ORIGINAL PAPER

CHANGES OF SURGICALLY INDUCED CORNEAL
ASTIGMATISM AND POSITION OF ARTIFICIAL
INTRAOCULAR LENS OVER TIME

Popov I, Juhas J., Kopalova K., Krasnik V.

Department of Ophthalmology, Faculty of Medicine, Comenius
University and University Hospital Bratislava, Slovakia

This study has not been submitted to any other journal or published
elsewhere. The authors of the study declare that no conflict of interests
exists in the compilation, theme and subsequent publication of this
professional communication, and that it is not supported by any
pharmaceuticals company.

MUDr. Mgr. Ivajlo Popov Ph.D, MPH,
FEBO

Klinika oftalmoldgie LF UK a UN
Bratislava

Ruzinovska 6

82101 Bratislava

E-mail: ivajlo.popov@gmail.com

Received: November 8, 2022
Accepted: January 23, 2023
Available on-line: March 30, 2023

CHANGE OF SURGICALLY INDUCED CORNEAL ASTIGMATISM AND POSITION
OF ARTIFICIAL INTRAOCULAR LENS OVER TIME

Aims: To analyze changes in surgically induced corneal astigmatism and artificial intraocular lens (IOL) stability over time following cataract surgery. To
compare the interchangeability of measurements between an automatic keratorefractometer (AKRM) and a biometer.

Material and methods: In this prospective observational study, the above-mentioned parameters were collected from 25 eyes (25 subjects) on the first
day, first week, first and third month after uncomplicated cataract surgery. We used IOL-induced astigmatism (difference between refractometry and
keratometry) as an indirect indicator of IOL stability change. We used the Blant-Altman method to analyze consistency between devices.

Results: At the above time points, surgically induced astigmatism (SIA) decreased as follows: 0.65 D; 0.62 D; 0.60 D and 0.41 D (in the first day, week,
month and third month respectively). Astigmatism induced by changes of the position of the IOL varied as follows: 0.88 D; 0.59 D; 0.44 D and 0.49 D.
Changes in both parameters were statistically significant (p < 0.05). Neither the measurements of the astigmatism value nor the astigmatism angle
showed a statistically significant difference between the devices (p > 0.05).

Conclusion: Both surgically induced astigmatism and astigmatism induced by IOL decreased over time, in which both changes were statistically
significant. The decrease in SIA was most pronounced between the first and third month after surgery. For I0OL-induced astigmatism, the greatest
decrease was within the first month after surgery. The differences in measurement between the biometer and AKRM were statistically insignificant, but

the clinical interchangeability between the given methods is questionable, especially with regard to measurement of the astigmatism angle.
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INTRODUCTION

The cornea forms approximately two thirds [1] of the
entire refractive power of the eye, and in the Caucasian
population it measures an average of 11.96 cm horizon-
tally (“white to white”), while in the vertical dimension it
is smaller. Its average dioptric power is 44.3 D and avera-
ge astigmatism is 0.91 D [2].

