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Purpose: To evaluate the efficacy of a femtosecond laser assisted astigmatic keratotomy (AK) nomogram (FemtoAK.com) for
correction of astigmatism during cataract surgery.

Patients and Methods: Consecutive patients underwent cataract extraction with AKs and insertion of a non-toric intraocular lens.
Eyes with greater than 0.5 D of against-the-rule (ATR) or 1.0 D of with-the-rule (WTR) or oblique (OBL) astigmatism were treated in
accordance with the nomogram. Optical biometry and manifest refraction were checked pre- and one-month post-operatively. Outcome
measures included correction index (CI), index of success (IOS), and proportion of eyes with less than 0.5 and 1.0 D of astigmatism.
Results: Ninety-five eyes from 69 patients were included, of which 41 had ATR, 35 had WTR, and 19 had OBL astigmatism. Corneal
CI (ATR = 0.86, WTR = 0.27) indicated a small and large under-correction of ATR and WTR astigmatism, respectively, while
refractive CI revealed a near-ideal correction of WTR (ATR = 0.87, WTR = 1.02). The proportion of eyes with less than 0.5 and 1.0
D of refractive astigmatism increased from 28% and 54% pre-operatively to 56% and 92% post-operatively, respectively.
Conclusion: The FemtoAK nomogram is effective at reducing corneal astigmatism at the time of cataract surgery. Astigmatic
correction was more precise when evaluated by refractive rather than corneal measures.
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Introduction
Modern cataract surgery not only aims to replace the cloudy lens with an artificial one but additionally seeks to minimize
postoperative refractive error. In fact, astigmatism (not myopia or hyperopia) is the most common refractive error, with
40-60% of eyes having >0.5 D."? Two methods can be used to correct astigmatism at the time of surgery: toric
intraocular lenses (IOLs) and astigmatic keratotomies (AKs). While toric IOLs are considered the most accurate, they
have limitations, including being relatively contraindicated in cases of zonulopathy, having the risk of misalignment and
need for re-operation, and being available in specified step sizes that begin as low as 1.25 D in the United States.>*

Historically, manual AKs were used for treatment of all astigmatisms. However, manual AKs may be associated with
complications such as corneal perforation and induction of irregular astigmatism.> To the contrary, femtosecond laser
assisted keratotomies (FLAKS) create incisions of precise position, size, length, and depth and are most often indicated
nowadays for treatment of low-to-moderate astigmatism.®

With FLAKSs, surgeons rely on nomograms that advise on the positioning, length, and depth of the incisions. Even
though femtosecond lasers have been available for more than a decade, most current nomograms are still derived from
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modified versions of the old nomograms developed for manual AKs. One previous study by Wendelstein and Hoffman
et al assessed the Castrop nomogram for low-to-moderate astigmatism correction in 43 eyes but had a relatively small
sample size and did not differentiate treatment of ATR, WTR, and OBL astigmatisms, which are known to be variably
impacted by the posterior cornea.” Another study by Wortz et al evaluated outcomes of astigmatism management in 224
patients with low corneal astigmatism (< 1.0 D). However, their nomogram has several constraints — namely that it
requires the cataract surgeon’s main incision to be located temporally and does not offer recommendations for levels of
astigmatism >1.25 D.

The purpose of this study was to prospectively evaluate the efficacy of a new FLAKs nomogram (FemtoAK.com) for
the correction of astigmatism at the time of cataract surgery.

Patients and Methods

This was a prospective, single-center, assessor-masked clinical trial. The protocol and study specific informed consent
was approved by the Penn State College of Medicine Institutional Review Board before enrollment of any subjects. The
study was registered on clinicaltrails.gov (NCT04676451) and was performed in compliance with the tenets of the
Declaration of Helsinki. Consecutive patients who underwent cataract evaluation between April 2019 and
September 2023 at Schein Ernst Mishra Eye (Harrisburg, PA) and met inclusion/exclusion criteria were offered
enrollment in the study at the time of initial cataract evaluation. Due to the pandemic and post-pandemic related staffing
shortages, no patients were enrolled between June 2021 and January 2023.

