Gauvin and Wallerstein BMC Ophthalmology
https://doi.org/10.1186/512886-023-02904-6

(2023) 23:171

BMC Ophthalmology

SOFTWARE ~ OpenAcess,
®

Check for
updates

mEYEstro software: an automatic tool
for standardized refractive surgery outcomes
reporting

Mathieu Gauvin'?" and Avi Wallerstein'#

Abstract

Background Standardization for reporting medical outcomes enables clinical study comparisons and has a funda-
mental role in research reproducibility. In this context, we present mEYEstro, a free novel standalone application for
automated standardized refractive surgery graphs. mEYEstro can be used for single and multiple group comparisons
in corneal and intraocular refractive surgery patients. In less than 30 s and with minimal user manipulation, mEYEstro
automatically creates the required journal standard graphs while simultaneously performing valid statistical analyses.

Results The software produces the following 11 standard graphs; Efficacy: 1. Cumulative uncorrected (UDVA) and

corrected visual acuity (CDVA), 2. Difference between UDVA and CDVA, Safety: 3. Change in line of CDVA, Accuracy: 4.
Spherical equivalent (SEQ) to intended target, 5. Attempted vs. achieved SEQ, 6. Defocus equivalent (DEQ) accuracy, 7.
Refractive astigmatism accuracy, 8. Target-induced astigmatism vs. Surgically-induced astigmatism, 9. Correction index

journals.

histogram, 10. Angle of error histogram, Stability: 11. SEQ stability over time. Percent proportions, means, standard
deviations, Cohen’s d effect sizes, and p-values are calculated and displayed on each graph. All graphs can be easily
exported as high-resolution TIFF images for figures to use in scientific manuscripts and presentations.

Conclusions mEYEstro software enables clinicians, surgeons, and researchers, to easily and efficiently analyze
refractive surgery outcomes using the standardized methodology required by several peer-reviewed ophthalmology
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Background

The standardization of medical outcome reporting
simplifies comparisons between clinical studies and
enhances reproducibility [1, 2]. Waring proposed the first
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set of refractive surgery outcomes reporting standards
in 1992 [3] incorporating six standard graphs describing
accuracy, efficacy, safety, and stability of surgical proce-
dures [4-10]. A new updated set of nine standard graphs
was added to cover astigmatism outcomes [1]. A similar
set of guidelines was recently published for lens-based
refractive surgery [2]. In the Journal of Refractive Sur-
gery (JRS) [6], Journal of Cataract and Refractive Surgery
(JCRS) [7], and Cornea [8], these standard graphs are
currently required with each submission assessing post-
operative outcomes. Additional journals, including Oph-
thalmology, also recommend using these standard graphs
as part of their author guidelines [10]. By following these
specifications, results from specific surgical techniques,
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studies, case reports, or case series are standardized and
easily comparable within and between studies [1].

Refractive surgery standard graphs can be made by pur-
chasing web-based or standalone software designed for
refractive surgery outcomes analysis or by downloading
free macro-enabled Microsoft Excel spreadsheets [1, 2].
Macro-enabled spreadsheets are difficult to use because
they require manual data importation, manual format-
ting, and manual adjustments, which are time-consum-
ing and are prone to user error. More importantly, they
do not allow for automated simultaneous analyses of
two comparative groups nor for performing automated
"paired” and "unpaired" statistical analyses. Consequently,
specialized freeware for the rapid and automated produc-
tion of all standard graphs remains unavailable, limiting
their use.

In this context, we introduce mEYEstro, a free stan-
dalone software program that automatically performs
statistical analysis and produces standardized refractive
surgery graphs. By providing high-definition standard
graphs, mEYEstro can assist clinicians and researchers
in understanding clinical outcomes and presenting them
in accordance with current peer-reviewed journal stand-
ards for reproducible research in corneal and intra-ocular
refractive surgery.

