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Purpose: To compare the clinical outcomes from laser refractive surgery performed with the 
same laser with and without incorporating iris registration technology to compensate for 
ocular cyclotorsion.
Design: Single-site, two-arm, retrospective chart review.
Methods: Clinical outcomes at a single site after wavefront-optimized LASIK using the 
Wavelight excimer laser with and without the Vario imaging system for iris registration 
(IR) were evaluated. Eligible subjects were those that received on-label wavefront- 
optimized treatment of myopia with astigmatism >1.5 D. Measures of interest were the 
amount of residual refractive cylinder after surgery, the refractive error, and the best- 
corrected (BCVA) and uncorrected (UCVA) visual acuities, with a target follow-up of 
around 90 days.
Results: A total of 112 eligible eyes that were treated with IR and 126 similar eyes treated 
without IR (NO IR) were included. The refractive sphere and spherical equivalent refractions 
were statistically significantly different between groups (p < 0.05), but the mean differences 
were <0.1 D in both cases. Refractive cylinder averaged around 0.12 D and was not 
statistically significantly different between groups. The number of eyes with residual cylinder 
>0.50 D was higher in the NO IR group vs the IR group (6% vs 1%, respectively, p = 0.04). 
The mean logMAR UCVA and BCVA were statistically significantly better in the IR group, 
with a difference of 1.5 letters for UCVA and 1.0 letters for BCVA (p < 0.001 for both). 
Significantly more eyes in the IR group had a UCVA (p = 0.01) and a BCVA of 20/15 or 
better (p = 0.003). Overall, 96% of eyes in the IR group and 91% of eyes in the NO IR group 
had uncorrected visual acuity of 20/20 or better.
Conclusion: Iris registration with the VARIO imaging device demonstrably reduced the 
overall variability in clinical outcomes.
Keywords: LASIK, laser refractive surgery, cyclotorsion, iris registration, astigmatism, 
VARIO

Plain Language Summary
Laser refractive surgery is a very common procedure for people interested in reducing their 
need for glasses or contact lenses. Modern results are excellent, with most patients obtaining 
20/20 or better vision after surgery. Refractive surgery can correct far-sightedness and near- 
sightedness, and can also correct astigmatism, an optical error that causes blurriness at all 
distances. Astigmatism results when the curvature of the front of the eye is not a sphere, but 
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more like a football, where the curvature from end to end is not 
as pronounced as around the diameter. There is, therefore, an 
orientation (or axis) to this astigmatism.

When we lie down, our eyes rotate a bit, which means any 
measurement of an astigmatism axis when one is sitting up (for 
instance, when vision is tested) will change slightly when one 
lies down (for instance, when having laser refractive surgery). 
The difference varies between people but is usually 3–5 degrees. 
The current study was designed to see if “iris registration”, 
a method of adjusting the laser treatment to account for this 
rotation, could improve overall outcomes. Subjects in our study 
had excellent results, but the iris registration group had slightly 
better results, and slightly less overall variability.

Introduction
Laser vision correction (LVC) is collectively one of the 
most common elective eye procedures performed world-
wide. It consists of three general types including photore-
fractive keratectomy (PRK), laser in situ keratomileusis 
(LASIK), and small incision lenticule extraction (SMILE). 
In all three procedures, proper alignment of preoperative 
measurements, particularly the axis of refractive astigma-
tism, to corneal position during surgery is needed for 
accurate and precise excimer ablation.1 Misalignment of 
the planned ablation pattern can impact postoperative 
visual outcomes, especially with wavefront and topogra-
phy-guided procedures, or in eyes with moderate to high 
astigmatism.