Eligible subjects included patients 22 years or older, net keratometric astigmatism equal to or greater than 0.5 D of
against-the-rule (ATR; 0-30° or 150-180°) or 1.0 D of with-the-rule (WTR; 60—-120°) or oblique (OBL; 30-60° or
120-150°) astigmatism as measured by an optical biometer (IOLMaster 700, Carl Zeiss Meditec, Jena, GERMANY), at
least one eye for which cataract extraction with monofocal or non-toric multifocal posterior chamber IOL implantation
and FLAKSs were planned, an anticipated post-operative BCDVA of 20/40 or better, and a calculated spherical equivalent
power targeted for emmetropia. Soft and rigid gas-permeable (RGP) contact lens wearers were required to discontinue
lens wear for a minimum of 2 or 3 weeks, respectively, or until biometry was stable. Exclusion criteria included mature
cataract anticipated to prolong the surgical procedure, abnormal corneal topography (ie keratoconus, pellucid marginal
degeneration, or irregular astigmatism), significant anterior segment pathology (ie chronic uveitis, iritis, aniridia, rubeosis
iridis), history of severe dry eye that would impair the ability to obtain reliable study measurements, corneal disease (ie
herpes simplex, herpes zoster keratitis, Fuchs corneal dystrophy), history of intraocular or corneal surgery, history of
clinically significant retinal pathology that would limit the patient’s ability to obtain a postoperative BCDVA of 20/40, or
uncontrolled glaucoma in the study eye. Patients planned to undergo other concomitant ocular procedures (ie MIGS,
endothelial keratoplasty) were also excluded. If both eyes from one patient met these criteria, then both eyes were
considered study eyes.

Enrolled subjects received optical biometry (IOLMaster 700; Carl Zeiss Meditec AG, Jena, Germany), topography
(Galilei G4; Ziemer Ophthalmic Systems AG, Port, Switzerland), and pre-operative manifest refraction. Surgeries were
performed by one of two right-handed surgeons (B.E. or G.M.). The femtosecond laser used was the Victus (SW v3.3
SP03, Bausch & Lomb Surgical, Bridgewater, New Jersey). A laser-assisted 2.5 mm clear corneal incision was created
20 degrees inferotemporal/superotemporal to the horizontal meridian in right/left eyes, respectively. Surgically induced
astigmatism of 0.2 D was assumed for all main incisions.® The laser was also used to complete a 5.2 mm capsulotomy
and nuclear fragmentation. All arcuate incisions were made at a 9.0 mm diameter and depth of 80% as measured by the
OCT corneal depth measurement on the laser. Other pertinent arcuate incision parameters included a side cut angle of
90°, line spacing of 2.0 um, spot spacing of 5.0 pm, and energy of 1.7 pJ. Arcuate incisions were not further manipulated
or opened by the surgeon intraoperatively or at any point post-operatively. Standard coaxial phacoemulsification
techniques were used for nucleus disassembly. There were no complications noted in any of the surgeries for enrolled
subjects. One month post-operatively, uncorrected and corrected distance visual acuity, optical biometry (IOLMaster
700), and manifest refraction were collected by experienced clinical staff masked to the treatment plan.

The FemtoAK nomogram (FemtoAK.com) is a freely accessible femtosecond-laser assisted arcuate incision planning-
tool for treating astigmatism at the time of cataract surgery. It will make recommendations in eyes with >0.5 D of ATR or
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>1.0 D of WTR or OBL astigmatism, but <2.25 D. The nomogram is optimized for incisions of 80% depth and 9 mm
diameter. It allows the surgeon to customize placement and effect (surgically induced astigmatism) of the main wound. In
the case where a single arc with arc length greater than 45 degrees is recommended, the nomogram will automatically
truncate that single arc to be no larger than 45 degrees to minimize the risk of inducing irregular astigmatism (and will
display a warning message to this effect). The nomogram is an adaptation of another nomogram previously published by
Baharozian et al’ with modifications to WTR astigmatism treatments, since they reported 24% of eyes in this sub-group
had a flipped-axis post-operatively.

Data and Statistical Analysis

We set as a benchmark for success a goal of obtaining <0.5 D of astigmatism in 50% of eyes post-operatively, based on
a Cochrane Database Systematic Review on the performance of other limbal relaxing incision nomograms.'® Assuming
0% of patients had <0.5 D of astigmatism pre-operatively (inclusion criteria for entry into the study) and setting
a benchmark of 50% with <0.5 D post-operatively, 16 eyes would be needed to achieve a power of 80% and a two-
sided significance of 5%."!