Implementation

Software implementation and system requirements
mEYEstro is programmed and compiled in MATLAB
R2023a (MathWorks Inc., Natick, MA, USA) using the
MATLAB runtime compiler (MathWorks Inc.). mEY-
Estro is therefore an executable file (*.exe) that can be
run as an independent Desktop application. mEYEstro
requires the MATLAB runtime compiler (MRC) to be
correctly installed on the computer. The MRC installs
automatically with the mEYEstro install. mEYEstro has
been tested on Windows 10 Home and Professional, with
a 64-bit-operating system and both with 1920 x 1080 and
3840 x 2160 screen resolutions. mEYEstro and the dem-
onstration trial datasets are available to download from
https://www.lasikmd.com/media/meyestro. A tutorial
video is available at this link (https://www.youtube.com/
watch?v=NFIRRHx6Zal) and a tutorial guideline in Sup-
plementary File C.

Usage

mEYEstro can be used to automate producing all of the
standard refractive surgery graphs, as recommended by
various ophthalmology journals [10-14]. The tool was
developed specifically for academic research and teach-
ing purposes but can also be used by surgeons looking to
understand and improve their clinical outcomes. mEY-
Estro can be used to examine the visual and refractive
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outcomes of any corneal or intraocular refractive proce-
dure. The corneal procedures include LASIK, PRK, and
SMILE as well as collagen crosslinking, incisional kera-
totomy, intracorneal rings segments, LASEK, etc. The
lens-based procedures include cataract surgery, refrac-
tive lens exchange, phakic IOL, etc. mEYEstro can also
be utilized to study outcomes of procedures used to treat
the various refractive surgery complications that exist
today, or any other surgical procedure involving the eye
[15-24]. The use of mEYEstro is completely free provided
that the user cites the current manuscript when using
mEYEstro results in publications, presentations, or other
public communications.

Input data format

To automatically generate the figures, mEYEstro reads
data files in Microsoft Excel format (e.g., Datafile.xlsx).
Excel was used due to its widespread use and simplicity.
There are 20 columns, including 15 that are mandatory
for proper mEYEstro functioning. The first five columns
are 1) preoperative refraction sphere, 2) preoperative
refraction cylinder, 3) preoperative refraction axis, 4) pre-
operative refraction vertex distance, and 5) preoperative
corrected distance visual acuity (CDVA). The next four
columns are 6) intended postoperative refraction sphere
target, 7) intended postoperative refraction cylinder tar-
get, 8) intended postoperative refraction axis target, and
9) intended postoperative refraction vertex distance. If
the intended postoperative refraction is plano, columns
6, 7 and 8 should be reported as 0, 0, and 0, respectively.
The six next columns are 10) postoperative refraction
sphere, 11) postoperative refraction cylinder, 12) post-
operative refraction axis, 13) postoperative refraction
vertex distance, 14) postoperative CDVA and 15) post-
operative uncorrected distance visual acuity (UDVA).
The last five columns (columns 16 to 20) are optional
and allow the user to report the postoperative spheri-
cal equivalent (SEQ) at up to five different time points
to generate a standard stability graph. Refraction data
must be provided in the point decimal format (e.g., -1.50,
0.75) and using the negative cylinder (-ve) nomenclature.
The negative cylinder notation was chosen since it is by
far the most widespread notation used among refractive
surgeons. For calculation mEYEstro will automatically
convert the negative cylinder (-ve) to positive notation
(4+ve). The UDVA and CDVA data must be provided as
the 20/XX Snellen denominator (e.g., 20-1, 15, 20+ 2, 25,
30-1). An example of a representative mEYEstro data file
is presented in Supplementary File A. For users that use
LogMAR notation in their charting, a LogMAR to Snel-
len denominator automatic conversion table is included
in Supplementary File B. This automatic conversion table
can be used as needed to make automatic conversion of
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LogMAR values to 20/XX Snellen denominator values.
The converted value can simply be pasted in a mEYEstro
data file. Users can report their refraction data at any
vertex distance (12 mm, 10 mm, 0 mm, etc.). mEYEstro
will automatically convert the refractive astigmatism,
generally measured at a vertex distance of 12 mm, to the
corneal plane (0 mm). Data exclusion is at the user’s dis-
cretion prior to data importation. Upon entering your
data in the mEYEstro datafile, if Excel is automatically
converting Snellen denominator like 25-2 to a date “25-
Feb’, please instead type 25-2 or set the column number
format to “Text”.