However, these parameters may be influenced by in-
tervention with the integrity of the cornea, for example
by incision during cataract surgery, which may cause
changes to corneal curvature. The quantification of these
changes is expressed under the title of surgically induced
astigmatism (SIA). This is defined as the difference betwe-
en postoperative and preoperative astigmatism, and can
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be measured either with the aid of manifest refraction or
analysis of corneal curvature [1]. Cataract surgery is the
most frequently performed operation in ophthalmology
[3]. Surgically induced astigmatism caused by corneal in-
cisions is a very important factor influencing the posto-
perative result and patient satisfaction. It is assumed that
temporal incisions cause lesser SIA than superior incisi-
ons, and that the degree of SIA may also be influenced
by the length, shape and width of the incision [4]. It is
necessary to reckon with the degree of SIA in the calcu-
lation of the artificial intraocular lens (IOL) in biometry.
Healing of the cornea is a dynamic process [5]. This is also
linked to change of SIA over time. It is important to know
the stabilisation of postoperative astigmatism, whether
this is for the purpose of correct timing of the final posto-
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perative correction, or in the case of further planning of
treatment and diagnosis of the ocular pathology. Besides
the cornea, postoperative astigmatism is also influenced
by astigmatism induced by an artificial intraocular lens
(IOL-induced astigmatism). Monofocal non-toric lenses
may also induce astigmatism due to their tilt or decentra-
tion. Tilt is manifested most pronouncedly upon instabi-
lity of the IOL in the capsule, which may occur in the early
postoperative period, until the IOL becomes stabilised
by adhesion of the capsule. For this reason, in our study
we decided to observe the change of SIA and IOL-indu-
ced astigmatism over time, following standard cataract
surgery with the implantation of a monofocal IOL. In the
postoperative period an automatic keratorefractometer
(AKRM) is often used at postoperative follow-up exa-
minations for measuring refraction and corneal astig-
matism. Occasionally situations also occur (for example
opacity of the optic media) in which it is not possible to
measure corneal astigmatism with a biometer, and it is
thus necessary to supplement data from an AKRM. As a
result, we decided also to compare the precision of agre-
ement of keratometry between a biometer and an auto-
matic keratorefractometer.

MATERIAL AND METHOD

In our prospective study we observed the develop-
ment of astigmatism in the form of SIA and IOL-induced
astigmatism over time in patients who were planned for
standard cataract surgery with the implantation of an IOL
into the capsule. Before the operation, biometry was per-
formed on each patient with the aid of the optical biome-
ter Lenstar LS900 (Haag-Streit AG, Koeniz, Switzerland).
The cohort included only patients without irregular astig-
matism, who had not undergone any previous eye ope-
rations and were without any known or newly discovered
corneal pathology such as keratoconus, corneal scars, dry
eye syndrome and others. We selected values of beneath
2.0 D of astifmatism and less than 47.0 D as the steepest
value of keratometry (Steep K) as the safe limit in order to
exclude ectatic corneal diseases. Patients with symptoms
of pterygium were also excluded from observation. The
patients were all operated on by the same surgeon, using
a uniform technique. The main 2-degree corneal incision
with a width of 2.75 mm was located at no. 12 on the
clock face. Two paracenteses with a width of T mm were
located at numbers 10 and 2. The artificial intraocular
lens was placed in the capsule following uncomplica-
ted cataract surgery with the aid of phacoemulsification
and bimanual irrigation and aspiration. A single-piece
MD Tech I-stream hybrid IOL with a quadrilateral shape,
made of hybrid (hydrophobic and hydrophilic) acrylic
material, was implanted. At the end of the operation, the
paracenteses were sealed by hydration. It was not neces-
sary to hydrate the main incision in any of the patients.
On the next postoperative day, the patients were also
examined in mydriasis using a slit lamp. Decentration of
the IOL was evaluated visually. We did not observe pro-
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nounced decentration of the IOL in any of the patients,
and all of them had the edge of the optical part of the IOL
covered circularly with capsulorhexis. If the cornea was
without visible signs of edema, the patients were inclu-
ded in the further analyses. If both eyes were operated
on, and provided that it met the inclusion criteria, only
the right eye of the patient was included in the analy-
sis. All patients were examined on the first day, the first
week, the first month and the third month after surgery.
In order to ensure the most precise possible analysis, the
change of astigmatism was observed with the aid of the
same Lenstar LS900 optical biometer also in the posto-
perative period. During the follow-up examinations, the
patients also underwent an examination with an AKRM
(Nidek AKR-1a). We calculated surgically induced astig-
matism with the aid of a vector analysis according to the
formula mentioned in the article by Sanchez-Taberner
[6]. For quantification of the influence of IOL-induced as-
tigmatism, we used the absolute values of the difference
between refractometry and keratometry from the AKRM.
We displayed the results as the average observed quan-
tities, with minimum and maximum values. The data in
the values of SIA and IOL-induced astigmatism manifes-
ted deviations from normal distribution, and as a result
we used a Friedman non-parametric test for comparison
of the averages from repeated measurements. For the
post-hoc analysis we used the Bonferroni correction.
For evaluation of the concordance of the results of ke-
ratometry between the biometer and the AKRM from
the third month after surgery, we used the Blant-Altman
method [7]. We stipulated the level of alpha significance
at 0.05. We converted astigmatisms from keratometry to
values that were compatible with the imaging of astig-
matism in biometry, and in the calculation we displayed
the values within a range from 270° to 90°, in which we
indicated the given values from -90° to +90° (Fig. 1). In

