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Abstract
● To compare surgically induced astigmatism (SIA) of 
different surgeons, who perform the same main incision. 
Two hundred and seventy eyes underwent cataract surgery 
with phacoemulsification by four different surgeons (A, B, 
C, and D). A 3-step, 3.0 mm, superotemporal for the right 
eye and superonasal for the left eye clear corneal incision 
was performed. A comparison in SIA among A, B, C and D 
surgeon was made. No significant difference was found in 
SIA at both first and sixth postoperative month between 
different surgeons (P>0.05). SIA is more dependent on 
incisional characteristics and preoperative astigmatism 
and less on the surgeon.
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INTRODUCTION

A s for astigmatism in cataract surgery, factors affecting 
postoperative corneal refractive status are under 

research. Incision size (width and length) and configuration 
(1-, 2-, 3-step), incision location relative to the limbus and 
axis on which the main incision is performed[1] are parameters 
upon which a surgeon can impact in order to change or 
not preoperative astigmatism. A small incision temporally 
positioned is thought to be by most surgeons “astigmatically 
neutral” compared with a superotemporal, superonasal or 
superior incision[2]. Factors such as the eye, left or right[3-4] 

corneal pachymetry[5], the magnitude of preoperative 
astigmatism[6] and the type of astigmatism (with the rule-WTR, 
against the rule-ATR)[7] are parameters that we take into 
account when planning cataract surgery, but we cannot affect 
in order to change corneal astigmatism.
Every surgeon is considered to induce standard astigmatism 
(surgically induced astigmatism-SIA). The purpose of this 
study is to determine which factor, “surgeon” or incisions’ 
characteristics actually matter in changing corneal curvature.
METHODS
This observational retrospective study was performed in 
General Hospital of Piraeus “Tzaneio”, Attiki, Greece from 
February 2011 to October 2013. The study was approved by 
the hospital’s Ethics Committee and performed in accordance 
with the thical principles of the Declaration of Helsinki. 
Written informed consent was obtained from each patient.
All eyes presented ≤1.5 diopters (D) corneal astigmatism. 
Preoperative exclusion criteria were previous anterior segment 
surgery, dry eye syndrome, chronic use of eye drops and 
corneal pathology, horizontal corneal diameter <11.5 mm 
and >12.5 mm. Moreover, all cases of unrecordable corneal 
topography or big differences between serial measurements, 
dilated pupil diameter smaller than 5.5 mm and cataract 
grading according to Lens Opacity Classification System 
(LOCS) III system of NC5NO5, NC6NO6 as factors delaying 
cataract surgery and further stressing the main incision were 
excluded. Postoperative exclusion criteria were suturing of the 
incisions, complicated surgery necessitating enlargement of 
the tunnel incision, bad incisions leading to balloning, wound 
burn, unstable anterior chamber or tight fit around phaco 
probe, iris prolapse and corneal distortion.
Preoperatively all patients underwent a full ophthalmologic 
examination. Biometry was performed with A-scan U/S. 
Keratometric data were obtained by corneal topography 
EyeSys Vista 2000. Three serial measurements were 
performed and compared with the measurements obtained with 
automated refractometer NIDEK ARK-510A, and when not 
consistent (threshold: difference between autorefractometer 
and topography >0.5 D and/or >20o), patients were excluded. 
Furthermore, NIDEK ARK-510A was used to measure white-
to-white distance. Preoperatively the location of tunnel and 
sideport incision were marked on the slit lamp, in seated 
position.
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Postoperative follow up was scheduled at the 1st day, 1st month 
and 6th month after surgery. Biomicroscopy at the slit lamp, 
where the axis of tunnel incision was reported by turning the 
light beam coaxially to the tunnel incision, was performed.
Also best corrected visual acuity using Snellen optotype, 
corneal topography and auto-keratometry were performed. SIA 
was calculated by vector analysis using the Alpin’s method. 
A 0-25ο and 155ο-180ο was considered as ATR astigmatism 
and 65ο-115ο was WTR astigmatism. Eyes with oblique 
astigmatism were excluded because of their small number.
All patients underwent phacoemulsification by four different 
experienced (>1000 cataract surgeries) surgeons (A, B, C, D). 
All surgeons were right-handed and performed the same main 
3-step clear corneal incision, 3.0 mm, superotemporal for the 
right and superonasal for the left eye (at 100ο-130ο). A stab 
sideport incision 1.0 mm was made in predetermined distance. 
Nucleus removal was followed by injection of a foldable 
hydrophilic acrylic 3-pieces intraocular lens (Mediconsult 
A85UV). All eyes were under medication therapy with a 
combination of tobramycin-dexamethasone and nepafenac 
ophthalmic drops 4 times a day for 1mo.
RESULTS AND DISCUSSION
This was a retrospective study conducted on 270 eyes, of 
which 138 left and 132 right eyes, 118 presented WTR and 152 
ATR astigmatism. Of all patients 141 were females and 129 
males, aged 72.65±9y (SD). Analysis of variance (ANOVA) 
was used to compare SIA in right and left eyes and WTR and 
ATR astigmatism between different surgeons (Table 1). No 
significant difference was found in SIA at both first and sixth 
postoperative month among different surgeons (P>0.05). 
Furthermore, SIA presented statistically significant reduction 
between 1st and 6th month (P=0.003).

