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Purpose: To compare clinical outcomes from topography-guided laser refractive surgery 
based on new planning software to outcomes based on using the manifest refraction.
Design: Single site, two-arm, retrospective chart review.
Methods: Clinical outcomes at a single site after topography-guided LASIK using the 
Wavelight excimer laser were evaluated, with a target postoperative follow-up time of 90 
days. Eligible eyes were those that received on-label topography-guided treatment of myopia 
or myopic astigmatism with correction based on either the manifest refraction or results from 
the Phorcides Analytical Engine (PAE). Measures analyzed included the uncorrected 
(UDVA) and best-corrected (CDVA) distance visual acuity, the magnitude of refractive 
cylinder after surgery, the refractive error and changes from preoperative CDVA.
Results: The study included 115 eyes in the PAE group and 133 eyes in the Manifest group. 
Significantly more eyes in the PAE group had a CDVA of 20/15 or better (p = 0.05) and 
a UDVA of 20/15 or better (p = 0.05). Significantly more eyes in the Manifest group had 
a UDVA of 20/25 or worse (13/133 vs 1/115 in the PAE group, p = 0.002). There were 
significantly more eyes in the PAE group with no postoperative refractive cylinder (90% vs 
77% in the Manifest group, p = 0.004). No eye in either group had a postoperative CDVA 
a line or worse than their preoperative CDVA. Three eyes in the Manifest group and no PAE 
eyes have had subsequent enhancement surgery.
Conclusion: Mean results for postoperative refractive astigmatism, CDVA and UDVA were 
similar between the groups, but the clinical outcomes for the PAE group appeared less 
variable, with more eyes having no refractive astigmatism and a higher percentage of eyes 
having 20/15 or better CDVA and UCVA. The objective nature of the PAE is an advantage.
Keywords: LASIK, laser refractive surgery, topography-guided LASIK, Phorcides, 
Contoura

Plain Language Summary
Laser eye surgery is one of the most common surgeries in the world. Advancements in laser 
technology, imaging technology and analysis methods have resulted in continuous improve-
ments in visual outcomes. One recent advancement is the ability to smooth the front of the 
eye with the laser, which can improve optical quality – it is called topography-guided 
surgery. Results are excellent, but it requires a bit more planning by the eye surgeon and 
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there can be some judgement involved. In this study, we exam-
ined whether a new software method to assist with this had any 
clinical advantages over just using the patient’s prescription from 
their glasses. The software uses methods originally developed to 
evaluate contour maps of the Earth to analyze the irregular 
surfaces on the eye, then automatically incorporates those find-
ings into the surgery plan. We found both methods produced 
excellent results, but the results using the new software were 
a bit less variable, and the objective nature of the process is likely 
to appeal to surgeons.

Introduction
Laser in situ keratomileusis (LASIK) involves reshaping 
the cornea to reduce or eliminate refractive error in the eye 
using an excimer laser. First described by Pallikaris et al in 
1990, early ablation algorithms treated only the manifest 
refractive sphere and cylinder of the eye.1 Later efforts 
included treating all measured aberrations in the eye, both 
the lower order (sphere and cylinder) and higher order.2 

This was met with mixed success, though appropriate 
management of spherical aberration was identified as 
important to the quality of vision after surgery. Modern 
ablation patterns incorporate spherical aberration correc-
tion; these wavefront-optimized (WFO) algorithms have 
become, perhaps, the most common LASIK treatment 
profiles for myopia and myopic astigmatism.

More recently, attention has been paid to the optical 
quality of the corneal surface. Development of algorithms 
designed to improve corneal surface regularity was driven 
primarily by the desire to treat highly aberrated eyes with 
significant irregular astigmatism; these eyes were not 
amenable to treatment based on the measured refraction.3 

One resulting algorithm has now been successfully incor-
porated into treatments for normal eyes – the Contoura® 

Vision (Alcon, Fort Worth, Texas, USA) topography- 
guided LASIK procedure. Visual outcomes after 
Contoura in normal eyes have been excellent, with uncor-
rected acuity of 20/20 or better in 93% of eyes and 20/12.5 
or better in 34% of eyes.4 These results were achieved 
when the manifest refraction was used for surgical plan-
ning, and in eyes where the difference between the topo-
graphic astigmatism and manifest refractive cylinder were 
nominal.