Methods and standard reporting

The mEYEstro software adheres to terminology, calcula-
tions, and graphical representations originally described
by Waring and Reinstein, as well as Editorials by Rein-
stein et al. [1-3, 5, 6, 9]. All vectorial analyses adhere
to terminology, calculations, and graphical representa-
tions originally described by Alpins [10, 11, 13, 14]. The
efficacy index is calculated as the ratio of postoperative
UDVA (converted to decimal format) to the mean preop-
erative CDVA (converted to decimal format). The safety
index is the ratio of postoperative CDVA (converted to
decimal format) to mean preoperative CDVA (converted
to decimal format). The SEQ was calculated by adding the
sum of the sphere power with half of the cylinder power.
The defocus equivalent was calculated as the absolute
value of the SEQ plus half the absolute value of the cyl-
inder. Negative cylinder (-ve) to positive notation (4 ve)
conversion and vertex distance conversions of refraction
data adhere to the methodology described by Alpins [10].
Statistical methodologies are presented in the statistical
analyses reporting section of the current paper. For addi-
tional methodological details, please contact the corre-
sponding author.

Program workflow

The flow chart of the mEYEstro workflow is shown in
Fig. 1. mEYEstro is entirely controlled via a few simple
steps and each triggered as the user progresses through
the program workflow (Fig. 1). Upon starting the appli-
cation, the user must choose the type of refractive sur-
gery procedures (LVC, RLE, ICL, CAT) (Fig. 1A), the
study design (single group, unpaired groups, paired
groups) (Fig. 1B), the name of the group(s), the color of
the graphs, and the analysis parameters (Snellen lines to
display on the UDVA/CDVA graphs, LogMAR threshold
for each Snellen optotypes, efficacy & safety index lev-
els, etc.) (Fig. 1C). If the user wants to include a stability
graph, additional choices are presented (number of time
points, selection of time points to compare, etc.). Finally,
the user is invited to select the Excel data file for each
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group (Fig. 1D). The selected graphs are then generated
and automatically saved in a folder as high resolution 400
dpi TIFF images (Fig. 1E). These individual images are
ideal for PowerPoint presentations and scientific articles.
In addition to the 400 dpi TIFF images, the one-page fig-
ure with all 10 standard graphs (Fig. 1F) is exported as
an ultra-high definition 1200 dpi TIFF image for journals
with higher image quality criteria, such as the Journal of
Cataract & Refractive Surgery.

Efficacy reporting

Efficacy analyses include the preoperative and postop-
erative cumulative Snellen uncorrected (UDVA) and cor-
rected visual acuity (CDVA) graph (Panel A in Figs. 2,
3 snd 4) and the difference between postop UDVA and
preop CDVA graph (Panel B in Figs. 2, 3 and 4). These
two graphs allow the user to visualize and report stand-
ard visual outcomes. Panel A also includes the average
(+standard deviations) of the preoperative and postop-
erative UDVA and CDVA in LogMAR values. The Panel
B graph also reports the average efficacy index. The num-
ber of eyes per group is also displayed in Panel B. If two
groups are analyzed, the p-value and effect size between
groups is also displayed. For cataract surgery, the post-
operative UDVA is compared to postoperative CDVA
instead of preoperative CDVA, in agreement with cur-
rent journal standards.

Safety reporting

Safety analyses include the change in lines of CDVA
(Panel C in Figs. 2, 3 and 4). This graph allows the user
to visualize procedures safety in terms of corrected visual
acuity line gain and line loss from preop to postop. The
graph also reports the average safety index. The num-
ber of eyes per group is also displayed in Panel C. If two
groups are analyzed, the p-value and effect size between
groups is also displayed.

