,229 records specifically identified the IOL; these records
comprised the analytical data set for this particular analysis.
There were four different toric IOLs specifically identified in
the data set, catalogued as follows: group A (AcrySof® Toric,
Alcon Laboratories, Inc, Fort Worth, TX, USA), group T
(Tecnis® Toric, Abbott Medical Optics Inc., Santa Ana,
CA, USA), group S (Staar® Toric, Staar Surgical Company,
Monrovia, CA, USA), and group B (Trulign® Toric, Bausch &
Lomb Surgical, Inc., Rancho Cucamonga, USA).

The time period in which the calculations above were
made was from September 2013 to the end of 2015. Figure 2
shows the percentage of toric back-calculations requested by
group by quarter for 2014 and 2015, based on the estimated
lens usage data for each quarter.'' Average quarterly lens
usage volume in the USA in that 2-year period was 54,000
for group A, 12,000 for group T, 4,000 for group B, and 3,000
for group S. Back-calculation percentages are lower, and
appear more variable, in the lower volume groups (B and S)
over the given time period. Group T lenses were associated
with a relatively higher usage of the toric back-calculator.

With the data set described above, the difference between
the current (actual) lens orientation and the intended orienta-
tion could be calculated. Differences >5° were of interest, as
orientation differences <5° were considered inside the noise
of orientation measurement. Table 1 contains a summary of
the number of lenses in the data record that were more than
5° from intended orientation (in either direction) by lens
group, along with the total number of lenses by lens group
and estimated usage of lenses in the US in the time period of
interest, as an indicator of relative volume. Comparing the
two largest groups (groups A and T), a statistically significant
difference was observed in both the percentage of lenses in
the back-calculation data set that demonstrated an orienta-
tion different from intended and the percentage of lenses
demonstrating an orientation difference relative to overall
estimated lens use. The lenses in group T were significantly
more likely to be misoriented relative to the lenses in group A
(P<0.01). Both groups T and A were significantly more
likely to be misoriented than groups B and S (P<<0.01) with
no difference between groups B and S (P=0.90).

Direction of orientation was also of interest; this could
be determined from the sign of the angle difference between
the intended and actual orientation, as it was presumed that
lenses rotated or were misaligned by <90°. Figure 3 shows
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Figure 2 Online toric back-calculations as a percentage of estimated lens usage in the USA by group.

Notes: Group A, AcrySof® Toric (Alcon Laboratories, Inc, Fort Worth, TX, USA); group T, Tecnis® Toric (Abbott Medical Optics Inc., Santa Ana, CA, USA); group S, Staar®
Toric (Staar Surgical Company, Monrovia, CA, USA); and group B, Trulign® Toric (Bausch & Lomb Surgical, Inc., Rancho Cucamonga, USA).

Abbreviations: |IOL, intraocular lens; Ql, January | to March 31; Q2, April | to June 30; Q3, July | to September 30; Q4, October | to December 31.

the percentage of eyes by IOL group that were clockwise and
counterclockwise of the intended orientation. Only group T
demonstrated any statistically significant bias, with a higher
percentage of lenses oriented counterclockwise from the
intended direction (P<<0.001, chi-square test, 95% confidence
interval of the odds ratio [1.65, 2.13]).

The average refractive cylinder before any calculated
lens adjustment was 1.8£1.0 D. Figure 4 shows the expected
percentage reduction in the magnitude of residual refractive
astigmatism by IOL group and whether the IOL was oriented
as intended or not. There was a significantly higher reduc-
tion expected for lenses that were not oriented as intended,
relative to those that were oriented as intended, for all lens
groups but group B. A slightly higher reduction was expected

Table | Percentage of intraocular lenses not oriented as intended

for group T than A with lenses that were not oriented as
intended (P<<0.001).

Table 2 contains a summary of the categorical findings,
indicating whether a new lens might be the best option
(residual refractive cylinder >0.5 D) after consideration of
reorienting the lens in the eye. Where the IOL was oriented
within 5° of the intended orientation, only the group B lenses
differed in the percentage of new IOLs suggested (P>0.05)
between the lens groups, with a higher percentage of Good
results. Where IOLs were not within 5° of the intended
orientation, there was a significantly lower percentage
of Good results for group A, and a significantly higher
percentage of Good results for group T, with no difference
between the other groups. Overall, calculations suggested

Group Orientation =5° Total % of total P, OR® Estimated % of estimated P,> OR®
from intended (n) cases cases usage® usage

Group A 3,556 5,552 64 <0.0001 473,400 0.75 <0.0001

Group T 1,953 2,406 8l (2.15,2.72) 105,000 1.86 (2.37, 2.65)

