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Introduction

Many studies have demonstrated the effectiveness of astig-
matism correction with a toric intraocular lens (IOL) (1-3). 
Implantation of a toric IOL at the correct axis is of the ut-
most value to correct astigmatism in cataract surgery. The 
manual marking technique is a popular method, although it 
has several disadvantages, such as potential human error by 
both the surgeon and the patient during marking, as well as 
fading of the corneal marks. 

The markerless Callisto eye system (Carl Zeiss Meditec 
AG, Jena, Germany) is a tool introduced to address these 

problems. This study is an examination of results achieved 
at a single center with this intraoperative IOL positioning 
system.

Methods

This study was approved by the institutional review board of 
the Istanbul Yeni Yuzyil University Faculty of Medicine and 
the ethical standards of the Declaration of Helsinki were 
observed throughout. In this retrospective study, the medi-
cal records of patients who underwent phacoemulsification 
with implantation of a toric monofocal IOL between January 
1, 2018 and December 31, 2018 were reviewed. The inclu-
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sion criteria were the presence of corneal astigmatism of 
1.25 diopter (D) or more, uncomplicated phaco surgery, use 
of Callisto eye (Fig. 1) during surgery for toric IOL position-
ing, available first-month medical records, and a pupil dilata-
tion that enabled observation of marking on the IOL. During 
this period, 96 toric IOLs were implanted and 60 eyes of 46 
patients met the study criteria. There were 20 males and 26 
females, aged 32 to 72 years (mean: 56±16.4 years).
Preoperative Assessment 

All of the patients provided written, informed consent 
before the surgery. A detailed slit-lamp examination was 
performed preoperatively. Best spectacle-corrected visual 
acuity, non-contact intraocular pressure, cornea astigmatism, 
and anterior chamber evaluation with a Pentacam HR system 
(Oculus Optikgeräte, Wetzlar, Germany) were recorded. 
The diopter of the toric IOL was determined using an online 
calculator. Preoperatively, high quality reference infrared im-
ages were registered with an IOL Master 700 biometer (Carl 
Zeiss Meditec AG, Jena, Germany) while the patient was in 
a seated position and transferred to the Callisto eye system, 
which was connected to an Opmi Lumera 700 microscope 
(Carl Zeiss Meditec AG, Jena, Germany). During toric IOL 

positioning, these reference images were matched with live 
stream images from the Opmi Lumera 700 and horizontal 
and steep axes were determined with the Z Align function.

Surgical Technique 
All of the surgeries were performed by a single experienced 
phaco surgeon (K.B.) under topical anesthesia using a 2.2 mm 
temporal clear corneal incision. Following injection of an oph-
thalmic viscosurgical device (OVD), capsulorhexis, phacoemul-
sification, and irrigation/aspiration of cortical material were 
performed. The OVD was injected into the capsular bag and 
a monofocal hydrophobic toric IOL (AcrySof IQ SN6AT3-T9; 
Alcon Laboratories, Ft. Worth, TX, USA) was implanted in 
the capsular bag and positioned at the determined axis using 
the Callisto eye system. The OVD was then removed from the 
anterior chamber and behind the IOL. Postoperative topical 
medications applied were dexamethasone 0.1% 4x, nepafenac 
0.1% 4x, and moxifloxacin 0.5% 4x for 1 month.

Postoperative Assessment
At postoperative day 1, in order to analyze the accuracy 
of the Callisto eye system, the pupil was fully dilated with 
topical tropicamide and epinephrine. A slit-lamp examina-
tion was conducted while the patients were asked to look 
straight ahead. A thin slit was centered and rotated until it 
overlapped with the marker on the toric IOL. It was ensured 
that the operated and non-operated eyes were on the same 
level. The angle of this thin slit was measured accurately with 
a smartphone axis calculator application.

Results

Sixty eyes of 46 patients (20 male, 26 female) were included 
in the study. The mean age of the patients was 56±16.4 years 
(range: 32-72 years). The mean IOL power was 20.1±7.4D 
(range: 10.0-28.0D) and the mean corneal astigmatism was 
2.4±1.4D (range: 1.50-4.50D). With-the-rule astigmatism (at 
90±30°) was observed in 30 patients, against-the-rule astig-
matism (at 180±30°) in 24 patients, and oblique astigmatism 
(at 30-60° and 120-150° degrees) in 6 patients.