Spherical equivalent accuracy reporting

SEQ accuracy analyses include the accuracy of SEQ to
intended target histogram (Panel D in Figs. 2, 3 and 4)
and the achieved SEQ vs attempted SEQ scattergram
(Panel E in Figs. 2, 3 and 4). These two graphs allow the
user to visualize accuracy outcomes. Panel D displays
the percentage of eyes within 0.25, 0.50, 0.75 and 1.00 D
of intended target, as well as the average postop SEQ to
intended target. The number of eyes per group is also dis-
played in Panel D. If two groups are analyzed, the p-value
and the effect size between groups is also displayed. Panel
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Flow chart of the meyestro workflow
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Fig. 1 Flow chart of the mEYEstro workflow. A-B Upon starting the application, the user is invited to select (A) the type of refractive surgery and
(B) the type of statistical grouping. C The user is then invited to enter the group(s) name(s), select the colors of the graphs, and parameters. D The
user is next invited to select the data file. E The figures are automatically displayed and saved as high-resolution TIFF images in a folder at the same
location as the original Excel data file. This folder automatically opens once the graphs are saved. F The user can visualize the generated standard

figures

E also displays the linear regression equation, the R? the
average attempted SEQ, and the range of attempted SEQ.

Stability reporting
For longitudinal studies where stability over time is an
important part of the analyses, a standard SEQ stability

graph is required. This graph shows the preoperative
SEQ and the postoperative SEQ at up to 5 time points for
each group. For example, the user can provide the 1, 3, 6,
12, and 24 months SEQ data in the 5 last columns of the
data file and mEYEstro will generate the graph (Panel F in
Fig. 2) from the provided data, automatically calculating
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Fig. 2 Graphs that are automatically generated by mEYEstro from the provided Trial 1 dataset. The first simulated trial dataset (Trial 1) includes two
Excel files (Group A and Group B) and investigates the outcomes of a laser vision correction contralateral eye study comparing two excimer lasers
in hyperopic eyes with astigmatism. To generate this standard figure, please use the provided tutorial guideline in Supplementary File C. A tutorial
video is available at this link (https://www.youtube.com/watch?v=NFIRRHx6Zal)

the mean SEQ at each time point. mEYEstro will also cal-  Defocus equivalent accuracy reporting

culate the percentage of eyes with a SEQ change greater =~ When the user does not include a stability graph, a
than+0.50 D between two selected time points. For DEQ accuracy graph will automatically be included
example, between the 3 months and 24 months postop. instead. Defocus equivalent (DEQ) accuracy analyses
Since not all research questions require a longitudinal include the postoperative DEQ histogram (Panel F in
analysis, the stability analyses are optional and the user  Figs. 3 and 4). By default, this graph shows the per-
may leave the last five columns in the data file blank. The  centage of eyes with a DEQ within 0.25, 0.50, 0.75, 1.00
number of eyes at each time point and each group is also  and 2.00 D. The average postoperative DEQ and the
displayed at the bottom of Panel F. number of eyes per group are also displayed in Panel F.
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Fig. 3 Graphs that are automatically generated by mEYEstro from the provided Trial 2 dataset. The second dataset (Trial 2) is comprised of
simulated data from a single group in order to investigate the outcomes of a toric Phakic IOL (PIOL) in hyperopic eyes with moderate to high
astigmatism. To generate this standard figure, please use the provided tutorial guideline in Supplementary File C. A tutorial video is available at this

link (https://www.youtube.com/watch?v=NFIRRHx6Zal)

If two groups are analyzed, the p-value and the effect
size between groups is also displayed.

Astigmatism accuracy and vector reporting

Standard astigmatism analyses include the postopera-
tive refractive astigmatism graph (Panel G in Figs. 2, 3
and 4), the target-induced astigmatism (TIA) vector vs
surgically-induced astigmatism (SIA) vector scatter-
gram (Panel H in Figs. 2, 3 and 4), the Correction Index