Group B 98 177 55 34,100 0.29

Group S 67 94 71 23,800 0.28

Total 5,674 8,229 69 636,300 0.89

Notes: *Chi-square test, °95% confidence limit of odds ratio (OR), based on Market Scope quarterly survey of US cataract surgeons. Group A, AcrySof® Toric (Alcon
Laboratories, Inc, Fort Worth, TX, USA); group T, Tecnis® Toric (Abbott Medical Optics Inc., Santa Ana, CA, USA); group S, Staar® Toric (Staar Surgical Company, Monrovia,
CA, USA); and group B, Trulign® Toric (Bausch & Lomb Surgical, Inc., Rancho Cucamonga, USA).
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Direction of rotation
(% of IOLs rotated by 25 degrees)

CCW CW
Group A (n=3,556) P=0.33*
Group T (n=1,953) P<0.01
Group S (n=67) P=0.55
Group B (n=98) P=0.09
-80 —-60 —-40 -20 0 20 40 60 80

Rotation in degrees
(negative values are CCW and positive values are CW)

Figure 3 Lens misorientation by group and direction.

Notes: *Likelihood results are equally distributed around zero. Group A, AcrySof® Toric (Alcon Laboratories, Inc, Fort Worth, TX, USA); group T, Tecnis® Toric (Abbott
Medical Optics Inc., Santa Ana, CA, USA); group S, Staar® Toric (Staar Surgical Company, Monrovia, CA, USA); and group B, Trulign® Toric (Bausch & Lomb Surgical, Inc.,
Rancho Cucamonga, USA). Statistically significant values are shown in bold (P<<0.05).

Abbreviations: CCW, counterclockwise; CW, clockwise; IOL, intraocular lens.

Vertical bars denote 95% confidence intervals
75 . . r r

65|

55|

45|

35|

25}

refractive astigmatism

20 | ]

Percentage reduction in residual

15}

10 =% Lenses >5 degrees from intended orientation
5} =& Lens within 5 degrees of intended orientation

Group A Group T Group S Group B
IOL group

Figure 4 Expected percentage reduction in residual refractive astigmatism magnitude after IOL reorientation.

Notes: Group A, AcrySof® Toric (Alcon Laboratories, Inc, Fort Worth, TX, USA); group T, Tecnis® Toric (Abbott Medical Optics Inc., Santa Ana, CA, USA); group S, Staar®
Toric (Staar Surgical Company, Monrovia, CA, USA); and group B, Trulign® Toric (Bausch & Lomb Surgical, Inc., Rancho Cucamonga, USA).

Abbreviation: IOL, intraocular lens.

Clinical Ophthalmology 2016:10 submit your manuscript 1833

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Potvin et al

Dove

Table 2 Suggested new intraocular lens (IOL) by lens group and

orientation

Oriented 1oL Total Good* New % good P-value®
as intended group IoL®

No Group A 3,556 1,382 2,174 389 <0.01
No Group T 1,953 928 1,025 475 <0.01
No GroupB 98 52 46 53.1 0.12
No GroupS 67 29 38 433 0.86
No All lenses 5,674 2,391 3,283 42.1

Yes Group A 1,996 671 1,325 336 0.59
Yes Group T 453 160 293 353 0.78
Yes GroupB 79 41 38 51.9 0.03
Yes GroupS 27 7 20 259 0.55
Yes Overall 2,555 879 1,676 344

All lenses 8229 3270 4959 397

Notes: *Expected residual refractive cylinder =0.50 D after optimal IOL rotation,
bexpected residual refractive cylinder >0.5 D after optimal IOL rotation, ‘chi-square
test of expected vs observed ratio. Group A, AcrySof® Toric (Alcon Laboratories,
Inc, Fort Worth, TX, USA); group T, Tecnis® Toric (Abbott Medical Optics Inc.,
Santa Ana, CA, USA); group S, Staar® Toric (Staar Surgical Company, Monrovia,
CA, USA); and group B, Trulign® Toric (Bausch & Lomb Surgical, Inc., Rancho
Cucamonga, USA).

that residual refractive astigmatism magnitude could be
reduced to below 0.5 D in ~40% of all cases, with a higher
rate (42%) in eyes with a lens not at the intended orientation
and a lower rate (34%) in eyes with a lens within 5° of the
intended orientation.

Discussion

A number of factors have been identified that appear to
increase the likelihood of toric IOL rotation. These include
longer axial lengths,'® inaccurate capsulorhexis size and
centration,® incomplete removal of ophthalmic viscosurgical
devices,*'? changes in intraocular pressure,'? and orientation of
the IOL. Additional factors include the planned IOL orienta-
tion, as well as changes in the patient’s intraocular pressure.'?
Some of these factors are correlated. Patients with long eyes
are likely to have more corneal measurement errors, inac-
curacies in the capsulorhexis size, receive a thinner lens, and
may already have weak zonules, all of which can contribute
to poor lens stability.»!%!3 In one large study, 1.6% (6/378)
of eyes exhibited more than 20° of toric lens rotation; all six
eyes had an axial length >25.0 mm and a vertically-oriented
lens.® Lower levels of anterior capsular opacification are
also associated with an increased likelihood of lens rotation
because of the reduced binding force from the anterior cap-
sule to the lens." Finally, lens material and design have also
been reported to affect rotational stability.®!? Our results, with
significantly more misoriented lenses for one specific brand of
toric IOL, provide additional evidence for this contention.