The alignment of the ablation pattern based on preo-
perative refractive measurements during surgery is most 
affected by ocular cyclotorsion and pupil decentration. 
Cyclotorsion commonly occurs when patients move from 
an upright position (typical for preoperative measure-
ments) to a supine position during surgery. Patient eyes 
can rotate by up to 14 degrees when supine during LVC, 
though the average is 2–3 degrees.2,3 In addition to cyclo-
torsion from moving to a supine position, patient eyes may 
also exhibit intraoperative cyclotorsion during the LVC 
procedure. Eye rotations of up to 13.5 degrees have been 
reported to occur intraoperatively.3,4 The pupil center can 
be in different positions under different illumination con-
ditions, and pupil decentration has also been reported to 
occur intraoperatively.5

Manual compensation for corneal cyclotorsion can be 
performed by marking the sclera at the slit lamp while the 
patient is upright and overlapping those marks with the 
microscope reticle at the time of surgery when the patient 
is supine.6 This method results in good refractive 

outcomes, but is prone to human error due to variability 
in marking and the width of the actual mark. Iris registra-
tion (IR) offers the potential for much better alignment. It 
works by capturing an image of unique iris details and 
using these details for iris recognition and cyclotorsion 
identification while the patient is supine.7

The Wavelight® Topolyzer™ Vario imaging device 
(Alcon Laboratories, Inc., Fort Worth, TX) utilizes iris 
registration for wavefront-optimized LASIK treatments. 
It also allows for centration of the laser ablation at the 
corneal apex versus the center of the pupil. The use of the 
Vario device in LASIK and PRK has resulted in excellent 
clinical outcomes to date.7,8 However, there are currently 
no studies that directly compare outcomes with and with-
out the use of Vario. The purpose of the present study was 
to evaluate the clinical outcomes from refractive surgery 
performed with the same laser with and without incorpor-
ating the Vario imaging device.

Methods
This study was a retrospective chart review, comprising 
a two-arm study of clinical outcomes at a single site after 
wavefront-optimized LASIK using the Wavelight excimer 
laser with and without the Vario imaging system. The 
study was approved by an institutional review board 
(Salus IRB, Austin, TX, USA) with a waiver of informed 
consent; the extracted chart data were de-identified. The 
study was conducted in compliance with International 
Harmonization (ICH) guidelines, Good Clinical Practice 
(GCP), and the tenets of the Declaration of Helsinki. There 
was no clinical intervention, so there was no requirement 
to register the study with any clinical trial registry.

Using an alpha of 0.05 and a beta (power) of 0.8, it was 
determined that a two-sided test of two proportions would 
require 99 eyes in each group to reliably confirm 
a presumed difference of 10% (88% vs 98%). The intent 
was to collect data from a minimum of 100 eyes treated 
using VARIO (iris registration or IR group) and 100 eyes 
treated without (NO IR group). The imaging in the IR 
group allowed for compensation of cyclotorsion and cen-
tration of the ablation pattern at the corneal apex. The NO 
IR group had no cyclotorsion compensation and the abla-
tion pattern was centered on the pupil. Since this was 
a retrospective study, dropout was not expected.

Eligible subjects were those that received on-label 
wavefront-optimized treatment of myopia with astigma-
tism using the Wavelight Laser (Alcon Laboratories, Inc., 
Fort Worth, TX, USA), with or without the Vario imaging 
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system. Subjects were excluded if they had clinically- 
significant ocular pathology other than residual refractive 
error, a history of previous refractive surgery, myopia 
greater than 8.00 D, cylinder that was less than 1.50 
D or greater than 6.00 D, abnormal topographies, calcu-
lated residual stromal bed thickness less than 250 microns, 
or suboptimal surgical outcomes that were not related to 
the method of treatment.

The primary measure of interest was the amount of 
residual refractive cylinder present after surgery, reported 
as both a mean value and the number/percentage of eyes 
with postoperative refractive cylinder >0.50 D. Secondary 
measures included the spherical equivalent refractive error, 
and the best-corrected and uncorrected visual acuities 
(BCVA and UCVA, respectively).

