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Original Research Article

Validity of Novel Microsoft excel Software for Calculating Surgically Induced Astigmatism
Abstract

Purpose: To investigate validity and predictability of awesoftware calculator for surgically
induced astigmatism quantification.

Techniques and methods: A new astigmatic calculator was designed, based dhaBgrean
principle and trigonometric functions using Micrétsoffice excel 2007. Astigmatic magnitude was
guantified in diopters and axis direction was dtgicin degrees. Calculator was applied,
investigated and analyzed on 30 pseudophakic ég¢sihderwent temporal scleral incision surgery
with in the bag intraocular lens implantation. Brel post operative anterior corneal curvature was
measured with Bausch and lamb keratometer. Simidarand differences were compared with the
existing version 1.1 and 2.1 calculators and siegisanalyses performed using Microsoft excel.
Results: Mean pre and post operative astigmatic magnitude caculated as 62.67 (+/- 2.40) and
62.83 (+/- 2.29) diopters. Mean pre and post oparastigmatic axis was 89.74 (+/- 1.37) and
89.51 (+/- 1.37) degrees. Pearson’s coefficieniv@$ calculated as 0.91 and 0.83; coefficient of
determinations (B was calculated as 0.82 and 0.68 for astigmatignibades and axes
respectively. Student chi-square test was usedltulate T values which were 0.39 and 0.26 for
astigmatic magnitude and axis. Validity was comgawéh existing surgically induced astigmatism
calculators 1.1 and 2.1 versions. Predictabilitys wessessed by y=2.83+0.95x for astigmatic
magnitude and y=15.28+0.83x equations for astignzatis.

Conclusion Present Microsoft excel calculator application waid as the values for astigmatic
magnitude and axis were comparable with existilfy &llculators and can be used for astigmatic
predictability.

Keywords: surgically induced astigmatism (SIA), Pythagorearinciple, trigonometric and

calculus formulae, astigmatic magnitude and dioecti
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Introduction

Unexpected and post cataract surgical refractitigraatic surprises are not uncommon in clinical
practice. Understanding surgically induced astigenatenlightens modifications in astigmatic
control. Clinical prediction about pre and post@pee astigmatic magnitude and axis after cataract
surgery improves acceptable modifications of sungédncision techniques that would provide
least astigmatic correction to patients. Surgicatiguced astigmatism (SIA) determination uses
subtraction method, vector analysis, vector decaitipa, Cravy’s vertical vector, Naeser’s polar

values and algebraic methods for calculatiths.

Recently, minimum standard format for reportinggaetitic outcomes and terminology to define
astigmatism was formulated by astigmatic projeougrof the American national standard institute
(ANSI).? As astigmatism is manifested in magnitude andctima simultaneously, principles of
vector Cartesian coordinate system calculationsewatapted in the present study. Research
rationale of this novel simple Microsoft (MS) ex@)07 software construction is to validate and
correlate with existing SIA calculator 1.1 and Zdftware. Furthermore predictability of post

operative SIA vectors was evaluated by means oéssgpn equations.

Subjects and M ethods

The experimental study conducted primarily on pasierecruited from an ongoing study on
manual keratometric analysis of anterior cornealvature following temporal scleral incision
cataract surgery. Informed consent was taken fribrpagients. This project was approved by the
institutional ethical committee and conducted itaadance with the Declarations of Helsinki of
1975. A new, yet a simple MS excel software funwtiovere employed to analyze SIA on the basis
of Cartesian coordinate vector system. Thirty eyfe30 cataract patients were included after three
months of surgery as refractive status stabilizeshis time? All patients underwent temporal

scleral incision cataract surgery with in the baga ocular lens implantation. Eyes with intra
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operative complications were excluded. Pre and ppstative keratometric horizontal (Kh) and
vertical meridians (Kv) were measured by Bausch laowdb keratometer (Appasamy KMS 6). As

Microsoft Excel is easily available and accessibiéan be used similarly on other versions also.