histogram (Panel I in Figs. 2, 3 and 4), and the Angle of
Error histogram (Panel J in Figs. 2, 3 and 4). Panel G dis-
play the percentage of eyes within 0.50, 0.75 and 1.00 D
of plano postoperative astigmatism, as well as the aver-
age postop refractive astigmatism. Panel H also displays
the linear regression equation, the R? the average TIA
and SIA, and the range of attempted SEQ. The number
of eyes per group is also displayed in Panels G, H, I and J.
If two groups are analyzed, the p-value and the effect size
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Fig. 4 Graphs that are automatically generated by mEYEstro from the provided Trial 3 dataset. The third simulated dataset (Trial 3) includes two files
(Group A and Group B), used to investigate the outcomes of two cataract surgery groups, comparing two biometers, in myopic-astigmatism eyes.
To generate this standard figure, please use the provided tutorial guideline in Supplementary File C. A tutorial video is available at this link (https://

www.youtube.com/watch?v=NFIRRHx6Zal)

between groups is also displayed. For more detailed for-
mulas and calculations, the interested reader can consult
previous literature [10-14]. For advanced standard vec-
tor graphs, we have described and provided AstigMATIC
tool, available at www.lasikmd.com/media/astigmatic.

Statistical analyses reporting
When comparing two groups, the mEYEstro software
automatically selects and uses the appropriate statistical

hypothesis tests. The Kolmogorov—Smirnov test is first
used to test if the preoperative and postoperative vari-
ables are normally distributed. Unpaired sample T-tests
and non-parametric Mann Whitney U-tests are then
used where applicable to compared outcomes between
two independent groups. Paired samples T-tests or non-
parametric Wilcoxon signed-rank test tests are used
where applicable to compare two paired groups. Statisti-
cal significance is set at p<0.05 and all data are reported
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as means *+standard deviations (SD). Effect size (ES),
expressed as the Cohen’s d is also automatically calcu-
lated to better quantify the differences between groups.
The effect size is an important indicator of clinical signifi-
cance. For interpretation, we recommend the user follow
the Cohen criteria, where d<0.20 is considered as non-
clinically relevant. For greater statistical validity, the user
should include the outcome from one eye per patient in
the input data file, such as the dominant eye or a ran-
domly selected eye. mEYEstro currently has no feature
for comparisons of 3 of more groups using ANOVA.

Results and discussion

A total of 3 simulated refractive surgery datasets were
produced to test and demonstrate the capabilities and
all features of mEYEstro. The first simulated trial dataset
(Trial 1) includes two Excel files (Group A and Group B)
and investigates the outcomes of a laser vision correction
contralateral eye study comparing two excimer lasers in
hyperopic eyes with astigmatism. The second dataset
(Trial 2) comprised simulated data from a single group in
order to investigate the outcomes of a toric Phakic IOL
(PIOL) in hyperopic eyes with moderate to high astig-
matism. The third simulated dataset (Trial 3) included
two files (Group A and Group B), in order to investigate
the outcomes of two cataract surgery groups, comparing
two biometers, in myopic-astigmatism eyes. In each case,
mEYEstro was used to read the datasets (Excel files) and
to automatically generate all the standard graphs from
the provided data, as shown in Figs. 2, 3 and 4. The inter-
ested reader can reproduce those graphs using mEYEstro
on their own computer with the 3 provided trial datasets.
A tutorial video is available at this link (https://www.
youtube.com/watch?v=NFIRRHx6Zal) and a tutorial
guideline in Supplementary File C.

One limitation of mEYEstro is that the user cannot
modify or fully customize mEYEstro graphs and fea-
tures. We chose the executable (*.exe) format to prevent
users from modifying or copying the source code, which
could then lead to a lack a standardization over time. We
elected to fix the format of the mEYEstro graphs so that
they would be in accordance with current journal stand-
ards [1, 25]. The latter will facilitate comparisons between
studies. mEYEstro is currently limited to the 11 stand-
ard refractive surgery graphs discussed in this article.
While these figures cover the main outcome measures for
refractive surgery, supplementary vectorial astigmatism
analyses are also recommended [1, 2]. For advanced vec-
tor analysis graphs, the user can download and use our
free AstigMATIC tool (available at www.lasikmd.com/
media/astigmatic) [26].
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Future additions and improvements to the mEYEstro
software