Manual and electronic data records were used to 
identify eyes that fit the inclusion and exclusion criteria 
above. De-identified data from the preoperative examina-
tion and examinations in the 1-month to 6-month month 
postoperative period were extracted from these clinical 
records. The postoperative exam selected for analysis for 
any eye was the one closest to 90 days after surgery. 
Preoperative data included age, sex, and preoperative 
refractive error. Postoperative data included the follow- 
up time, the postoperative best-corrected and uncorrected 
distance visual acuities and the manifest refraction. 
Visual acuities were converted to the equivalent log of 
the minimum angle of resolution (logMAR) notation for 
statistical analysis.

Statistical analyses were performed using Statistica 12 
(TIBCO Software Inc., Palo Alto, CA, USA). An analysis 
of variance (ANOVA) was used for parametric compari-
sons and the Chi-squared test was used for non-parametric 

comparisons. In all cases, p ≤ 0.05 was considered 
significant.

Results
A chart review identified 112 eyes that were treated with 
IR, and 126 similar eyes were identified for inclusion in 
the NO IR group. Table 1 shows the relevant demo-
graphics, preoperative refractive status and the time of 
follow-up. As can be seen, the two groups were well 
matched, with a statistically significant difference in only 
one of the variables reported. The BCVA in the NO IR 
group was marginally better than in the IR group, but the 
difference was clinically negligible (half a logMAR letter, 
or 1/10 of a logMAR line). Outcomes for the majority of 
eyes in both groups (>80%) were reported between 30 and 
120 days postoperative, with data from all eyes limited to 
between 3 weeks and 6 months. There were no adverse 
events identified and no safety concerns in the data set 
extracted.

Table 2 contains the summary refractive and visual 
acuity data for the two groups. The refractive sphere and 
spherical equivalent refractions were statistically signifi-
cantly different, but the mean differences were <0.1 D in 
both cases. This is likely to be clinically insignificant. 
Refractive cylinder was not statistically significantly dif-
ferent between the two groups, averaging around 0.125 
D for both groups. However, Figure 1 shows the distribu-
tion of residual refractive cylinder. A chi-squared test 
showed that the number of eyes with a residual cylinder 
>0.50 D was higher in the NO IR group than in the IR 
group (6% vs 1%, respectively, p = 0.04). Note that 75% 
of eyes in the IR group and 73% of eyes in the NO IR 
group had no residual cylinder after surgery. Given this, 

Table 1 Demographics, Preoperative Refractive Status and Follow-Up Time

n IR NO IR p

112 126

Age (years) 30.0 ± 7.2 (18 to 54) 30.2 ± 7.0 (18 to 55) 0.87
Sex (M/F) 60/52 64/62 0.67

Preoperative refraction (D)
Sphere −2.82 ± 1.79 (−6.75 to 0.00) −2.64 ± 1.70 (−7.50 to 0.00) 0.43

Cylinder 2.43 ± 0.84 (1.50 to 5.25) 2.33 ± 0.66 (1.50 to 4.75) 0.27

Spherical equivalent −4.04 ± 1.79 (−8.00 to −0.88) −3.80 ± 1.67 (−8.25 to −1.00) 0.30
Preoperative BCVA (logMAR) 0.00 ± 0.01 (−0.10 to 0.04) −0.01 ± 0.03 (−0.10 to 0.06) < 0.01

Follow-up time (days) 89 ± 32 (20 to 168) 87 ± 27 (27 to 157) 0.73
Follow-up between 30 and 120 days 90/112 (80%) 106/126 (84%) 0.45

Abbreviations: IR, iris registration, D, diopter, BCVA, best-corrected visual acuity; logMAR, log of the minimum angle of resolution.
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a detailed vector analysis of results was not deemed 
necessary.