Astigmatism analyses were performed using the Alpins method considering 3 vectors: target-induced astigmatism
(TIA), surgically induced astigmatism (SIA), and difference vector (DV).'* TIA is defined as the keratometric magnitude
and direction of astigmatic correction that the surgery intends. The SIA is the actual magnitude and direction of
astigmatic treatment from surgery. The DV measures the magnitude and orientation of the astigmatism needed to achieve
the intended targeted correction (SIA minus TIA). Additionally, we created a new astigmatic index, net effective
astigmatism (NEA). The NEA is the FemtoAK nomogram’s proprietary estimation of the refractive astigmatism an
eye has, after accounting for the 0.2 D of astigmatism induced by the main incision. As a general rule, the NEA is greater
than the TIA in eyes with ATR and less than the TIA in eyes with WTR astigmatism.

Main outcome measures included magnitude of error (ME), angle of error (AE), correction index (CI), index of
success (I0S), and proportion of eyes with <0.5 and 1.0 D of astigmatism. ME is the difference in magnitude between
SIA and TIA, with positive values indicating over-correction and negative values indicating under-correction. AE is the
difference in axis between SIA and TIA, with positive values representing a counterclockwise treatment application and
negative representing a clockwise application. CI is the ratio of SIA to TIA, with an ideal value being 1.0. IOS measures
the ratio of DV to the TIA and has an inverse relationship to the relative surgical success (smaller IOS is equivalent to
greater success). While the TIA value is based on the corneal plane value of the actual treatment, SIA and all other
parameters are subdivided into keratometric and refractive analyses, which will be reported as such. The corneal SIA was
compared against TIA for the keratometric analysis, whereas the refractive SIA was compared against the NEA for the
refractive analysis.

Microsoft Excel (Microsoft Corporation, Redmond, WA, USA) was used for data collection, vector analysis, and
graphical representation. Baseline demographic characteristics were summarized using descriptive statistics including
frequencies, means, and standard deviations. Pre- to post-operative univariate comparisons were made using the paired
t-test, while vector analyses required conversion of polar vectors to cartesian coordinates and application of Hotelling’s
T-squared test."* SAS software version 9.4 (SAS Institute, Cary, NC) was used to evaluate centroid data. P-values less
than 0.05 were considered statistically significant.

Results

Ninety-four patients were recruited between April 2019 and September 2023. Of these, 13 patients were lost to follow up
and 12 patients withdrew from the study after signing consent but before their final follow-up. As a result, 95 eyes of 69
patients received surgery between May 2019 and November 2023. Twenty-two patients had eligible right eyes, another
21 patients had eligible left eyes, and 26 patients had both eyes that were eligible. The demographics of study eyes are
shown in Table 1. The patient population ranged from 39 to 80 years old. There were 48 (51%) right eyes and 47 (49%)
left eyes. The orientation, as measured by the optical biometer, included 41 (43.2%), 35 (36.8%), and 19 (20.0%) eyes
with ATR, WTR, and OBL astigmatism, respectively.
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Table | Eye Demographics

Mean * Standard Deviation
(Min, Max)

Parameter

Age (years) 69.90 + 7.42 (39, 80)

Axial length (mm) 24.65 + 1.50 (21.49, 27.78)

Anterior chamber depth (mm) 3.28 £ 0.32 (2.46, 3.95)

White-to-white distance (mm) 12.19 £ 0.37 (11.40, 13.00)

Lens thickness (mm) 4.62 + 0.40 (3.49, 5.63)

Flat keratometry (D) 4349 + 1.40 (41.28, 46.41)

Steep keratometry (D) 44.49 + 1.42 (42.20, 47.31)

Mean keratometry (D) 44.49 + 1.38 (41.61, 46.83)

Keratometric astigmatism magnitude (D) | 1.00 £ 0.26 (0.36, 1.48)

Keratometric Efficacy Analysis

Postoperative outcomes, based on keratometric indices, are displayed in Table 2 and Figure 1A. Overall, the mean
corneal astigmatism was significantly reduced from 1.00 D + 0.26 D (range [0.36, 1.48]) to 0.83 D + 0.49 D (range [0,
3.10]) (p < 0.001). The mean absolute astigmatism magnitude was less than 1.00 D for all three orientation sub-groups.
Overall, 26% and 66% of eyes achieved corneal astigmatism <0.50 and 1.00 D. Seventy-eight, 46%, and 79% of ATR,

WTR, and OBL eyes, respectively, achieved less than 1.0 diopter (D).