M S excel SIA software-Basic Principles

Formulae were constructed accordingly as astigmatibides with power in diopters and axis
direction in degrees by vector analysis system.ade and axis of pre and post operative SIA
vectors was expressed in diopters and in degregmectvely. Generally in day to day practice
astigmatism involves correction of two principle ndé&ns that are perpendicular to each other;
hence resultant vector is the hypotenuse of Pyteagoright angle triangle that was used to

calculate magnitude of SIA vector.

Pythagorean principle applies to right angle triasgomposed of adjacent and opposite sides with
hypotenuse. The formula is adjacent $iglepposite side= hypotenuse hence hypotenuse is equal
to sum square root of adjacent and opposite sidas represents net astigmatic magnitude in
diopters. (Figure 1) Pre and post operative keratom horizontal and vertical values were
substituted for opposite coordinate (a) and adjaceordinate (b) respectively. Resultant displaced
coordinate is the magnitude of SIA vector represgrity hypotenuse value that was expressed in

diopters of astigmatism.
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Adjacent ' Hypotenuse {c)
side {a) 3

Opposile side (b)

Figure | Caloulation of LA vector magnitude based on Pythagorean
principle

Figure 1 Calculation of magnitude of SIA vectord@®n Pythagorean principle

For example 1

Pre operative cylinder -1.00 Dx90 degrees
Post operative cylinder -2.00 Dx180degrees
c’=a’+b? therefore c¥a+b’

Therefore c¥1%+2°=\ 5=2.2 D which is the resultant displaced magnitofi8IA vector
To find out resultant pre and post operative vediogction (angle) that is the astigmatic axis in
degrees, trigonometric and calculus functions wepelied. Here law of cosine was used for

calculation of the angle theta for the resultamns ax SIA vector.

Adjacent side opposite side

Cosine @ = sine @ =

Hypotenuse hypotenuse

Therefore, adjacent side = hypotenuse cos @ andsdppside = hypotenuse sin g. This formula is
for understanding law of cosines to calculate ealtand horizontal components when hypotenuse
is known and vice versa. However we want to fintltbe angle of hypotenuse which is the axis of

SIA vector. Value for astigmatic angle is calcuthteom tangent formula as shown below.
4
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Opposite side (horizontal curvature)

Tan @ = OR

Adjacent side (vertical curvature)

@ = tan' {Kh/Kv} that is derived from referring to tablesnd Microsoft excel trigonometry
functions. Since astigmatic axis doubles in dimgtithe formula was multiplied by 2. Then @=2
tan* {Kh/Kv} which is the final formula for calculatingre and post operative resultant axis of SIA

vector in degrees.

For example, Substituting our pre operative keratoin readings, when Kh is 42.74 diopters and
Kv is 42.25 diopters in the formula we get, Tan @2:74/42.25 is equal to 0.99. Because & = 2
tari* {0.99} which is equal to 0.78 radians convertethif9.34 degrees automatically in the present
software calculator. Therefore practically resultaxis of SIA vector becomes 90 degrees.
Subtracting post operative axis of SIA vector frpmne operative axis of SIA vector, resultant axis

of SIA vector was obtained.

Results

Surgically induced astigmatism in 30 pseudophakieseof 30 patients was studied by applying
newly formulated Microsoft Excel software calculatblean age was 60.3 (+/- 8.66) years with 14
males (46.66%) and 16 (53.34%) females. All cagesated from temporal side and in the bag
intraocular lens placement was performed in 30 G)@yes by same surgeon. Linear relationship
and line of best fit for magnitude and axis of prel post operative magnitude and axis of SIA

vectors is shown in Figure 2 and 3.
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Figure 3 Simple linear regression model of best line fit for Resulrant axis of
SIA veclor