The “rate” of significant misorientation was calculated
here as the number of cases submitted for back-calculation
over estimated US lens usage in the same time period. The
rate of just under 1% reported here appears reasonably con-
sistent with previous findings. In a recent meta-analysis, toric
IOLs in 1.1% (6/554) of eyes needed to be reoriented due to
excessive rotation, though one of the lenses with excessive
rotation was of a design no longer commercially available.?
It should be noted that a significant number of cases where
residual astigmatism is present following a toric IOL implan-
tation may not have been entered into astigmatismfix.com.

However, relative rates reported here are likely to be valid
because, even though possible, it is not expected that users
of a specific IOL would be more or less likely to utilize
astigmatismfix.com for calculations than users of another
IOL. Our results suggest that residual astigmatism as a func-
tion of misorientation was more likely with the Tecnis toric
lens than the AcrySof toric lens, but rates for both lenses are
very low (<2%) in our data set. Smaller data sets of norma-
tive data have not shown this difference, which is likely a
function of the smaller sample size.'*

Figure 2 shows lower rates of misorientation for two lens
models (Trulign® Toric and Staar Toric). The maximum cyl-
inder power at the corneal plane is <2.50 D for both of these
IOLs. All other things being equal, lower cylinder power IOLs
will induce relatively lower residual refractive astigmatism
with misorientation; it is reasonable to surmise that this would
result in correspondingly fewer toric back-calculations being
submitted, given that the average residual refractive cylinder
for all calculations analyzed here was 1.8 D. Figure 2 also
shows an apparent increase in the rate of back-calculations
for the Tecnis Toric lens around the beginning of 2015. This
may be a function of higher cylinder power options that
became available for this IOL in 2015. The effects of the level
of cylinder in these IOLs have not been analyzed here; we
anticipate addressing this issue in a future manuscript.

The direction of toric lens rotation has been reported to
occur most often in a clockwise direction.!® This is usually
attributed to the configuration of the lens haptics and/or capsule
effects.®!> Our findings suggest no bias in lens misorientation
with three of four toric IOLs in our data set, but a significant
bias to counterclockwise misorientation with the Tecnis Toric
IOL. There are insufficient data in the current calculation
record to determine whether differences in orientation were
due to misalignment or actual IOL rotation. Future modifica-
tions to the website may allow collection of more detailed data,
which might help with this (and other) question.
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A limitation of the study is that the analysis above was
primarily concerned with a difference in lens orientation
from intended, as this is a measure of the ability to accurately
place the lens and have the lens remain in place. It should be
noted that the intended toric lens orientation, determined from
preoperative calculations, may not be the ideal orientation.
There were significant numbers of lenses of all brands that
were oriented as intended, yet significant residual refractive
astigmatism is evident. While it has been suggested that
inaccuracies in the corneal measurements are a major cause
of refractive surprises,’ particularly for those with little
preoperative astigmatism, the issue has not been investigated
here. Other possibilities include the effects of surgically
induced astigmatism, posterior corneal astigmatism, and
variability in refractive astigmatism measurement. Again,
modifications to the website may provide the additional data
necessary to explore these issues further.

Finally, the website was designed not for the purpose of
data collection, but to provide surgeons a method to deter-
mine if residual refractive astigmatism after toric IOL implan-
tation might be reduced or eliminated. The average reduction
in refractive cylinder expected after IOL rotation was ~50%,
as shown in Figure 4. The calculated results shown in Table 2
suggest that IOL rotation, without exchange, will be sufficient
to reduce residual refractive astigmatism to below 0.50 D in
more than 40% of cases. For the remaining 60% of cases, an
alternative method of correction, such as IOL exchange or
laser vision correction, might be required to achieve sufficient
reduction of residual astigmatism.

Conclusion

The percentage of eyes with lens orientation =5° from
intended in the Toric Results Analyzer data set was <1%
of toric IOLs in general, with the relative percentage of
Tecnis Toric IOLs significantly higher than AcrySof Toric
IOLs. The AcrySof Toric IOL appears to be less likely than
the Tecnis Toric IOL to cause residual astigmatism as a result
of misorientation. The Tecnis Toric IOL appears more likely
to be misoriented in a counterclockwise direction; no such
bias was observed with the AcrySof Toric IOL.
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