As surgeons gained experience, they began treating 
eyes with larger differences between topographic astigma-
tism and refractive cylinder. This raised the question of 
what to base the actual treatment on. Past efforts have 
included retaining use of the manifest cylinder,5 use of 

the topographic astigmatism and axis,6 and some combi-
nations of the above.7 Results have generally been good, 
but some refractive surprises have been experienced and 
there is often a requirement for subjective surgeon input. 
Perhaps the greatest limiting factor is that none of these 
approaches attempts to better delineate the source of the 
measured astigmatism differences between topography and 
the manifest refraction. Two eyes may have similar simu-
lated keratometry from a topographer but very different 
looking surface power maps, for instance.

A relatively recent and novel approach is provided by 
the Phorcides Analytical Engine (Phorcides LLC, North 
Oaks, MN). It was developed based on a combination of 
geographic imaging software (GIS, often used to evaluate 
the topography of Earth’s terrain, but adapted for the eye 
in this application) and optics. The GIS allows more pre-
cise determination and characterization of irregularities on 
the corneal surface. This then allows the expected optical 
effect (on both sphere and cylinder) of “smoothing” these 
irregularities to be determined. Modifications to the treat-
ment profile can then be made based on eliminating any 
number of identified irregularities. The analysis is specific 
to each eye, and automated, reducing inter-individual 
variability and reducing the potential for transcription 
error. The current requirement, in addition to those for 
standard Contoura treatment, is a data file from 
a Scheimpflug corneal imaging device, so that the anterior 
and posterior astigmatism can be appropriately character-
ized. Recent research has indicated that results obtained 
when Contoura surgery is planned with the Phorcides 
Analytical Engine are superior to those achieved when 
planned with the manifest refraction, based on 
theoretical8 and actual9 clinical outcomes.

The purpose of the current study was to determine if 
there were any differences in the refractive and visual 
acuity outcomes from topography-guided myopic LASIK 
treatment when planned with the Phorcides Analytical 
Engine vs planning based on the manifest refraction.

Methods
This study comprised a two-arm retrospective chart review 
of clinical outcomes after topography-guided LASIK at 
one site. The study was approved by an institutional 
review board (Salus IRB, Austin, TX, USA) and 
a waiver of informed consent was granted; all extracted 
data from charts were de-identified. The study was con-
ducted in compliance with the tenets of the Declaration of 
Helsinki, International Harmonization (ICH) guidelines 
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and Good Clinical Practice (GCP). As there was no clin-
ical intervention, registration of the study with any clinical 
trial registry was not required. Data are not available for 
sharing.

Using an alpha of 0.05 and a beta (power) of 0.8, 
a two-sided test of two proportions indicated that 90 eyes 
in each group would be required to reliably confirm 
a presumed difference of 20% (40% vs 60%) in the per-
centage of eyes with 20/16 or better uncorrected visual 
acuity after surgery. The intent was to collect data from 
a minimum of 100 eyes treated using new surgical plan-
ning software (Phorcides Analytical Engine, PAE) and 
comparing those eyes to a similar group of eyes that 
were treated based on the manifest refraction (Manifest). 
In the Manifest group, the clinic’s specific nomogram 
adjustments were applied to calculate the programmed 
treatment. For the PAE group, proprietary software adjusts 
the manifest sphere and cylinder based on the topography 
to create the treatment plan. All other surgery parameters 
were the same. Flaps for all subjects in both groups were 
made with the Wavelight® FS200 Laser (Alcon, Fort 
Worth, TX, USA) using a flap thickness of 110 microns. 
Since this was a retrospective study, dropout was not 
expected.

Eligible subjects were those that received on-label 
topography-guided treatment for myopia or myopia with 
astigmatism using the Contoura treatment profile of the 
Wavelight excimer laser system (Alcon, Fort Worth, TX, 
USA). Subjects were excluded if they had clinically sig-
nificant ocular pathology other than residual refractive 
error, a history of previous refractive surgery, calculated 
residual stromal bed thickness less than 250 microns, or 
suboptimal surgical outcomes that were not related to the 
method of treatment (eg, flap displacement).