Table 2 Corneal Astigmatism Measurements and Alpins’ Indices of Astigmatism Correction Efficacy

Parameter

ATR (n = 41)
Mean t SD (Range)

WTR (n = 35)
Mean t SD (Range)

OBL (n=19)
Mean t SD (Range)

Overall (n = 95)
Mean £ SD (Range)

Preoperative keratometric 0.98 + 0.24 1.0l £ 0.27 1.04 £ 0.30 1.00 £ 0.26

astigmatism (D) (0.54, 1.48) (0.43, 1.46) (0.36, 1.40) (0.36, 1.48)

Postoperative keratometric 0.83 + 0.55 0.81 + 0.45 0.89 + 0.47 0.83 + 0.49

astigmatism (D) (0, 3.10) 0, 1.77) (0.20, 2.40) ©, 3.10)

P value 0.025 0.004 0.053 < 0.001

Target-induced astigmatism (D) 0.75 @ 84° + 0.58 1.20 @ 10° £ 0.54 0.09 @ 20° + 1.02 0.26 @ 32° + 1.08
(0.5, 1.37) (1.05, 1.58) (0.53, 1.56) (0.5, 1.58)

Surgically induced astigmatism (D)

0.64 @ 100° £ 1.14

0.16 @ 5° + 0.48 (0.04,

032@ I10° £ 061

028 @ 103° + 0.92

(0.06, 4.41) 1.26) ©.11, 1.12) (0.04, 4.41)
Difference Vector 0.40 @ 55° £ 0.93 037 @ 12° £ 0.46 1.04@ I1° £ 061 051 @ 22° £ 0.92
(0, 3.09) (0.13, 1.61) (0.18, 1.34) (0, 3.09)

Correction Index

0.86 + 0.78 (0.10, 3.45)

027 +0.21 (0.04, 1.08)

0.55 + 0.40 (0.11, 1.44)

0.51 + 0.65 (0.04, 3.45)

Magnitude of error 0.09 + 0.76 —0.87 £ 0.29 —0.35 £ 0.46 —0.35 £ 0.71
(=0.79, 3.04) (—1.24, 0.09) (—1.33,0.34) (—1.33, 3.04)

Angle of error 7.44 £ 30.20 2583 £71.94 1042 + 28.85 22.18 £ 52.45
(—50.53, 107.94) (-86.11, 169.67) (—36.27, 62.40) (-86.11, 169.67)

Index of success

0.14 £ 0.63 (0, 2.52)

0.83 £0.28 (0.11, 1.49)

0.70 + 0.32 (0.21, 1.33)

0.38 + 0.47 (0, 2.52)

Abbreviations: ATR, against-the-rule; WTR, with-the-rule; OBL, oblique; SD, standard deviation.
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Figure | (A) Proportion of eyes with corneal astigmatism within target. (B) Proportion of eyes with refractive astigmatism within target.

The standard single-angle plots ascribed to the Alpins method of analysis are displayed in Figure 2. The mean TIA
(0.26 D @ 32° + 1.08 D, range [0.5, 1.58]) was lower than the mean keratometric SIA (0.28 D @ 103° £ 0.92 D, range
[0.04, 4.41]). The mean keratometric DV was 0.51 D @ 22° + 0.92 D, range [0, 3.09]. Since a general rule of thumb is to
aggressively treat ATR astigmatism and undertreat WTR astigmatism, one would expect the CI to be highest for ATR and
lowest for WTR eyes; likewise, the I0S should be lowest for ATR eyes and highest for WTR eyes. In our study, the
keratometric CI was 0.86 and 0.27 for ATR and WTR eyes, respectively. The keratometric IOS was also lowest for ATR
(0.14 £+ 0.63) and highest for WTR (0.83 + (.28).