mEYEstro will be updated annually or as needed to
avoid obsolescence. Future updates to mEYEstro may
include: 1) Advanced enhancement analyses. Note that
mEYEstro can already be used to report enhancement
outcomes using standard graphs but it does not pro-
vide additional non-standardized enhancement analy-
ses at present. Pre-enhancement data can be entered
as preoperative refractions and post-enhancement data
as postoperative refractions, and mEYEstro will dis-
play graphs of enhancement outcomes. 2) Advanced
nomogram analyses. In the interim, there is currently
a scattergram for attempted versus achieved SEQ cor-
rection (Panel E), and another for attempted versus
achieved astigmatism correction (Panel H), both of
which employ linear regression coefficients. Surgeons
can use this to make a basic nomogram and improve
their surgical outcomes. 3) Direct LogMAR data entry.
In the meantime, our LogMAR to Snellen converter can
be used to enter data in LogMAR. 4) Snellen data entry
in metric format. For now, online tools and tables can
help users convert visual acuity in any format, includ-
ing Snellen in metric units. 5) Multiple three or more
groups analyses with automated ANOVA statistics. In
the interim, when comparing 3 or more groups, the
interested user can generate single group outcome
graphs individually for each group. They can then use
their own calculated averages, standard deviations,
and sample sizes to derive their own hypothesis tests,
including ANOVAs. Users who have additional sugges-
tions to make are encouraged to contact us.

Significance of the mEYEstro software

Refractive surgery analyses are extensive and subtle
nuances cannot be fully captured in a single graphical
display [10-14]. The mEYEstro automated outcomes
software provides a simple approach whereby all graphs
are used to answer distinct questions about the efficacy,
safety, accuracy, and stability of the procedure. Such
analysis enables the cause of an inaccurate surgical
correction to be understood and the effectiveness of a
treatment to be fully evaluated [10—14]. Many authors,
research presenters and clinicians are not able to per-
form accurate analyses in their studies since a free
specialized software for standardized refractive sur-
gery graphs and statistical analyses is unavailable. We
therefore developed mEYEstro to meet their needs. It
is a fully automated and easy-to-use freeware, designed
to analyze outcomes of any refractive procedure cre-
ating an output as per the latest standards prescribed
by JRS [1], JCRS [25], and Cornea [8]. Note that there
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are alternate paid software options, including ASSORT,
SurgiVision DataLink, Datagraph-med, or IBRA which
have nomograms and surgical planning tools. Future
studies might compare those alternative outcomes
reporting tools.

Conclusions

With mEYEstro, we provide a freely downloadable tool
for automated detailed reporting of refractive surgery
outcomes that can be used by clinicians, surgeons, and
researchers to easily display standardized graphs for pub-
lication, presentation or clinical knowledge.

Abbreviations

AE Angle of Error

CDVA Corrected Distance Visual Acuity

cl Correction Index

oL Intra-Ocular Lens

PIOL Phakic Intra-Ocular Lens

JCRS Journal of Cataract and Refractive Surgery
JRS Journal of Refractive Surgery

LASEK Laser-Assisted Subepithelial Keratomileusis
LASIK Laser-Assisted in Situ Keratomileusis

LRS Laser Refractive Surgery

MRC MATLAB Runtime Compiler

PRK Photorefractive Keratectomy

SIA Surgically-Induced Astigmatism

SMILE Small Incision Lenticule Extraction

TIA Target-Induced Astigmatism

UDVA Uncorrected Distance Visual Acuity

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512886-023-02904-6.

Additional file 1.
Additional file 2.
Additional file 3.

Acknowledgements
Not applicable

Availability and requirements

Project name: mEYEstro Automated Standard Outcomes Software 1.0.
Project home page: http://www.lasikmd.com/media/meyestro.
Operating system(s): Windows 10 — Home and Professional — 64 bits.
Programming language: MATLAB.

Other requirements: MATLAB runtime compiler (MRC).

License: None.

Any restrictions to use by non-academics: None.