Eligible clinical records from January to August of 
2018 were extracted for inclusion in the Manifest group; 
the practice was using topography-guided treatments based 
solely on the manifest refraction at that time. Those for the 
PAE group were extracted from June to December 2019, 
after the software had been implemented in the practice.

The primary measure of interest was the uncorrected 
visual acuity (UDVA) achieved after surgery. Other mea-
sures compared were the residual refractive cylinder, the 
spherical equivalent refractive error, and the best-corrected 
visual acuity (CDVA). Postoperative CDVA and UDVA 
were also compared to the preoperative CDVA. Note that 
standard graphs comparing nomograms are not relevant to 
the analysis of results, as Phorcides applies proprietary 

algorithms (not nomogram-adjusted) to the manifest 
refraction to adjust the treatment sphere and cylinder. 
Comparative data are limited to the actual clinical results 
achieved.

Electronic data records were reviewed to identify eyes 
meeting the relevant inclusion and exclusion criteria out-
lined above; de-identified data from preoperative examina-
tion and all postoperative examinations from a period 
between 1 month and 6 months after surgery were col-
lected from eligible records. For each eye, the postopera-
tive exam with a follow-up period closest to 90 days was 
selected for analysis. Both eyes of any subject could be 
included. Age, sex, preoperative refractive error and 
CDVA were extracted from clinical files for each subject/ 
eye, along with the surgical planning parameters and the 
actual treatment parameters. Postoperative data included 
the follow-up time, the postoperative CDVA, UDVA and 
the manifest refraction. Visual acuities were recorded in 
Snellen notation but converted to the equivalent log of the 
minimum angle of resolution (logMAR) notation for sta-
tistical analysis. All visual acuity data are monocular.

Statistical analyses were performed using Statistica 12 
(TIBCO Software Inc., Palo Alto, CA, USA). An analysis 
of variance (ANOVA) was used for the comparison of 
parametric variables. A Chi-squared test was used for non- 
parametric comparisons. In both cases, p ≤ 0.05 was 
considered significant.

Results
A review of clinical records identified 115 eyes eligible for 
inclusion in the PAE group and 133 eyes eligible for 
inclusion in the Manifest group. Table 1 provides 
a summary of relevant demographics, including the pre-
operative refractive status and the postoperative follow-up 
time. The two groups were reasonably well-matched, with 
three statistically significant differences between them. 
The Manifest group had slightly higher preoperative 
refractive astigmatism, but the mean difference was less 
than 0.30 D and the treated astigmatism was not statisti-
cally significantly different. Follow-up time was also 
slightly longer in the Manifest group (22 days). 
However, around 90% of eyes in both groups fell within 
a 30- to 120-day postoperative follow-up period. No 
adverse events were identified, and no safety concerns 
were evident in the data set extracted. Finally, the preo-
perative best-corrected visual acuity was statistically sig-
nificantly better in the PAE group, but the mean difference 
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was the equivalent of only a half of a logMAR letter or 1/ 
10 of a line of visual acuity.

Table 2 contains the summary of visual acuity and 
refractive outcomes for the two groups. The mean 
logMAR UDVA and CDVA were both statistically signifi-
cantly better in the PAE group, but the differences were 
minor. Figures 1 and 2 show the distribution of postopera-
tive UDVA and CDVA by group, respectively, to the 
nearest line of Snellen acuity. Significantly more eyes in 
the PAE group had a CDVA of 20/15 or better (p = 0.05) 
and a UDVA of 20/15 or better (p = 0.05). Significantly 
more eyes in the Manifest group had a UDVA of 20/25 or 
worse (13/133 vs 1/115 in the PAE group, p = 0.002). 
Overall CDVA was excellent, with 98% and 99% of eyes 
in the Manifest and PAE groups, respectively, having 20/ 
20 or better best-corrected acuity. All eyes had a CDVA of 

20/25 or better and all but one eye had a UDVA of 20/25 
or better (one eye in the Manifest group had a UDVA of 
20/40).

There was no statistically significant difference in the 
refractive sphere or spherical equivalent refractions 
between groups. There was a statistically significant dif-
ference in refractive cylinder, but the mean difference was 
only 0.06 D; both groups had mean values less than 0.10 
D. Figure 3 shows the distribution of residual refractive 
cylinder. A chi-squared test showed that the number of 
eyes with no residual cylinder was higher in the PAE 
group than in the Manifest group (90% vs 77%, respec-
tively, p = 0.004).