Figure 3A denotes the double-angle plots for pre- and postoperative corneal astigmatism. There was a significant
change from pre- to post-operative centroid values (p = 0.045), with the net effect moving toward a more WTR
orientation (0.10 D @ 125° to 0.36 D @ 108°). This is an expected result for a nomogram that has the intention of over-
correcting ATR eyes and under-correcting WTR eyes.
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Figure 2 Standard single-angle plots for target-induced astigmatism (TIA), surgically induced astigmatism (SIA), difference vector, correction index, SIA magnitude vs TIA
magnitude, and corneal angle of error.

Refractive Efficacy Analysis
Postoperative outcomes, based on refractive indices, are displayed in Table 3 and Figure 1B. Overall, the mean refractive
astigmatism was significantly reduced from 1.04 D £ 0.62 D (range [0, 3.25]) to 0.58 D + 0.45 D (range [0, 2.50]) (p <
0.001). The mean absolute astigmatism magnitude was less than 0.75 D for all three orientation sub-groups. Overall, 56%
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Figure 3 (A) Double-angle plot for preoperative and postoperative corneal astigmatism. (B) Double-angle plot for preoperative and postoperative refractive astigmatism.

and 92% of eyes achieved refractive astigmatism <0.50 and 1.00 D. Ninety, 94%, and 89% of ATR, WTR, and OBL eyes,

respectively, achieved less than 1.0 diopter (D).

Refractive SIA was calculated as the difference between post- and preoperative refractive astigmatism. The mean
NEA (0.19 D @ 63° + 0.79 D, range [0.34, 1.39]) was higher than the mean refractive SIA (0.12 D @ 92° = 1.05 D,
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Table 3 Refractive Astigmatism Measurements and Alpins’ Indices of Astigmatism Correction Efficacy

Parameter

ATR (n = 41)
Mean  SD (range)

WTR (n = 35)
Mean % SD (range)

OBL (n=19)
Mean * SD (range)

Overall (n = 95)
Mean £ SD (range)

Preoperative refractive astigmatism (D)

101 + 0.59 (0, 2.75)

0.96 + 0.44 (0.25, 1.75)

1.25 £ 0.73 (0.50, 3.25)

1,04 + 0.62 (0, 3.25)

Postoperative refractive astigmatism (D)

0.59 % 0.41 (0, 1.50)

0.51 % 042 (0, 2.00)

0.64 £ 0.63 (0, 2.50)

058 + 0.45 (0, 2.50)

P value

< 0.001

< 0.001

0.005

< 0.001

Net effective astigmatism (D)

0.73 @ 83° + 0.57 (0.54, 1.25)

0.53 @ 10° + 0.27 (0.34, 0.75)

0.08 @ 20° + 0.91 (0.5, 1.39)

0.19 @ 63° + 0.79 (0.34, 1.39)

Surgically induced astigmatism (D)

051 @ 91° £ 1.03 (0.03, 1.98)

039 @ 4° + 091 (0, 3.07)

022 @ 103° £ 1.01 (0.24, 1.39)

0.12 @ 92° + 1.05 (0, 3.07)

Difference Vector

0.28 @ 68° + 1.04 (0.28, 1.55)

0.17 @ 23 + 0.89 (0.14, 2.38)

0.30 @ 15° +0.92 (0.14, 3.38)

0.16 @ 44° + 0.97 (0.14, 3.38)

Correction Index

0.87 + 0.67 (0.03, 2.81)

1.02 £ 123 (0, 5.32)

0.82 £ 0.68 (021, 2.76)

091 + 0.93 (0, 5.32)

Magnitude of error

0.06 + 0.62 (~1.20, 0.98)

0.22 + 0.60 (-0.75, 2.32)

0.03 £ 0.53 (—0.90, 2.20)

0.11 059 (120, 2.32)

Angle of error

11.91 + 34.07 (-97.97, 141.00)

31.83 £ 77.40 (—175.00, 160.00)

6.40 + 49.99 (—82.68, 37.59)

18.15 + 57.04 (—175.00, 160.00)

Index of success

0.92 £ 0.51 (0.35, 3.18)

1.23 £ 0.99 (0.27, 4.36)

0.92 £ 0.57 (0.16, 2.71)

1.02 + 0.75 (0.16, 4.36)