Authors’ contributions

AW and MG had the idea of creating mEYEstro for automated reporting of all
standard refractive surgery graphs. MG programmed mEYEstro. AW provided
thorough feedback during each build of meyestro and contributed to the
continuous improvement of mEYEstro. AW and MG designed the simulated
data files and performed mEYEstro validations. AW and MG were equal con-
tributor in writing and reviewing the manuscript, and both authors approved
the final manuscript.

Page 9 of 10

Funding
No grants and/or other financial support were received in relation to the
presented software and study.

Availability of data and materials
Data reported in the current study are included in this published article and
are available in a data repository at http://www.lasikmd.com/media/meyestro.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests or no conflict to disclose.

Received: 31 October 2022 Accepted: 4 April 2023
Published online: 21 April 2023

References

1. Reinstein DZ, Archer TJ, Randleman JB. JRS standard for reporting astig-
matism outcomes of refractive surgery. J Refract Surg. 2014;30(10):654-9.

2. Reinstein DZ, Archer TJ, Srinivasan S, Mamalis N, Kohnen T, Dupps WJ Jr,
Randleman JB. Standard for reporting refractive outcomes of intraocular
lens-based refractive surgery. J Refract Surg. 2017;33(4):218-22.

3. Waring GO. Standardized data collection and reporting for refractive
surgery. Refract Corneal Surg. 1992;8:1-42.

4. Koch DD, Kohnen T, Obstbaum SA, Rosen ES. Format for reporting refrac-
tive surgical data. J Cataract Refract Surg. 1998;24(3):285-7.

5. Waring GO. Standard graphs for reporting refractive surgery. J Refract
Surg. 2000;16(4):459-66.

6. Waring GO, Reinstein DZ, Dupps WJ, Kohnen T, Mamalis N, Rosen ES,
Koch DD, Obstbaum SA, Stulting RD. Standardized Graphs and Terms for
Refractive Surgery Results. J Refract Surg. 2011;27(1):7-9.

7. Dupps WJ, Kohnen T, Mamalis N, Rosen ES, Koch DD, Obstbaum SA,
Waring GO, Reinstein DZ, Stulting RD. Standardized graphs and terms for
refractive surgery results. J Cataract Refract Surg. 2011;37(1):1-3.

8. Stulting RD, Dupps WJ, Kohnen T, Mamalis N, Rosen ES, Koch DD, Obst-
baum SA, Waring GO, Reinstein DZ. Standardized Graphs and Terms for
Refractive Surgery Results. Cornea. 2011;30(8):945-7.

9. Reinstein DZ, Waring GO. Graphic Reporting of Outcomes of Refractive
Surgery. J Refract Surg. 2009;25(11):975-8.

10. Alpins N. Practical astigmatism planning and analysis. SLACK Incorpo-
rated; 2017. https://www.healio.com/books/ophthalmology/%7Bdbf
e02ef-5a32-4901-b9cd-3e9d01e10c15%7D/practical-astigmatism-plann
ing-and-analysis.

11. Alpins N. Astigmatism analysis by the Alpins method. J Cataract Refract
Surg. 2001;27(1):31-49.

12. Alpins N.Terms used for the analysis of astigmatism. J Refract Surg.
2006;22(6):528-528.

13. Alpins NA. A New Method of Analyzing Vectors for Changes in Astigma-
tism. J Cataract Refract Surg. 1993;19(4):524-33.

14.  Alpins NA. Vector analysis of astigmatism changes by flattening, steepen-
ing, and torque. J Cataract Refract Surg. 1997,23(10):1503-14.

15. Plech AR, Pinero DP, Laria C, Aleson A, Alio JL. Corneal higher-order aber-
rations in amblyopia. Eur J Ophthalmol. 2010;20(1):12-20.

16. Alio JL, Agdeppa MC, Pongo VC, El Kady B. Microincision cataract surgery
with toric intraocular lens implantation for correcting moderate and high
astigmatism: pilot study. J Cataract Refract Surg. 2010;36(1):44-52.

