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Introduction: To compare the results of Verion system with manual marking in the reduction of astigmatism in eyes with 
cataract and low to moderate astigmatism by forming limbal relaxing incisions (LRIs).
Methods: Thirty-eight eyes of 22 patients who had undergone standard phacoemulsification surgery and limbal relaxing 
incision for astigmatic correction with the help of image-guided system (Verion) were compared retrospectively with 40 
eyes of 24 patients, who had undergone standard phacoemulsification surgery and limbal relaxing incision for astigmatic 
correction with manual marking.
Results: There was no significant difference between two groups concerning the mean 1st and 6th month postoperative un-
corrected visual acuity (UCVA), best-corrected visual acuity (BCVA), spherical and cylindrical values (p-values, 0.054, 0.068, 0.946, 
0.957, 0.971, 0.947, 0.254 and 0.195, respectively). Even though the mean postoperative 1st-month and 6th-month cylindrical 
values of the second group were higher than those of the first group, the difference was not significant statistically.
Discussion and Conclusion: LRIs performed during cataract surgery are efficient in reduction of low to moderate astigma-
tism. LRIs performed with Verion system seem to be not different significantly from LRIs performed with manual marking in 
the reduction of astigmatism during cataract surgery.
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Refractive cataract surgery is performed to correct both 
spherical and astigmatic refractive errors. Astigmatism 

of 1 to 3 diopters has been reported in 15-29% of eyes with 
cataract[1–3]. Astigmatism during or after cataract surgery 
can be corrected by spectacles, contact lenses, laser refrac-
tive surgery (PRK, LASIK or SMILE), limbal relaxing incisions 
(LRI), femtosecond laser-assisted corneal arcuate incisions 
and toric intraocular lens implantation[1, 4–6].

The LRI technique involves the placement of incisions cor-

responding to the steep meridian, resulting in corneal flat-
tening and the reduction of astigmatic power. LRI is a safe 
and inexpensive procedure, simple to perform in expert 
hands, effective in reducing astigmatism up to 4.0 D and 
resulting in rapid visual rehabilitation[7]. 

In this study, the LRIs performed with the help of image-
guided system (Verion) are compared retrospectively with 
manual marking in the reduction of astigmatism in eyes 
with cataract.
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Materials and Methods 
The study protocol was approved by the local ethics com-
mittee (Selcuk University, Faculty Medicine Ethics Com-
mittee, Konya, Turkey). An informed written consent was 
obtained from the patients before the surgery. This study 
was carried out according to the tenets of the Declaration 
of Helsinki.

Thirty-eight eyes of the 22 patients who had undergone 
standard phacoemulsification surgery and LRI for astig-
matic correction with the help of image-guided system 
(Verion) between February 2017 and June 2017 comprised 
Group 1. Forty eyes of 24 patients who had undergone 
standard phacoemulsification surgery and LRI for astig-
matic correction with manual marking between February 
2017 and June 2017 comprised Group 2. The mean age of 
the first group was 59.05±4.99 (SD) (52-69) years. Twelve 
of them (54%) were males, and 10 of them (46%) were fe-
males. Sixteen of them (72%) had bilateral and six of them 
(28%) had unilateral cataract. Twelve of the eyes (31%) had 
cortical, 12 (31%) had nuclear and 14 (38%) had posterior 
subcapsular cataract. The mean age of the second group 
was 59.35±6.49 (SD) (51-71) years. Twelve of them (50%) 
were males and 12 of them (50%) were females. Sixteen 
of them had bilateral and eight of them (33%) had unilat-
eral cataract. Fourteen of the eyes (35%) had cortical, 12 
(30%) had nuclear and 14 (35%) had posterior subcapsu-
lar cataract. All of the surgeries were performed by a single 
surgeon (SC).

Biometric measurements of group 1 patients were ob-
tained by the Verion Image-Guided System (Alcon Labo-
ratories, Inc. Fort Worth, TX) (Fig. 1) and those of Group 2 
patients were obtained by the IOL Master 500 (Carl Zeiss 
Meditec, Jena, Germany). Keratometric astigmatisms were 
measured with an automated keratorefractometer (Top-
con KR-8900, Topcon, Japan) preoperatively in all patients 
and confirmed by biometric measurements.

In Group 1 patients, under topical anesthesia, before start-
ing the phacoemulsification surgery, the video-assisted 
eye tracking of the Verion Image-Guided system was used 
to determine the steep meridians of the cornea (Fig. 2). Two 
LRIs were created with a guarded micrometer diamond 
blade by forming a groove 1mm anterior to the limbus at a 
depth of 600 µm (approximately 80% of peripheral corneal 
thickness) with a 6 mm (in between 1.00 and 2.00 D astig-
matism) or 8 mm (in between 2.00 and 3.00 D astigmatism) 
length according to Gills nomogram.