90°
135°

180° 0°

315°=-45°
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Figure 1. Example of conversion of astigmatism values for the
calculation
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order to exclude methodical errors, we manually chec-
ked and adequately corrected differences greater than
90°. For example, at an angle of 80° and 100°, following
conversion we arrived at 80° and -80°, which makes a di-
fference of 160°, whereas the actual difference is only 20°.
In our study we adhered to the principles of the Helsinki
declaration.

RESULTS

The data was analyzed from 25 out of 30 patients. Five
patients did not complete the observation due to con-
tracting COVID-19 or for other health reasons. The analy-
sed cohort contained 6 men and 19 women. The descrip-
tive statistics of the cohort and the development of SIA
over time are illustrated in Table 1.

SIA in individual time periods compared among them-
selves. The differences between the individual points in
time were statistically significant (p < 0.05). A final decre-
ase by 0.23 D was observed, which in some cases may
be clinically significant. Surgically induced astigmatism
decreased over time, in which the most pronounced
decrease occurred between the first and the third month.
Change of SIA over time is illustrated in Graph 1.

We also conducted a post-hoc analysis using a Wil-
coxon text with Bonferroni correction. A statistically
significant difference in SIA was recorded in the post-hoc
analysis between the first day and the third month (p <
0.05), and also between the first and third months (p <
0.05). Values of significance are presented following the
application of the Bonferroni correction. The other diffe-
rences were statistically insignificant.

The development of the value of postoperative refrac-
tometry stated in the spherical equivalent is illustrated in
Table 2.

Refractometry initially recorded a slight myopic shift
up to the first postoperative week, whereas the opposi-
te trend appears between the first and third postopera-

Table 1. Descriptive statistics of the sample and SIA change over time

tive months. These changes are associated with change
of SIA and also with change in the position of the IOL, in
which it is not possible to differentiate the effect of the
two phenomena solely on the basis of these values. The
development of the change of refractometry was not sta-
tistically significant (Friedman test, p > 0.05).

We presented the influence of IOL on the overall va-
lue of astigmatism as the difference between overall and
corneal astigmatism. The development of this value is il-
lustrated in Table 3. The difference in the development
of astigmatism was statistically significant (Friedman
test, p < 0.05), specifically between the first day and the
first month (p = 0.018, post-hoc analysis with Bonferroni
correction).

We analyzed the interchangeability of the keratometry
values from the biometer and the AKRM with the aid of
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Graph 1. Change in SIA value in time, displayed in box plot with
quartiles

SIA - Surgically Induced Astigmatism

Minimum Maximum Average SD
Age [age] 60.0 88.0 73.8 7.9
Axial length [mm] 222 24.8 23.1 0.7
Preoperative astigmatism [D] * 0.0 1.1 0.6 0.3
Postoperative astigmatism in month 3 [D] * 0.1 1.3 0.7 0.3
Steep K [D] 42.3 46.6 44.5 1.2
Angle of Steep K [°] 0 173 79 52
SIA - day 1 [D] 0.1 1.5 0.7 0.4
SIA - week 1 [D] 0.2 14 0.6 0.3
SIA - month 1 [D] 0.1 1.5 0.6 0.3
SIA - month 3 [D] 0.1 1.0 0.4 0.2

Steep K - The Steepest Keratometry reading

SIA - Surgically Induced Astigmatism

SD - Standard Deviation

* Corneal Astigmatism measured with the Lenstar LS900
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the Blant-Altman method. We analysed the values of the
height of astigmatism and its angle separately. The ave-
rage differences in the measurements and limits of agre-
ement between them are illustrated in Table 4.