Descriptive statistics of pre and postoperative mtage with resultant magnitude of SIA vector in
diopters is shown in Table 1. Descriptive statst€ pre and post operative axis with resultans axi
of SIA vectors in degrees is shown in Table 2. 8hid test was performed to find out t values to
know difference in the means. Statistical significeevels set at 0.0p value. Regression equation
was employed to find out predictability of post oggese SIA vectors. This is calculated from the
equation y=a+bx, where 'y’ is dependant variab#,i$ intercept and ‘b’ is slope for SIA vector.
(Table 3) Validity was tested by comparing withsgixig SIA calculator version 1.1 and 2.1. Table
4 and 5 shows pre and post operative keratometita df study patients and summarizing

similarities and differences between SIA calculdtdr, SIA calculator 2.1 and new SIA calculators.
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Table 1 Descriptive statistics of preand post operative magnitude of SIA vectorsin diopters (D)

n=3( Mear Standarc | Standarc = Minimum = Maximum
deviation  error (SE)

Pre op magnitude  62.67 D +/-2.40 D 1.03 56.93D  67.20D

Post op magnitude 62.83 D +/-2.29 D 0.47 5711 D 67.20D

Resultant magnitud 0.75D +/-0.66D  0.1¢ 0.0CD 2.8:D

of SIA vector

Table 2 Descriptive statistics of pr

eand post operative axis of SIA vector in degrees (d)

n=30 Mean Standard Standard Minimum = Maximum
deviation | error (SE)

Pre operative axis 89.74d +/-1.37d 0.29 86.99 d 91.96d

Post operative axis 89.51d +/-1.37d 0.28 86.99 d 92.25d

Resultant axis o 0.60d  +/-0.48d 0.33 0.00d 1.72 d

SIA vector

Table 3 Student t test resultsand regression equationsfor SIA vectors

Resultant Resultant
astigmatic astigmatic
magnitude axis
Pearson correlation 0.1 0.83
Coefficient of determination () = 0.82 0.68
Degree of freedo 29 29
T value 0.39 0.2¢
t critical one tail valu 1.67 1.67
p value 0.59 0.11
Regression equation y=2.83+0.95x  y=15.28+0.83X
Confident intervals 0.51t00.99 0.43t00.77




132 Table 4 showing pre and post operative keratomdsia of patients with comparative analysis

SIA Presen
Pre operative datg Post operative data | version 2.1| calculator
Resultant | Resultant
S. No. Age Kh Kv Kh Kv magnitude | magnitude
1 61 42.75 43.75 41.75 43.25 0.5 1.06
2 58 45.25 45 45.25 44.75 0.2¢ 0.1¢
3 75 46.25 48.75 46.25 48.75 0 0
4 70 45 44.25 45.25 44.5 0 0.35
5 46 44 44.5 44.25 44.5 0.25 0.18
6 65 45.5 45.5 44.25 44.75 0.5 1.41
7 65 44.5 43.5 44.75 44.25 0.5 0.7
8 70 39.75 40.75 39.75 41 0.25 0.18
9 35 44.25 45.25 44.5 45.25 0.25 0.18
10 63 43.5 43 43 42.75 0.2¢ 0.52
11 58 45 44 45.25 44.25 0 0.35
12 60 43.25 42.25 43 43.25 1.25 0.53
13 68 43 43.75 43.25 44.75 0.75 0.89
14 41 44 44.5 41.5 43.25 1.2t 2.€
15 61 46 45.75 47 45.75 1.00 0.71
16 58 45.75 45 46 45.5 0.25 0.53
17 63 44.75 45.25 45.25 45.25 0.5 0.35
18 68 45.5 47.75 45.5 46.5 ik 72k 0.¢
19 49 41 42.5 41.5 43.5 0.5 1.07
20 60 46 47.75 45.5 47.75 0.5 0.35
21 60 44.5 43 45.5 43.75 0.25 1.24
22 57 45.25 45.5 44.5 44.5 0.2¢ 1.2¢
23 54 44 44.5 44 44 0.5 0.36
24 58 44.75 44.5 45.5 45.75 0.5 1.41
25 61 45 43.5 44.75 43.75 0.5 0
26 70 39.75 40.75 40.5 41.5 0 1.0¢
27 65 44.25 43.5 44 44 0.75 0.18
28 64 45.75 46.25 45.75 46 0.25 0.18
29 59 43 42 44.25 44.75 1.25 2.83
30 67 45 46.25 45.75 47 0 1.0¢€
133 Table 5 Summarizing features showing SIA calcula®sion 2.1 and present calculator for
134 astigmatic magnitude
Principle | equationg Z score| P value Mean Standard
magnitude| deviation
SIA version 2.1  Vector 6 -1.4119 0.16 0.46 D +/- 0.38 D
system | equations
New calculator] Vector 2 -1.4119 0.16 0.75D +/- 0.68 D
system | equations
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Discussion
Present study attempted to design a new SIA catrulsing Microsoft office excel 2007 functions
and applied on 30 psuedophakic eyes intended tmtysbn anterior corneal curvature analysis