Abbreviations: ATR, against-the-rule; WTR, with-the-rule; OBL, oblique; SD, standard deviation.

range [0, 3.07]). The refractive DV was 0.16 D @ 44° + 0.97 D (range [0.14, 3.38]). Since a general rule of thumb is to
aggressively treat ATR astigmatism and under-treat WTR astigmatism, one would expect the CI to be highest for ATR
and lowest for WTR eyes; likewise, the IOS should be lowest for ATR eyes and highest for WTR eyes. In our study, the
refractive CI was 0.87 and 1.02 for ATR and WTR eyes, respectively. The refractive IOS was also lowest for ATR (0.92
+ 0.51) and highest for WTR (1.23 + 0.99).

Figure 3B denotes the double-angle plot for pre- and postoperative refractive astigmatism. Of note, cataracts can
make preoperative refractive astigmatism measurements unreliable; this may explain the presence of multiple outliers
compared to the preoperative astigmatism measurements shown in Figure 3A. There was no statistical significance
between pre- and postoperative centroid values (p = 0.56), with the net effect moving towards a more WTR orientation
(029 D @ 175° t0 0.17 D @ 171°). This is an expected result for a nomogram that has the intention of over-correcting
ATR eyes and under-correcting WTR eyes.

Flipped Axes

The number and proportion of eyes that experienced a flipped axis of astigmatism (ATR to WTR or WTR to ATR) is
enumerated in Table 4. Even though 17% of ATR eyes experienced a flipped axis of astigmatism by keratometric
measures, this only translated to a 7% incidence by refraction. Conversely, despite only 3% of WTR eyes experiencing

Table 4 Number and Proportion of Eyes Flipped
from ATR to WTR or WTR to ATR

Corneal | Refractive
# ATR Flipped to WTR | 7 3
% flipped (ATR) 17.07% 7.32%
# WTR Flipped to ATR | | 12
% flipped (WTR) 2.86% 34.29%
# Total Flipped 8 15
% flipped (total) 8.42% 15.79%

Abbreviations: ATR, against-the-rule; WTR, with-the-rule.
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a flipped axis by keratometric measures, this translated to a 34% incidence by refraction. Overall, 8% and 16% of ATR or
WTR eyes experienced a flipped axis of astigmatism by corneal or refractive measures, respectively.

Discussion

Persistent astigmatism following cataract surgery heightens reliance on corrective lenses and can reduce patient
satisfaction. Correction of astigmatism can be accomplished either through an incisional technique, such as arcuate
keratotomies, or by implanting a toric intraocular lens.'* LRIs and FLAKs aim to reduce postoperative astigmatism,
where FLAKs can reduce confounding influence of manual imprecisions to the keratotomies.'” The FemtoAK nomogram
was created to guide surgical plans in the creation of femtosecond-laser assisted arcuate keratotomies. It is accessible at
FemtoAK.com, is open-access, accepts a large range of treatable astigmatism magnitudes, and incorporates the effect of
the main surgical incision. We hope that this lowers barriers for surgeons who are interested in incorporating FLAKSs into
their practice.

Herein, we present the first prospective case series completed using the FemtoAK nomogram, and analyze the
efficacy in treating eyes with low to moderate astigmatism. We found a significant reduction in refractive astigmatism
from 1.04 £ 0.62 D to 0.58 + 0.45 D. Fifty-six and 92% of eyes had <0.50 D and 1.00 D, respectively, of residual
refractive astigmatism one month after surgery. Of note, we set a benchmark against which success is measured of 50%
of eyes with <0.5 D of astigmatism post-operatively. Although we did not achieve this benchmark by keratometric
outcome measures (26%), we did so by refractive criteria (56%). Since the goal of refractive surgery is not neutralization
of corneal astigmatism, but rather manifest refractive astigmatism (what the patient experiences), we can say that the
FemtoAK nomogram is efficacious in its correction of astigmatism when performed at the time of cataract surgery.