The mean logMAR UCVA and BCVA were statisti-
cally significantly better in the IR group, but the differ-
ences were minor (1.5 letters for UCVA, 1.0 letters for 
BCVA). Figures 2 and 3 show the distribution of UCVA 
and BCVA by group, to the nearest line of Snellen 
acuity. Significantly more eyes in the IR group had 

a UCVA of 20/15 or better (41% vs 25%, p = 0.01) 
and a BCVA of 20/15 or better (47% to 29%, p = 
0.003). While more eyes in the NO IR group had 
UCVA of 20/25 or worse, the difference was not statis-
tically significant (p = 0.07). Overall acuities were 
excellent, with 100% of eyes in the IR group and 97% 
of eyes in the NO IR group having 20/20 or better best 
corrected visual acuity; 96% of eyes in the IR group and 

Table 2 Clinical Outcomes (n = 112 IR, 126 NO IR)

Outcome Variables Group Mean Std. Dev. Minimum Maximum p

Sphere (D) IR 0.08 0.22 −0.50 1.00 0.01
NO IR 0.01 0.19 −0.50 1.00

Cylinder (D) IR −0.11 0.20 −0.75 0.00 0.46
NO IR −0.13 0.25 −1.25 0.00

MRSE (D) IR 0.03 0.22 −0.50 0.75 < 0.001
NO IR −0.05 0.17 −0.63 0.38

BCVA (logMAR) IR −0.04 0.05 −0.12 0.04 < 0.001
NO IR −0.02 0.05 −0.10 0.14

UCVA (logMAR) IR −0.03 0.05 −0.12 0.16 < 0.001
NO IR 0.00 0.06 −0.10 0.34

Abbreviations: Std. Dev, standard deviation; D, diopter; IR, iris registration; MRSE, mean refraction spherical equivalent; BCVA, best-corrected visual acuity; UCVA, 
uncorrected visual acuity; logMAR, log of the minimum angle of resolution.

Figure 1 Residual refractive cylinder distribution by group. 
Abbreviation: IR, iris registration.
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91% of eyes in the NO IR group had uncorrected visual 
acuity of 20/20 or better.

Table 3 shows the difference between the preoperative 
BCVA and the postoperative UCVA and BCVA by group. 
Significantly more eyes in the IR group had 
a postoperative UCVA more than 1 line better than the 
preoperative BCVA (p < 0.002). Significantly more eyes in 
the NO IR group had a postoperative UCVA more than 1 
line worse than the preoperative BCVA (p = 0.04). 
Significantly more eyes in the IR group had a BCVA 
increase of more than 1 line after surgery (p < 0.001). 
No eye in either group had a BCVA decrease of more than 
1.5 lines after surgery.

Discussion
To the best of our knowledge, this is the first study to 
directly compare clinical outcomes from refractive surgery 
performed with the same laser with and without the Vario 
imaging device. Overall, results were uniformly very good 
for both the IR and NO IR groups, but there is some 
indication that while mean results are similar, individual 
patient results may be incrementally better when IR is 
used. In particular, the IR group had a higher percentage 

of eyes with residual refractive cylinder ≤0.50 D and 
a higher percentage of eyes with both UCVA and BCVA 
of 20/15 or better. The IR group also had a higher number 
of eyes that showed a BCVA increase of more than one line. 
The better UCVA may be primarily a function of the 
slightly better correction of refractive cylinder, but that 
would not explain the relatively better BCVA. We speculate 
that it may be a function of the centration of the ablation 
pattern (corneal apex for IR, pupil center for NO IR), but 
there is no way to definitively prove this. Such an increase 
in BCVA has been noted in topography-guided laser refrac-
tive treatments in prior studies, though results here in both 
groups were slightly higher than reported in the past.9

Results evaluating the effects of iris registration with 
a different laser system have been variable. Khalifa et al10 

investigated the effects of IR in LASIK patients using the 
VISX Star S4 (Johnson & Johnson Vision, Santa Ana, CA, 
USA). The authors reported that uncorrected visual acuity 
was higher in the group with IR, with 90% of patients 20/ 
20 or better compared to 70% of patients in the non-IR 
group. The predictability of cylinder refraction was also 
higher in the group with IR, with 80% of patients having 
≤0.5 D of postoperative astigmatism compare to 65% in 

Figure 2 Uncorrected visual acuity by group. 
Abbreviation: IR, iris registration.
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the non-IR group. These differences are large, but the non- 
IR results appear significantly lower than those observed 
in the current study. Overall, results for both IR and NO IR 
appear better in the current study. Lee et al11 compared the 
clinical outcomes after laser epithelial keratomileusis 
(LASEK) using the VISX Star S4 with and without IR in 
a small group of patients. The authors reported no signifi-
cant differences in refractive outcomes between the 
groups. Both groups had mean postoperative astigmatism 
higher than the IR and NO IR groups in this study. 
Uncorrected visual acuity was also better in the current 
study.