following temporal scleral incision cataract susger

Resultant magnitude of SIA vector was 0.48 withroved standard deviation and SEM compared
to SIA calculator version 2.1 that showed resultaragnitudes of 0.75 which is closure to the
results of present new SIA calculator. Resultatigamtic magnitude ranged from 0.00 diopters to
2.83 diopters in the present study. (Table 1) Rastlbxis of SIA vector was displaced in a range
from 0.00 degrees to 1.72 degrees. (Table 2) Pearsorrelation coefficient and coefficient of

determination showed high interrelationship for miagle and axis of SIA vector. However there
was no statistical significant difference discerregtther of magnitude or axis of SIA vectorp. (

0.59,p 0.11)

No significant difference was perceived on comgarimeans of magnitude and axis of SIA vectors
as the t values calculated from student t testilet/éess than the t critical one tail values. ([Eab)
Analyses of resultant magnitude between SIA ver&dnand present calculator was shown with

pre and post operative keratometric data. (Table 4)

Linear regression analysis demonstrated data gailigtribution closure to trend line that suggested
best fit model line. Predictability assessed byss§ititing pre operative magnitude of SIA in place
of independent variable X’ in the regression euay=2.83+0.95x. (Figure 2) Similarly for axis
of SIA vector, predictability assessed by regresseguation y=15.28+0.83x. Data points’
distribution was not closure to trend line suggestxis of SIA vector discrepancy as majority of

data points scattering widely and sparsely. (Fig)re
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Previous methods of surgically induced astigmatigre calculated from subtraction method, polar
methods and vector method. Simple subtraction ngdethwolves subtracting the post operative
average keratometric reading from preoperative ingathat was insufficient to address overall
change in anterior corneal curvature. Polar amnalgsiSIA is complicated and involves diopteric
conversion in to plus cylinder form that involveborious work up. Both polar method and vector
analysis was followed for construction of SIA cdidor version 1.1 and 2.1. Present calculator
construction is only based on vector analysis. deanalysis of SIA is reliable and acceptable
method since it takes into account of astigmatigmtade expressed in diopters and astigmatic axis

direction expressed in degrees.

Similaritiesand differ ences between calculators

Existing SIA calculator version 1.1 and 2.1 areduse evaluate single case and multiple case
analysis respectively however their theoreticakatpof analysis of SIA are similar. Simultaneous
representation and measurement of astigmatic mafmiand axis add to the complexity of
assessment that can be solved by applying prirecipiesector based system. Both these versions

are based on astigmatic vector that assigned tigrosepresented by x and y points.

In the present calculator keratometric horizordaad vertical meridians were represented on
opposite and adjacent coordinates of a right arngéngle to calculate resultant magnitude
(hypotenuse) of SIA vector. In this calculator eaomponent of vector was dealt separately for the
ease of SIA calculations and understandings. Thedawates of right angle triangle was considered
similar to keratometric horizontal and vertical ™&ns and assigned keatometric value to calculate
hypotenuse which represents magnitude of SIA ve@anilarly axis was calculated from the
equation @=2 tah{Kh/Kv} here the value was multiplied by 2 as gstiatic axis repeats itself in
360 degrees. This new SIA calculator was applied validification in psuedophakic eyes

irrespective of incision dimensions.