The values of the height of astigmatism showed a sta-
tistically insignificant difference between the measure-

Table 2. Refractometry value change over time

ments (p = 0.80). The average difference between the
values of astigmatism between the instruments was very
small (0.0 = 0.3 D). Lenstar overestimated the value of
the angle by 9 + 22°. The interchangeability of the me-
asurements is illustrated in Graph 2, where we can see
that two values are located outside of the 95% interval of

Minimum Maximum Average SE [D] SD
Day 1 -3.5 1.5 -0.4 1.0
Week 1 =3 0.4 -0.6 0.8
Month 1 -3.1 0.4 -0.6 0.8
Month 3 -3.5 1.0 -0.3 0.8
SD - Standard Deviation
SE - Spherical Equivalent
Table 3. IOL-induced astigmatism value change over time
Minimum Maximum Average [D] SD
Day 1 0.3 23 0.9 0.6
Week 1 0.0 1.5 0.6 0.4
Month 1 0.0 1.8 0.4 0.5
Month 3 0.0 1.8 0.5 0.5

SD - Standard Deviation

Table 4. Differences in measurements between devices and their limits of agreement

95% limits of agreement
Average SD Upper Lower One-sample t-test
Differences between AST measurements 0.0 0.3 0.5 -0.5 0.8
Differences between AST angle measurements -9 22 34 -52 0,06
AST - Astigmatism
SD - Standard Deviation
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Graph 2. Blant-Altman plot for astigmatism measurement

AST - Astigmatism
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Graph 3. Blant-Altman plot of astigmatism angle measurement

AST - Astigmatism
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agreement. In the case of the angle of astigmatism, the
difference between the measurements was also statisti-
cally insignificant (p = 0.06). The correlation of the me-
asurements is presented in Graph 3. We considered the
range of the limit of agreement between the measure-
ments of angle of astigmatism (86°) to be very broad, and
for this reason we analyzed whether greater imprecisions
of measurements occur in the case of higher astigmatis-
ms. We did not find any significant correlation between
the degree of the astigmatism and the difference in the
measurements of its angle (p = 0.43; Pearson correlation
coefficientr=0.16).

DISCUSSION

In our study we observed a number of quantities in
connection with the anatomical restructuring of surgical
wounds and other ocular structures following uncompli-
cated cataract surgery. The main focus was on observing
changes in corneal curvature following surgical incisions
over time in the form of SIA. It ensues from the results
that in terms of refraction, we cannot consider the pro-
cess of healing to be complete even one month after sur-
gery. In his study, Qin He observed a statistically insigni-
ficant decrease of SIA between the first and sixth months
after surgery by 0.1 D [8]. In our study we observed a
significant decrease of SIA, and the size of the decrease
in our study was also larger between the first and third
month (0.2 D). In Qin’s study a 2.2 mm incision was used,
which may have caused an overall lower SIA and a smal-
ler decrease thereof. On the basis of Qin He's study it is
possible to assume that the decrease of SIA between the
third and sixth month is negligible, and we would not
expect any further significant decrease also in our own
cohort. A study conducted by Theodoulidou observed
a decrease of SIA between the first and the sixth month
from 0.3 to 0.12 D [9]. A similar time frame of observation
was chosen in the study conducted by Rainer [10], which
however observed a temporal and superotemporal inci-
sion with a width of 3 mm. In the case of a temporal in-
cision, they observed a decrease of SIA by 0.3 D between
the first week and the third month, which is more than
in our observation (we recorded a decrease by 0.21 D).
However, in the case of a superotemporal incision they
in fact recorded an increase by 0.1 D within the given
period of time. In our study we observed the greatest
decrease between the first and third months. Up to the
first month the development of astigmatism was virtu-
ally unchanged. A similar phenomenon was observed by
Liang in the case of a 2.2 mm and also a 3.0 mm incision,
in which a more pronounced decrease of SIA also occur-
red up to the third month, specifically by 0.08 D in the 2.2
mm incision and by 0.2 D in the 3.0 mm incision [11].