In Group 2 patients, manual limbal markings were made 
at 0 and 180 degrees preoperatively in sitting position at 

the slit lamp. The steep meridians were marked using a 
Mendez ring under topical anestesia before starting the 
phacoemulsification surgery. Two LRIs were created with a 
guarded micrometer diamond blade by forming a groove 
1 mm anterior to the limbus at a depth of 600 µm (ap-
proximately 80% of peripheral corneal thickness) with a 
6 mm (in between 1.00 and 2.00 D astigmatism) or 8 mm 
(in between 2.00 and 3.00 D astigmatism) length accord-
ing to Gills nomogram. The main incision was temporal in 
all cases. Monofocal IOLs (Acrysof IQ, Alcon Inc) were im-
planted in all patients. All of the cases with surgical compli-
cations like posterior capsular rupture or vitreous loss were 
excluded from this study. There was no intraoperative or 
postoperative complication like keratitis or scar formation, 
related to LRIs.

Figure 1. Verion Image-Guided System.

Figure 2. The usage of Verion Image-Guided System.
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After surgery, patients used topical antibiotic (Moxifloxacin 
0.5%, Vigamox, Alcon, USA) four times a day for a week and 
topical steriod (Dexamethasone Na Phosphate, 0.1%, Dex-
a-sine, Liba, USA) six times a day for a week, and it was ta-
pered for subsequent three weeks. Full ophthalmological 
examinations were performed preoperatively and on 1st 
day, 1st week, 1st month, 3rd month and 6th month after 
the operation. Keratometric astigmatisms were measured 
with an automated keratorefractometer (Topcon KR-8900, 
Topcon, Japan) postoperatively in all patients.

For statistical analysis, SPSS version 22 programme was 
used. The skewness and kurtosis values of the variables 
were between -1 and +1, but additionally Normality of 
Distribution (Shapiro-Wilks) test was performed and p-
values were greater than 0.05 for all variables, it showed 
that the distribution was normal and similar between the 
two groups. For comparison of percentage of sex between 
the two groups, Chi-square test was used. For comparison 
of data inside the groups, paired t-test and between the 
groups, t-test was used. A p<0.05 value was accepted as 
statistically significant. 

Results
Concerning age, sex, laterality and type of cataract, there 
was no significant difference between two groups (p-val-

ues, 0.910, 0.884, 0.895 and 0.756, respectively). There was 
no significant difference between two groups in respect to 
the mean preoperative uncorrected visual acuity (UCVA), 
best-corrected visual acuity (BCVA), spherical and cylindri-
cal values (p-values, 0.842, 0.841, 0.165 and 0.858, respec-
tively). The preoperative characteristics of the patients are 
summarized in Table 1.

There was no significant difference between two groups re-
garding the mean 1st and 6th month postoperative UCVA, 
BCVA, spherical and cylindrical values (p-values, 0.054, 
0.068, 0.946, 0.957, 0.971, 0.947, 0.254 and 0.195, respec-
tively). Even though the mean postoperative 1st-month 
and 6th-month cylindrical values of the second group were 
higher than those of the first group, the difference was not 
significant statistically. The postperative characteristics of 
the patients are summarized in Table 2.

Discussion
Astigmatism is an important refractive disorder. To obtain 
satisfactory postoperative results, astigmatism should be 
decreased as far as possible. Different surgical techniques 
have been developed to minimize astigmatism during 
cataract surgery. LRI, femtosecond laser-assisted corneal ar-
cuate incisions, and toric intraocular lens implantation are 
the choices for correction of astigmatism during cataract 

Table 1. Preoperative characteristics of the patients

Parameters Group 1 Group 2 p
  (Verion) (Manual Marking)
  n=38 n=40

Age (Years) 59.05±4.99 (SD) 59. 35±6.49 (SD) 0.910
  (52-69) (51-71) 
Sex (Male/Female), n (%)  12/10 12/12 0.884
  (54/46) (50/50) 
Laterality, n (%)
 Unilateral 6 (28) 8 (33) 0.895
 Bilateral 16 (72) 16 (67) 
Type of cataract, n (%)
 Cortical 12 (31) 14 (35) 0.756
 Nuclear 12 (31) 12 (30) 
 PSC 14 (38) 14 (35) 
Preoperative UCVA (logMAR) 0.70±0.25 0.72±0.25 0.842
  (0.30-1.00) (0.30-1.00) 
Preoperative BCVA (logMAR) 0.56±0.21 0.58±0.21 0.841
  (0.20-0.80) (0.20-0.80) 
Preoperative Sphere (D)  -1.01±2.59  -1.40±2.60 0.165
  (-5.00 to 3.00) (-6.00 to 2.00) 
Preoperative Cylinder (D)  -2.05±0.84  -2.10±0.85 0.858
  (-3.00 to-1.00)  (-3.00 to -1.00) 

PSC; posterior subcapsular cataract, UCVA; uncorrected visual acuity, BCVA; corrected visual acuity, D; Diopter, SD; standard deviation.
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surgery[8–10]. The LRI has been considered to be a safe and 
effective technique with reduced intraoperative and post-
operative complications[11].