Our purpose was to evaluate how the factor “surgeon” affects 
SIA, while eliminating other confounding factors. Since our 
main incision was oblique (always at 100o-130o) we separated 
left from right eyes in order to eliminate factors such as corneal 
thickness and proximity of the main incision to the optical 
center of the eye, which influence postoperative astigmatism. 
The superomedial quadrant of the cornea is considered thicker 
than the superolateral[8].
A thin cornea is more vulnerable to a bending force and causes 
more deformation (or SIA) in the central cornea[5]. On the other 
hand it is a fact that superomedial location of the main incision 
for the left eyes affects more postoperative astigmatism, due to 
the closer location of the main incision relative to the optical 
center and the bigger wound stress caused by the phacoprobe 
as a result of the difficult handling in the presence of the nose 
and the eyebrow[3-4].
According to the above, both superomedial and superolateral 
incisions affect postoperative astigmatism but for a different 
reason. It is a fact that the relative change in diopters caused 
in each case cannot be easily quantified. SIA is multifactorial 
and each factor affects each eye in a different way. Our results 
show no statistical difference in SIA between left and right 
eyes, consistent with other publications (Table 2). However 
other authors reported a predominance of superonasal incisions 
in left eyes in SIA[4,9].
Ӧzyol and Özyol[7] supported the fact that superior incisions 
affected more ATR astigmatism than WTR astigmatism. In 
our study superolateral/medial incisions affect equally SIA in 
both WTR and ATR cases. This may be related to the oblique 
location of the incision. Oblique incisions affect less SIA but 
lead to greater torque in the axis of astigmatism.

Table 1 SIA in right and left eyes and in cases of ATR and WTR astigmatism for each surgeon at first and sixth postoperative month 

Parameters Surgeon A Surgeon B Surgeon C Surgeon D

SIA (SD)

Left eyes

1st postoperative month 0.67 (0.48)a 0.64 (0.36)a 0.77 (0.38)a 0.80 (0.48)a

6th postoperative month 0.64 (0.49)a 0.58 (0.36)a 0.75 (0.35)a 0.71 (0.49)a

Right eyes

1st postoperative month 0.76 (0.36)a 0.85 (0.57)a 0.67 (0.43)a 0.64 (0.38)a

6th postoperative month 0.78 (0.41)a 0.78 (0.56)a 0.61 (0.37)a 0.63 (0.36)a

Astigmatism

  WTR Surgeon A (n=36) Surgeon B (n=30) Surgeon C (n=27) Surgeon D (n=25)

   1st postoperative month 0.68 (0.56) 0.71 (0.39) 0.72 (0.47) 0.81 (0.44)

   6th postoperative month 0.73 (0.56) 0.63 (0.38) 0.63 (0.38) 0.76 (0.44)

  ATR Surgeon A (n=45) Surgeon B (n=40) Surgeon C (n=35) Surgeon D (n=32)

   1st postoperative month 0.73 (0.29) 0.74 (0.52) 0.71 (0.37) 0.64 (0.43)

   6th postoperative month 0.68 (0.36) 0.69 (0.51) 0.70 (0.36) 0.58 (0.4)
aP>0.05.
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In our study, incision characteristics were the same as for size, 
configuration and location in all cases. The only variable was 
the surgeon. Our data show no statistical difference in SIA 
between A, B, C, and D surgeons. SIA appears to be more 
related to the preoperative keratometric data, the location 
and width of the main incision. As it is shown in Table 2 
superotemporal, superonasal, superior incisions of 3.0-3.5 mm 
width present SIA of 0.70-0.80 D, on-axis incisions 0.80-
1.0 D, temporal incisions 0.60-0.70 D, while nasal incisions 
introduce more SIA, thus 1.5 D. In all the above studies SIA 
was calculated using vector analysis as was in our study.
Our study shows that incisions with the same characteristics 
of width and location, calculated by the same method, result 
in similar SIA. It is of note that “surgeon’s” effect is limited in 
comparison with other incisional characteristics.
Further studies comparing incisions in other locations and 
surgeons with different experience would shed more light on 
surgeon’s influence in SIA. It is our belief, that studies can 
safely include eyes operated by different surgeons as long as 
they present same incision characteristics and SIA, without 
fear of inconsistensy. Thus, larger studies may be performed 
and safer conclusions could be drawn.
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