Alteration of the position of the IOL may cause various
aberrations such as defocus, astigmatism, coma and other
higher-order aberrations. Tilt of up to 2-3° and decentra-
tion up to 0.2-0.3 mm are clinically insignificant in the case
of virtually all types of IOL [12]. Monofocal spherical I0Ls
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have a lesser influence on these aberrations upon altera-
tion of the position of the IOL in comparison with aspheri-
cal, toric or multifocal IOLs [13]. Tilt and decentration of the
IOL occur upon a background of various different factors.
These include for example the natural tilt of the patient’s
own original lens [14], asymmetrical fixation of the IOL in
the capsule (part in the capsule, part in the sulcus) and
crack in the capsule [12]. While a long axial length, thick
lens and large or decentred capsulorhexis mainly cause
decentration, previous pars plana vitrectomy, short axial
length, incomplete coverage of the optics of the IOL ca-
psule and capsular fibrosis mainly cause tilt [15-17]. For
example, in the case of an aspherical monofocal IOL, ho-
rizontal tilt causes astigmatism against the rule. At a 5° tilt
it causes 0.14 D and at 10° this is 0.56 D in the case of a
28 D IOL [18]. In our study we attempted to eliminate fac-
tors associated with capsulorhexis by selecting patients
in whom we had excluded decentred capsulorhexis and
capsulorhexis without complete coverage of the optics.
Although we calculated the influence of the lens only on
the basis of the difference between overall refraction and
keratometry, it was not possible to differentiate the in-
fluence of tilt from decentration, and in addition we only
assessed the influence on astigmatism, in which higher-or-
der aberrations were not analyzed. From the results (Table
3) it is evident that the greatest decrease of IOL-induced
astigmatism occurs between the first day and the first
week, and the subsequent decrease up to the third month
is more gradual. This more pronounced decrease is signifi-
cant between the first day and the first month (p = 0.018).
This is probably connected with the formation of adhesi-
ons of the IOL with the capsule in the early postoperative
period, which is in accordance with the theory that com-
plete capsular adhesion takes effect in the case of acrylic
IOLs already on the 11th postoperative day [19]. In highly
myopic eyes this time is extended [20], although this type
of eye was not present in our cohort.

Upon a comparison of the agreement in measurements
of the degree of astigmatism with the aid of AKM and bio-
metry, we observed statistically insignificant differences
(p = 0.8). The differences between the instruments upon
measurement of the angle of astigmatism were also sta-
tistically insignificant, if only suggested (p = 0.06). In their
study, Hashemi et al. observed a relatively good agree-
ment in the measurement of degree of astigmatism by
AKM with Lenstar, which is in accordance with our own
observations. However, the agreement between the in-
struments improved in their study upon the application of
correction from the regression formula from their analysis
[21]. On the other hand, our results are not in accordance
with Altinel’s study or with Hashemi’s second study, thou-
gh this was conducted on children [22,23]. Despite our ob-
servation of a statistically insignificant difference betwe-
en the instruments upon measurement of the degree of
astigmatism, a question remains as to whether the range
of agreement (1.0 D) is clinically acceptable. Acceptabili-
ty may only be assessed individually. Agreement in the
angle of astigmatism was not compared in any of the abo-
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ve-mentioned studies, even though in Hashemi’s study on
children an astigmatism vector analysis was conducted,
which contains information about the power and angle
of astigmatism. In this case, it is difficult to differentiate
between the two quantities in the analysis. In our study we
compared a broad interval of limits of agreement from a
clinical perspective upon a comparison of measurement
of the angle of astigmatism (86°). Here it is also questio-
nable as to whether such a broad interval of agreement is
clinically acceptable, since it now approaches 90°, which
completely alters astigmatism. The size of the differences
in the measurements of the angle did not correlate with
the height of astigmatism (p=0.43; r=0.16).
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