Table 3 shows the difference between the preoperative 
CDVA and the postoperative UDVA and CDVA by group. 
There were no statistically significant differences between 

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

PAE Manifest p value

n 115 133
Age (years) 31.5 ± 6.0 (20 to 49) 30.2 ± 6.3 (18 to 54) 0.11

Sex (M/F) 62/53 67/66 0.58

Preoperative refraction (D)
Sphere −3.48 ± 1.93 (−8.00 to −0.25) −3.81 ± 2.05 (−7.75 to 0.00) 0.21
Cylinder −0.86 ± 0.66 (−3.00 to 0.00) −1.15 ± 0.82 (−3.25 to 0.00) < 0.01

Spherical equivalent −3.91 ± 1.93 (−8.625 to −1.00) −4.38 ± 2.03 (−8.38 to −0.75) 0.07

Magnitude of treatment cylinder (D) −0.95 ± 0.64 (−3.00 to 0.03) −1.04 ± 0.73 (−2.75 to 0.00) 0.31

Preoperative CDVA (logMAR) −0.01 ± 0.03 (−0.10 to 0.00) −0.00 ± 0.02 (−0.10 to 0.04) 0.01

Follow-up time (days) 62 ± 31 (27 to 137) 84 ± 32 (27 to 158) < 0.01
Follow-up between 30 and 120 days 103/115 (90%) 116/133 (87%) 0.57

Abbreviations: PAE, Phorcides Analytical Engine; D, diopter; CDVA, best-corrected distance visual acuity; logMAR, logarithm of the minimum angle of resolution.

Table 2 Clinical Outcomes (n = 133 Manifest, 115 PAE)

Outcome Variables Group Mean Std. Dev. Minimum Maximum p

UDVA (logMAR) Manifest −0.03 0.07 −0.14 0.34 0.003
PAE −0.05 0.06 −0.20 0.10

CDVA (logMAR) Manifest −0.05 0.05 −0.14 0.06 0.020
PAE −0.06 0.05 −0.20 0.06

Sphere (D) Manifest 0.12 0.23 −0.25 1.50 0.13
PAE 0.08 0.16 −0.25 0.50

Cylinder (D) Manifest 0.09 0.18 0.00 0.75 0.005
PAE 0.03 0.11 0.00 0.50

MRSE (D) Manifest 0.08 0.23 −0.38 1.38 0.650
PAE 0.07 0.16 −0.38 0.50

Abbreviations: PAE, Phorcides Analytical Engine; Std. Dev., standard deviation; D, diopter; MRSE, mean refraction spherical equivalent; CDVA, best-corrected distance 
visual acuity; UDVA, uncorrected distance visual acuity; logMAR, log of the minimum angle of resolution.
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groups for the number of eyes gaining a line of UDVA or 
CDVA. In both cases and for both groups about 1 in 4 eyes 
had a VA increase of 1 or more lines. No eye in either 
group had a postoperative CDVA a line or worse than their 
preoperative CDVA and 98%/99% of eyes in the Manifest/ 
PAE groups, respectively, had a postoperative UDVA 
within 1 line or better of their preoperative CDVA.

As a final note, a review of the clinical records showed 
that 198 eyes (133 Manifest, 65 PAE) had a primary 
treatment more than 200 days before data extraction. 
Three of these eyes, all in the Manifest group, had an 
enhancement in that ~7-month period (2.2%), with no 
PAE eyes enhanced in the same time period. No post- 
enhancement acuity or refractive data were included in 
the analysis above.

Discussion
The data here demonstrate the value of the Phorcides 
Analytical Engine in the planning of topography-guided 
ablations. Results achieved utilizing the PAE demonstrate 

improved visual outcomes relative to those that have been 
reported for Contoura ablations planned with a variety of 
approaches, where 54% of eyes had UDVA of 20/15 
(versus 60% for Phorcides in the current study) and 94% 
had UDVA of 20/20 (versus 99% for Phorcides).8 

Interestingly, averaging the percentages for the two groups 
in the current study yields rates of 54% and 95%. Results 
are also remarkably similar to those reported in a recent 
study of retrospective data from four surgeons at four 
different sites (62% of eyes with UDVA of 20/16), which 
speaks to the relative stability of the outcomes achieved. 
This is likely a function of the objective nature of the 
surgical planning.