In this study, we compared the LRIs performed with the 
help of Verion image-guided system and with manual 
marking in the reduction of astigmatism during cataract 
surgery. There was no significant difference between two 
groups with respect to postoperative UCVA and BCVA val-
ues. Although the mean postoperative 1st and 6th months 
cylindrical values of the second group (manual marking 
group) were higher than those of the first group (Verion 
group), the difference was not significant statistically. The 
mean postoperative cylindrical values of both groups were 
significantly lower than preoperative values.

In the literature, we have seen studies on effectiveness of 
LRI, comparison of LRI with toric IOL implantation, compari-
son of keratometric and biometric measurements obtained 
by Verion image-guided system with optical biometry and 
auto-keratorefractometer; however, to our knowledge we 
did not encounter any study on comparison of LRI per-
formed with Verion system and manual marking for correc-
tion of astigmatism during cataract surgery or any study on 
effectiveness of LRI performed with Verion system.

Lam et al.[12] reported that both toric IOL implantation and 
LRI were effective in correcting corneal astigmatism ≤3D dur-
ing phacoemulsification, while LRI tended to undercorrect 
astigmatism. Coloma-Gonzalez et al.[13] reported that LRI is a 

simple, safe and effective method not only for reducing pre-
existing astigmatism during cataract surgery but also in pro-
viding good unaided visual acuity. Roman et al.[14] reported 
that limbal relaxing incisions are an effective and simple ap-
proach to the correction of significant preoperative astigma-
tism during cataract surgery. Loncar et al.[15] reported that 
limbal relaxing incisions provide a viable option for correct-
ing pre-existing astigmatism at the time of cataract surgery 
with mild complications. Lim et al.[16] reported that the ker-
atometric effects of LRIs were stable from 10 weeks to 3 years 
postoperatively. Carvalho et al.[17] reported that limbal relax-
ing incisions performed during phacoemulsification surgery 
appear to be a safe, effective and stable procedure to reduce 
pre-existing corneal astigmatism.

Conclusion
In conclusion, LRIs performed during cataract surgery are 
efficient in the reduction of low to moderate astigmatism. 
LRIs performed with Verion system seem to be not different 
significantly from LRIs performed with manual marking in 
the reduction of astigmatism during cataract surgery.

Ethics Committee Approval: The Ethics Committee of Selçuk 
University Faculty of Medicine provided the ethics committee ap-
proval for this study (20.12.2017-2017/377).

Peer-review: Externally peer-reviewed.
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Table 2. Postoperative characteristics of the patients

Parameters Group 1 Group 2 p
  (Verion) (Manual Marking) 
  n=38 n=40

Postoperative 1 month, UCVA (logMAR) 0.24±0.01 (SD) 0.31±0.55 (SD) 0.054
  (0.00-0.040) (0.00-0.50)
Postoperative 6 month, UCVA (logMAR) 0.19±0.12 0.25±0.11 0.068
  (0.00-0.30) (0.00-0.40)
Postoperative 1 month, BCVA (logMAR) 0.01±0.03 0.01±0.03 0.957
  (0.00-10) (0.00-0.10)
Postoperative 6 month, BCVA (logMAR) 0.01±0.03 0.01±0.03 0.165
  (0.00-10) (0.00-0.10) 
Postoperative 1 month, Sphere (D) -0.10±0.48  -0.10±0.44 0.971
  (-1.00 to 1.00) (-1.00 to 1.00) 
Postoperative 6 month, Sphere (D)  -0.07±0.18  -0.07±0.18 0.947
  (-0.50 to 0.000) (-0.50 to 0.00) 
Postoperative 1 month, Cylinder (D)  -1.15±0.37  -1.30±0.25 0.254
  (-1.50 to-0.50) (-1.50 to -1.00) 
Postoperative 6 month, Cylinder (D)  -0.97±0.51  -1.15±0.27 0.195
  (-1.5 to-0.50) (-1.50 to -1.00)

UCVA; uncorrected visual acuity, BCVA; best-corrected visual acuity, D; Diopter, SD: Standard deviation.
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