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O R I G I N A L  A R T I C L E

emtosecond laser technology has been widely used 
in recent years, especially in corneal surgery. The 
fi rst use in corneal fl ap creation in LASIK was re-

ported in 2003.1 The technique was fi rst described by Kurtz 
et al.2, and later Vogel3 and Juhasz4 contributed. 

In recent years, femtosecond laser technology has been in-
troduced for cataract surgery.5-11 We report the results of an-
terior segment imaging immediately after femtosecond laser 
treatment of the lens and the cornea during cataract surgery, 
with special regard to morphological changes observed with-
in the crystalline lens and in the cornea. 

PATIENTS AND METHODS 
Forty eyes of 40 patients with cataract were included in 

this study. Cataract grade was assessed by the Lens Opaci-
ties Classifi cation System III (LOCS III) grading system. All 
eyes were between LOCS 2.0 and 4.0. Exclusion criteria were 
dilated pupil size less than 6 mm, corneal scars, lens sublux-
ation, previous eye surgery, and very hard (more than LOCS 
4.0) or mature cataract. 

Patients gave their informed consent to the femtosecond 
laser procedure and the study was approved by the Ethical 
Committee of the University (Semmelweis University, Buda-
pest) and the Regional Ethical Committee. Surgery was per-
formed as detailed elsewhere.7 In brief, all operations were 
performed under topical anesthesia (proparacaine hydrochlo-
ride 0.5%) by the same surgeon (ZZN). The LenSx femtosec-
ond laser system (Alcon LenSx Lasers Inc., Aliso Viejo, CA) 
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RESULTS: The preoperatively set treatment parameters 
correlated well with the achieved results. For the capsu-
lorhexis, the femtosecond laser cut was programmed to 
start 350 µm behind the anterior lens capsule and OCT 
measured 377 ± 55.3 µm. Nucleus fragmentation was 
programmed to start 750 µm in front of the posterior 
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able to detect the tissue changes within the lens after 
femtosecond laser capsulorhexis and nucleus fragmen-
tation. The measured values correlated well with the 
planned treatment parameters. 
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was used to generate a 4.5-mm capsulotomy, nucleus 
fragmentation in a cross-pattern with a diameter of 4.5 
mm, and two corneal incisions (a 2.8-mm two-plane 
main incision and a 1.0-mm single-plane side port in-
cision). The capsulotomy laser-cut was programmed to 
start 350 μm below the anterior lens capsule and end 
100 μm above the anterior capsule. The nucleus frag-
mentation was programmed to start 750 μm in front of 
the posterior capsule and to end 550 μm behind the 
anterior capsule. 

In all treated eyes, anterior segment imaging was 
performed using optical coherence tomography (OCT) 
(Visante OCT; Zeiss Meditec AG, Jena, Germany) im-
mediately after the femtosecond laser procedure. 
Anterior segment single and high-resolution corneal 
programs were used for imaging the anterior segment, 
including the anterior capsule, lens material, and cor-
nea. The Visante software was used to measure the di-
mensions of the laser-treated area behind the anterior 

capsule for the capsulorhexis creations, and the dis-
tances of the nucleus fragmentation from the anterior 
and posterior capsule during nucleus fragmentation. 
The shape and position of the corneal laser incisions 
were also analyzed. 

RESULTS 
An intact, round, and complete capsulorhexis was 

achieved in all eyes. During capsulorhexis creation, 
carbon dioxide bubbles appeared in the anterior cham-
ber (Figure 1).12 The laser pulses started at a distance 
of 377 ± 55 μm behind the anterior capsule, as mea-
sured with the Visante OCT (Figure 2). The diameter 
of capsulorhexis was 4.54 ± 0.2 mm after femtosecond 
laser treatment (Figure 3). 

In all eyes, the cross-pattern fragmentation lines 
within the lens nucleus were visible in the OCT im-
age. The laser pulses created two vertical planes with-
in the lens, which were perpendicular to each other. 
In 22 eyes (45%), an additional horizontal plane was 
formed within the lens (Figure 4). This horizontal 
layer was most likely caused by the carbon dioxide 
bubbles12 formed within the nucleus during the la-
ser treatment. The femtosecond laser fragmentation 
planes extended between 568 ± 147 μm behind the 
anterior capsule and 794 ± 111 μm from the posterior 
capsule. 

The two corneal incisions (2.8-mm main incision 
and 1.0-mm side port) were both programmed to be 1.8 
mm in length. The measured values (OCT) were simi-

Figure 1. Carbon dioxide bubbles attached to the corneal endothelium 
(Visante OCT; Zeiss Meditec AG, Jena, Germany).

Figure 2. Laser-created continuous curvilinear capsulotomy. In the 
lower part, the complete capsulorhexis can be seen (Visante OCT; Zeiss 
Meditec AG, Jena, Germany). 

Figure 3. Laser capsulotomy within the anterior capsule (Visante OCT; 
Zeiss Meditec AG, Jena, Germany).

Figure 4. Dissection plane of the femtosecond laser within the lens 
nucleus (Visante OCT; Zeiss Meditec AG, Jena, Germany).

Figure 5. Self-sealing corneal wound created with the femtosecond 
laser (Visante OCT; Zeiss Meditec AG, Jena, Germany).
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lar at 1.84 ± 0.12 mm (Figure 5). The planned width of 
the incisions was 2.8 mm, whereas the postoperative 
value was 2.71 ± 0.11 mm.

DISCUSSION 
To our knowledge, this is the fi rst report on ante-

rior segment imaging immediately after femtosecond 
laser application for cataract surgery. Femtosecond la-
sers were fi rst used to produce anterior circular capsu-
lorhexis and phacofragmentation procedures in porcine 
eyes by Nagy et al.5 

Initial results demonstrated a higher precision of 
the laser capsulotomy than a manual capsulorhexis 
both in porcine eyes5 and clinically.6,7

The femtosecond laser system used in our study 
uses a built-in OCT to measure the dimensions of 
the anterior segment, namely the cornea, the ante-
rior and posterior lens capsule, and the nucleus. 
The laser treatment is planned and performed based 
on these measurements. In this study, we evaluat-
ed the actual treatment location using another an-
terior segment OCT system immediately after laser 
treatment and compared the measured values to the 
planned values. We found that the preoperatively 
set laser treatment parameters correlated well with 
the achieved results. This indicates that the built-
in OCT system is reliable in measuring the anterior 
segment and in guiding the laser treatment in laser 
refractive cataract surgery. 
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