The mean postoperative astigmatism was 0.56±0.16D. 
The mean absolute disparity between the target toric IOL 
axis and the implanted toric IOL axis was 2.71±1.64° (range: 
-8-6°). A Bland-Altman plot in Figure 2 illustrates the differ-
ence between the target axis and the implanted toric IOL 
axis. Clockwise rotation (CWR) was recorded as a positive 
value and counterclockwise rotation (CCWR) was recorded 
as a negative value. CWR was observed in 29 patients (mean: 
2.82±1.36°), CCWR in 26 patients (3.11±1.63°), and no ro-
tation was seen in 5 patients. A difference in the absolute 
angle of ≤1.0° was recorded in 16 (26.6%) eyes, ≤2° in 28 
(46.6%) eyes, ≤3° in 37 eyes, ≤4° in 55 eyes, and ≥5° in 5 
eyes (range: 5 to -8°).

Figure 1. Matching angle overlay of the limbal vessel with the results 
of the Callisto eye system (Carl Zeiss Meditec AG, Jena, Germany). The 
3 blue lines are the Z align results.
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Discussion

Positioning of the toric IOL on the correct axis is very im-
portant since it has been established that a deviation of 3° 
from the intended axis could cause a 9.05% decrease in astig-
matic correction (4). Several techniques have been devel-
oped to ensure the best possible positioning, such as manual 
marking, iris registration, wavefront aberrometry, and image-
guided systems (5–7).

This study was an evaluation of the effectiveness of the 
Callisto eye image-guided system. Preoperative image reg-
istration was performed with an IOLMaster 700 biometer 
while the patient was in a seated position. This device ap-
proved the images automatically only if they were of high 
quality. Therefore, the registration of images was not prone 
to human error.

In several studies, the effectiveness of automatic comput-
er-based systems both for toric IOL alignment and postop-
erative toric IOL alignment has been investigated. Solomon 
et al. (8) assessed the Callisto eye system in comparison 
with intraoperative aberrometry. They found that Callisto 
eye yielded less remaining refractive astigmatism. In another 
study, Carey et al. (9) compared the effectiveness of slit-
lamp slit (3.1±1.6°) with a refractive power/corneal analyzer 
system (2.7±2.0°) for postoperative toric IOL angle mea-
surement and found that the 2 methods were equally effec-
tive. Elhofi and Helaly (10) compared the effectiveness of 
the manual marking technique (4.33±2.72°) with the Verion 
Image-Guided System (Alcon Laboratories, Ft. Worth, TX, 
USA) (2.4±1.96°) and found the 2 techniques to be equally 
effective. In a similar article, Montes de Oca et al. (11) eval-
uated and compared manual marking (2.88±2.18°) with the 
computer-guided TrueVision 3D Visualization and Guidance 

System (Truevision Systems, Goleta, CA, USA) (2.96±2.54°) 
and found similar accuracy in toric IOL positioning. Webers 
et al. (12) found that both the Verion Image-Guided System 
(Alcon Laboratories, Ft. Worth, TX, USA) (1.3±1.6°) and 
the manual marking technique (2.8±1.8°) were similarly ef-
fective. Woodcock et al. (13) compared intraoperative aber-
rometry with the manual technique and found less refractive 
astigmatism in the intraoperative aberrometry group. The 
results of our study were similar. We found that there was a 
2.71±1.64° absolute angle difference between the toric IOL 
axis and the target axis at postoperative day 1. Based on our 
findings and previous reports (8–13), it can be concluded 
that computer-based systems are trustworthy.

There are some limitations to our study. First, this was 
a retrospective study with a limited number of patients. 
Prospective research with a larger number of patients may 
provide useful data. Second, because this was designed as 
an evaluation study, we did not have a control group. In a 
future study, we plan to compare the manual technique with 
the Callisto eye system. Third, we evaluated the position of 
the toric IOL at postoperative day 1. Long-term assessment 
of the toric IOL may give us valuable information about IOL 
rotation.

Conclusion

In conclusion, our results demonstrated that the Callisto eye 
system enabled precise positioning of the toric IOL on the 
intended axis. This system is easy to use but has a steep 
learning curve. Further prospective studies of larger patient 
groups are needed to support this study.
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Figure 2. Bland-Altman plot: Target axis versus implanted toric intra-
ocular lens axis.
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