17. Bucher C, Zuberbuhler B, Goggin M, Esterman A, Schipper I. Corneal
limbal marking in the treatment of myopic astigmatism with the excimer
laser. J Refract Surg. 2010;26(7):505-11.


https://doi.org/10.1186/s12886-023-02904-6
https://doi.org/10.1186/s12886-023-02904-6
http://www.lasikmd.com/media/meyestro
http://www.lasikmd.com/media/meyestro
https://www.healio.com/books/ophthalmology/%7Bdbfe02ef-5a32-4901-b9cd-3e9d01e10c15%7D/practical-astigmatism-planning-and-analysis
https://www.healio.com/books/ophthalmology/%7Bdbfe02ef-5a32-4901-b9cd-3e9d01e10c15%7D/practical-astigmatism-planning-and-analysis
https://www.healio.com/books/ophthalmology/%7Bdbfe02ef-5a32-4901-b9cd-3e9d01e10c15%7D/practical-astigmatism-planning-and-analysis

Gauvin and Wallerstein BMC Ophthalmology

20.

21

22.

23.

24.

25.

26.

(2023) 23:171

Pinero DP, Alio JL, Teus MA, Barraquer RI, Michael R, Jimenez R. Modifica-
tion and refinement of astigmatism in keratoconic eyes with intrastromal
corneal ring segments. J Cataract Refract Surg. 2010;36(9):1562-72.

Krall EM, Arlt EM, Hohensinn M, Moussa S, Jell G, Alio JL, Plaza-Puche AB,
Bascaran L, Mendicute J, Grabner G, et al. Vector analysis of astigmatism
correction after toric intraocular lens implantation. J Cataract Refract
Surg. 2015;41(4):790-9.

Pinero DP, Alio JL, Klonowski P, Toffaha B. Vectorial astigmatic changes
after corneal collagen crosslinking in keratoconic corneas previously
treated with intracorneal ring segments: a preliminary study. Eur J Oph-
thalmol. 2012;22(Suppl 7):569-80.

Ruckl T, Dexl AK, Bachernegg A, Reischl V, Riha W, Ruckhofer J, Binder PS,
Grabner G. Femtosecond laser-assisted intrastromal arcuate keratotomy
to reduce corneal astigmatism. J Cataract Refract Surg. 2013;39(4):528-38.
Qian Y, Huang J, Chu R, Zhao J, Li M, Zhou X, Olszewski E, Wang Y. Influ-
ence of intraocular astigmatism on the correction of myopic astigmatism
by femtosecond laser small-incision lenticule extraction. J Cataract
Refract Surg. 2015;41(5):1057-64.

Wallerstein A, Gauvin M, Adiguzel E, Singh H, Gupta V, Harissi-Dagher M,
Cohen M. Clinically significant laser in situ keratomileusis flap striae. J
Cataract Refract Surg. 2017;43(12):1523-33.

Wallerstein A, Adiguzel E, Gauvin M, Mohammad-Shahi N, Cohen M.
Under-flap stromal bed CXL for early post-LASIK ectasia: a novel treat-
ment technique. Clin Ophthalmol. 2016;11:1-8.

Guide for Authors [https://www.elsevier.com/journals/journal-of-catar
act-and-refractive-surgery/0886-3350/guide-for-authors]

Gauvin M, Wallerstein A. AstigMATIC: an automatic tool for standard
astigmatism vector analysis. BMC Ophthalmol. 2018;18(1):255.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.elsevier.com/journals/journal-of-cataract-and-refractive-surgery/0886-3350/guide-for-authors
https://www.elsevier.com/journals/journal-of-cataract-and-refractive-surgery/0886-3350/guide-for-authors

	mEYEstro software: an automatic tool for standardized refractive surgery outcomes reporting
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Implementation
	Software implementation and system requirements
	Usage
	Input data format
	Methods and standard reporting
	Program workflow
	Efficacy reporting
	Safety reporting
	Spherical equivalent accuracy reporting
	Stability reporting
	Defocus equivalent accuracy reporting
	Astigmatism accuracy and vector reporting
	Statistical analyses reporting

	Results and discussion
	Future additions and improvements to the mEYEstro software
	Significance of the mEYEstro software

	Conclusions
	Anchor 24
	Acknowledgements
	References