Visual acuity and residual refractive cylinder data using 
PAE are better than those reported for topography-guided 
ablations in some previous large studies using the same 
laser but using the manifest refraction to plan the ablation 
profile, while the Manifest results here appear similar or 
slightly better than those previously reported with the use of 
the manifest refraction as the treatment input in the same 

Figure 1 Postoperative uncorrected visual acuity by group. 
Abbreviation: PAE, Phorcides Analytical Engine.
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studies; note that inclusion and exclusion criteria may vary 
between studies.5,10 The PAE results are also superior to 
those reported in the trial conducted for FDA approval of 
the Contoura procedure,4 despite the fact that the PAE 
group eyes were not limited by consideration of the differ-
ence between the preoperative corneal and refractive astig-
matism values. They also appear better than the results 
achieved using the topographic cylinder and axis,6 or 
some combination of the topographic and manifest cylinder 
axis.7 The approach of identifying specific irregularities on 
the cornea and compensating for them is the likely reason 
for this – it is not a function of trying to determine an 
optimal ratio between two fixed numbers, but of making 
eye-specific calculations.

As noted earlier, surgeons are unlikely to adopt 
a treatment algorithm that has the potential for more varia-
bility in exchange for slightly improved overall outcomes. 
The elimination or reduction of outliers is a critical con-
sideration. No PAE eye in the current study had a residual 
refractive cylinder greater than 0.50D. Every PAE eye had 

a postoperative UDVA within 1 line or better of their 
preoperative CDVA, and there were no reported retreat-
ments in the PAE group. This was achieved with a system 
that objectively determines the treatment refraction, redu-
cing the potential for surgeon ‘hunches’ to result in sub-
optimal outcomes.

There are limitations to the current study. As 
a retrospective study, stringent inclusion and exclusion 
criteria could not be applied. Further, standardization of 
testing, while very likely in a single site study such as this, 
cannot be presumed. In a clinical environment, few clin-
icians would bother to test patients’ vision down to 20/10. 
Nor is it likely that a refraction would be conducted if 
a patient had 20/15 uncorrected visual acuity at distance. 
An important observation here is that these limitations 
would apply to both groups, so observed differences 
between the groups in this study are likely to be reliable. 
In addition, more detailed data such as corneal aberration 
measurements and subjective satisfaction were not 
available.

Figure 2 Postoperative best-corrected visual acuity by group. 
Abbreviation: PAE, Phorcides Analytical Engine.
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While not part of the results, the surgeons currently 
using Contoura at this practice commented that they had 
initially attempted to utilize topography-guided ablations 
as their preferred treatment, but the highly subjective 
nature of their early efforts to determine surgical planning 
drastically limited their use of the technology. For a short 
time, they also applied a more objective approach;6 while 
overall results were good, there were several refractive 
surprises that led them to return to wavefront-optimized 
ablation profiles. At that time, they felt the visual benefits 
expected from Contoura in most patients did not outweigh 

the rare risk of an unpredictable and unsatisfactory out-
come. Since adopting the objective approach of the 
Phorcides Analytic Engine, which implements eye- 
specific topographic corrections, they have returned to 
Contoura as their preferred treatment for all eyes that 
qualify for such treatment.

In summary, topography-guided refractive surgery 
planned with the Phorcides Analytical Engine yielded 
improved postoperative uncorrected visual acuity and 
lower variability in residual astigmatism than treatments 
based solely off the manifest refraction. The objective 

Figure 3 Residual refractive cylinder by group. 
Abbreviation: PAE, Phorcides Analytical Engine.

Table 3 Difference Between Preoperative CDVA and Postoperative UDVA and CDVA

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

Postoperative UDVA Manifest 133 26 (19%) 105 (79%) 2 (2%)
PAE 115 30 (26%) 84 (73%) 1 (1%)

Postoperative CDVA Manifest 133 34 (26%) 99 (74%) 0
PAE 115 33 (29%) 82 (71%) 0

Abbreviations: PAE, Phorcides Analytical Engine; CDVA, best-corrected distance visual acuity; UDVA, uncorrected distance visual acuity.
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nature of the planning appeared to reduce the likelihood of 
outliers.
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