10
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All keratometric data were converted into plus rgér format in SIA version 1.1 and 2.1 thus
following principles of polar method for calculati® for SIA determination. Present calculator
constructed essentially on vector analysis for ntada of SIA vector. Other similarity were both
calculators adopted trigonometric and calculus tioncfor calculating axis of SIA vector and
similar results obtained with our data when vedfie SIA versions 1.1 and 2.1 (table 5). Another
similarity was resultant magnitude was calculatédrasubtracting pre operative values from post

operative values.

Working of new SIA software

Novel calculator consists of five excel spreadsheatned as pre op magnitude, post op magnitude,
pre op axis, post op axis of SIA vector and laptigdictability equations. There are two equations
in the new calculator for calculating resultant miagde and axis of SIA vector while SIA version
2.1 constitutes 6 equations. Vector is shown asatmuing magnitude and directions in SIA version
2.1 where as the present calculator considers rdeafiagnitude and axis separately for SIA
analysis. Although both calculators showed simi@sultant axis while showing variations in
resultant magnitude (table 5) however there wastatstically significant difference between two

calculators (table 6)

By Simply entering horizontal and vertical keratantevalues; software automatically calculates
magnitude and axis of SIA vectors. Subtractinggperative from post operative magnitude or axis
of SIA vectors values arrives at resultant magmted axis respectively. Predictability for post
operative magnitude and axis of SIA vectors cacdleulated in the last spreadsheet. Innumerable
patients’ data entry can be performed with the gmesiew calculator. Proposed formula can be
applied in all Microsoft office excel software aslaulator was constructed on basic principles of

vector analysis.

11
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Other advantages of SIA version 2.1 calculatorhit it may also be used to analyze SIA for
foldable lenses through temporal approach and velaéulating IOL power for toric IOL. A high

value of coherence means that SIA value generateédily representative of the whole data set
which is not calculated with present calculator.ttBaalculators provided a detailed analysis
presented on the pages entitled for detailed regudt could be used when publishing scientific
studies. Both calculators derived similarly wittspect to resultant astigmatic axis calculations.
Another difference is predictability equation deelddrom regression formula to find out predicated
post operative SIA vector is provided with new cddtor while predictability equations were not
considered in SIA calculator 1.1 and 2.1 versioDgher limitations of present calculator are
centroid and coherence facilities which are avdglah SIA version 1.1 and 2.1 and were not

constructed.

Compar ative analysis of new Sl A calculator

Samar basak developed SIA calculator for singlee ¢&A soft version 1.1) and multiple case
analysis (SIA soft version 2.1) based on vectoryais and reported 6.15 (+/-0.50) seconds to
calculate SIA vector with software calculator methcompared to 5.27 (+/-0.48) minutes by
manual methods and recommended vector analydie igdld standard for determining SIA. Mean
astigmatic resultant magnitude of 0.48 diopters wakulated on present calculator and 0.75
diopters with SIA calculator version 2.1. (TableHwever existing calculator did not show post

operative predictability of magnitude and directafrastigmatic vector formulae for predicatibn.

Dam-Johansen M and Olsen T calculated SIA in 185 end reported 0.61 and 0.77 diopters of
astigmatic magnitude for 4 mm and 6 mm scleral @irphacoemulsification four months after
surgery by vector analysis that exhibited differeatcomes from the present study results which
was performed irrespective of incision dimensiddauhari et al studied SIA on various incision

sizes and reported a mean SIA vector of -0.88 @#61) diopters at 90 degrees with inverted V

12
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incision that was statistically significant by Stalculator version 2.1. Present study revealed 0.48

(+/- 0.38) diopters as resultant astigmatic magteitirespective of incision configuratién.