Our results compared favorably to previously published literature on outcomes of femtosecond arcuate incisions.
A study by Yoo et al on 23 patients with preoperative refractive astigmatism ranging from 1.0 to 3.0 D found that the
postoperative refractive astigmatism was 0.79 + 0.11 D at the one-month follow-up,'® and Chan et al reported 33% of
eyes with <0.5 D."” Baharozian et al reported a decrease in keratometric astigmatism from 0.856 + 0.318 to 0.626 +
0.417 D, and a resultant postoperative refractive astigmatism of 0.495 + 0.400 D.? Our study observed similar reduction
with keratometric astigmatism decreasing from 1.00 + 0.26 D to 0.83 + 0.49 D and refractive astigmatism decreasing
from 1.04 £ 0.62 D to 0.58 + 0.45 D. On the other hand, we reported higher postoperative keratometric (0.83 + 0.49 D)
and refractive (0.58 £ 0.45 D) cylinders when compared to the Castrop nomogram from the Wendelstein study (0.65 +
0.40 and 0.39 + 0.25 D, respectively).” The magnitude of correction in our study was also excellent, with an overall CI of
0.91 £ 0.93 D. This result was comparable to the Castrop nomogram by Wendelstein et al (0.92+0.21 D),” and was
better than the Chan et al nomogram (0.86 + 0.52 D).'” Differences in the results between previous studies and ours could
be due to varying demographics, distributions of the corrected astigmatism, or differences in the nomograms themselves.

We also investigated the proportion of eyes with flipped axes following treatment with the FemtoAK nomogram. By
keratometric measures, we observed a higher rate of axis flipping from ATR to WTR than the reverse. However, by
refractive measures, a greater proportion flipped from WTR to ATR. It is well established that, independent of cataract
surgery, the corneal axis tends to shift towards ATR as we age.'® To this end, the FemtoAK nomogram was designed to
over-correct ATR eyes and under-correct WTR eyes. Further updates to the nomogram might be needed for those with
preoperative WTR astigmatism.

This study has many strengths, including the study design (prospective interventional clinical trial) and proper
analysis of astigmatism outcomes. Our opinion is that the Alpins method provides a comprehensive display that answers
all the questions related to astigmatism correction. It utilizes both univariate and bivariate analysis. We also included
double-angle plots to emphasize the nomograms focus on minimizing refractive, rather than keratometric, astigmatism.

On the other hand, this study is not without limitations. First, recruitment was significantly impacted by the COVID-
19 pandemic, which forced many patients who signed consent and/or completed surgery to be lost to follow-up. Second,
the final follow-up was short at 1 month. While some literature has shown that these corrections remain stable after the
first postoperative month,'®?* others suggest that the effects of AKs may regress over time, and our study did not allow
us to evaluate this. Third, while AKs applied in this study were epi-penetrating (versus intra-stromal), no attempts were
made to open any of the incisions intra- or postoperatively. Giving the surgeon discretion to open incisions
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postoperatively at the slit lamp in patients that present with under-corrections might have translated to improved
outcomes. Last, in cases in which the side-port (1.0 mm) incision would have interacted with the AK incision, its
position was manually adjusted. Yet, our study did not evaluate the impact the position of the side port incision had on
surgically induced astigmatism. Lastly, our nomogram is restrained in its recommendation of arcuates with a depth of
80% and diameter of 9.0 mm. The 9.0 mm diameter might be too large for some eyes, or might interact obtrusively with
the main incision. To compensate for this, surgeons might consider adjusting the diameter down to 8.5 mm during
treatment, but must then consider the increased effect of planned arcuate incisions.?

The FemtoAK nomogram is a useful tool in the management of astigmatism, but more work is needed to further
improve its accuracy. The results from this study, specifically the keratometric and refractive CI’s, might be used to
further refine the nomogram. Since CI’s were less than 1.0 on average, we suggest, as a first step, that surgeons evaluate
their outcomes after opening the arcuate incisions, which was not done in this study. In addition, future incorporation of
additional biometric variables, such as measured posterior corneal curvature or corneal hysteresis, might further improve
nomogram accuracy. Allowing customization of the incision depth and diameter within the same nomogram, as
a function of corneal pachymetry and white-to-white, might also be useful. Further sub-group analysis might also
allow us to better refine the nomograms proprietary calculation of NEA, which in turn could lead to even better accuracy.
Last, even though femtosecond technology offers the advantage of smoother interfaces and reproducible cuts, variability
in the wound healing process is an inherent limitation when working with this treatment modality;** future work might
also entail modulating this healing response postoperatively to make it more uniform.
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