Arba-Mosquera and Arbelaez4 investigated the cyclotor-
sion compensation with the Schwind AMARIS laser 
system (Schwind, Kleinostheim, Germany). Postoperative 

astigmatism was ≤0.5 D in 88% of eyes. Again, results 
appear lower than observed with IR (99%) and NO IR 
(94%) in the current study. Pajic et al reported improvement 
with static and dynamic cyclotorsion tracking using the 
Technolas 217z100P™ laser system (Technolas, Munich, 
Germany), with improvements in the correction of astigma-
tism noted when cyclotorsion control was used.12

Wallerstein et al13 observed good visual outcomes fol-
lowing LASIK with the WaveLight EX500 laser and 
reported that postoperative astigmatism was ≤0.5 D in 
93.7% of eyes. This is very similar to the NO IR results 
obtained in the current study, though Wallerstein was 
evaluating the topography-guided ablation pattern for the 
laser system. Faria-Correia et al7 also observed good 
visual outcomes with the same system, though 

Figure 3 Best corrected visual acuity by group. 
Abbreviation: IR, iris registration.

Table 3 Difference Between Preoperative BCVA and Postoperative UCVA and BCVA

Comparison to Preoperative BCVA Group Total 1+ Lines Better Within 1 Line 1+ Lines Worse

Postoperative UCVA IR 112 25 (22%) 86 (77%) 1 (1%)
NO IR 126 10 (8%) 109 (87%) 7 (6%)

Postoperative BCVA IR 112 33 (29%) 79 (71%) 0
NO IR 126 13 (10%) 112 (89%) 1 (1%)

Abbreviations: IR, iris registration; BCVA, best-corrected visual acuity; UCVA, uncorrected visual acuity.
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postoperative astigmatism was ≤0.5 D in only 90% of 
eyes. Again, they were evaluating the topography-guided 
ablation pattern for the laser system. Similarly, the uncor-
rected and best-corrected visual acuities achieved with the 
wavefront-optimized ablation pattern used in the current 
study were similar to those obtained in the topography- 
guided ablation studies above.

There are limitations to the current study. It was 
a retrospective chart review, so there was no quality control 
of the postoperative evaluations. Refractive data may also 
not always be as carefully collected as with a prospective 
study, but this would be likely to be an effect seen in both 
groups, which means relative differences in the groups are 
likely to be reliable. In addition, standardized logMAR 
charts were not used, so testing at a 20/10 acuity level was 
not possible. Another limitation is that the effect of the 
VARIO imaging device is presumed to be primarily related 
to cyclotorsion control; with the available data we could not 
separate the possibly distinct effects of cyclotorsion control 
and centration; in the IR group the ablation was centered at 
the corneal apex, while in the NO IR group it was centered 
on the pupil center. Vector analysis of cylinder was also not 
conducted; the high percentage of eyes in both groups with 
no residual refractive cylinder suggested this would be of 
limited value. Finally, any comparisons with prior study 
results will be affected by differences in enrollment, refrac-
tive range, follow-up times and testing methodologies.

In summary, use of the VARIO imaging system demon-
strably reduced the variability of outcomes in patients, with 
fewer outliers in both postoperative residual astigmatism and 
visual acuity results. While there were only nominal changes 
in the mean clinical outcome measures, the number of eyes 
with 20/15 or better uncorrected and best corrected visual 
acuity was higher in the IR group, and more eyes had 
a residual refractive cylinder ≤0.50 D.
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