Mallik et al studied 110 eyes in superior and terapcision manual cataract surgery cases and
reported a mean magnitude of SIA vector of 1.45@+74) diopters in superior group and 0.75 (+/-
0.41) diopters in temporal incision category by $Bxsion 1.1 calculator with Z score of 5.71 with
statistically significant difference. Similar vaki®btained from the new calculator for temporal
incision cataract surgery, revealed 0.48 (+/- OdB8pters as magnitude of SIA calculator. However
statistical significant differenceas not found in the current study either for magnéua axis of

SIA vector’®

Marek et al reported 0.63 (+/-0.28) diopters of igmsatic magnitude for temporal
phacoemulsification with 2.8 mm corneal incisiorthwstatistical significant difference comparable
to the present studyNaeser et al demonstrated univariate and bivapiaker analysis method for
SIA calculations and reported astigmatic magnitedel.02 diopters for 9 mm incision, 0.71
diopters for 5.5 mm and 0.64 diopters for 4 mm eatnincisions? Polar methods were not
analyzed in the present study. Ernest study of ®lwing squared posterior limbal and clear
corneal incisions during phacoemulsification reedahverage 0.25 (+/- 0.14) diopters for 2.2 mm
incision size. There was no statistical significdifference between two types of incision sites

similar to results of present study and SIA caledarom statsoft Inc ‘statistica’ softwatt?

Ofir et al studied SIA by vector analysis for 2.4nntorneal incision in 70 eyes and compared
between three corneal measuring devices (Lenst®0QSHaag-Streit, Koeniz, Switzerland;

IOLMaster 500, Carl Zeiss Meditec, Dublin, CA; afitlas topographer, Carl Zeiss Meditec) with

similar results. Bausch and lamb keratometry wasiue assess SIA in the present sttidyala

MA, Sumith perera reported a mean SIA vector or@7diopters following small incision cataract

13
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surgery and recommended inclusion of measuremeatmtion of biometric devices when

interpreting the results, when calculating SIA gsine doctor-hill.com online SIA calculatt.

Derya et al reported lower SIA values for supefimbal incision group on the basis of vector
analysis although the difference was not statiiyicagnificant* Yoon et al reported mean SIA of
0.81 and 0.92 diopters respectively for tempordl maisal 3.0 mm clear corneal incision in bilateral

phacoemulsification with equivocal astigmatic chexagithree months follow Up.

Kawahara et al study calculated astigmatism udiregAlpins method that showed no statistical
difference in mean SIA score between one handedvamdanded phacoemulsification techniques
however results indicated corneal side port in haoded cataract surgery had a torque effect on
astigmatic axis/ Denoyer et al recommended consideration of biomeichl features of cornea
such as corneal hysteresis and corneal resistaauter ffor better predictability of refractive

outcomes of cataract surgéefy.

Limitations of study

SIA magnitude and axis quantified irrespectivenaision dimensions and configuration was one of
the limitations. Small sample size was chosen faw ralculator application as a pilot study to
corroborate validity and predictability. Strengthrew calculator is in determining accurate axis

and post operative predictability of magnitude ari$ of SIA vector.

In conclusion, new SIA calculator provided compéealkesults with existing calculators in addition
to predictability judgment on astigmatic quantifioa and axis direction. Added value of present
new SIA calculator is magnitude and axis separatebit for ease of understanding and knowledge
on predictability on post operative SIA vector waghlighted. Ophthalmic surgeons with fair

knowledge concerning Microsoft office excel softes&007 are sufficient to enter their patients pre

14
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and post operative keratometric readings for apprai surgically induced astigmatic
quantifications and provide maximum post operatwsual rehabilitation with prescription of

minimum amount of induced astigmatic error.

Disclaimer: - This manuscript was presented in tomference “24 Annual Conference of
Karnataka Ophthalmic Society” available link igamw.koscon2015.in/images/Final_New.PDF”
date Nov 20 - Nov 22, Dr. D Veerendra Heggade Kslaka SDM College of Medical Sciences

and Hospital, Sattur , Dharwad.
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