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Several factors point to a potentially precipitous rise in the need for cataract 

surgery in the near future: population growth, increased awareness of 

and demand for excellent unaided vision, and the collateral benefits of 

improved vision after surgery. In 2015, there were approximately 900 

million individuals older than 60 years worldwide and about 20 million 

cataract surgeries performed annually.1,2

These demographic factors exist against a backdrop of heightened patient 

expectations for refractive results from cataract surgery. Older individuals 

are leading increasingly active lifestyles and will require greater functional 

vision to meet their lifestyle demands. Owing in part to the technological 

advances in intraocular lens (IOL) design, patients are enjoying a level of 

unaided visual function postoperatively that may be superior to that ever 

before experienced preoperatively. Cataract surgery benefits patients 

beyond improved vision, including a decrease in falls and improvements 

in general physical, cognitive, and emotional wellbeing.3

In the US, femtosecond laser technology during cataract surgery is 

approved to create corneal incisions, perform the capsulotomy, and 

fragment the lens.4,5 LCS has gained acceptance largely due to its perceived 

benefits compared to manual techniques: greater precision in the surgical 

steps and increased consistency. Published studies indicate LCS may be 

associated with greater accuracy of IOL power calculations, leading to 

greater predictability in refractive outcomes due to precise capsulotomy 

sizing and centering of the IOL.6,7

In addition to the growing body of literature that suggests LCS has 

certain advantages over manual techniques, several published studies 

highlight important differences among the commercially available laser 

platforms. This review discusses state-of-the-art LCS technologies, 

how they differ from manual techniques and between platforms, and 

how this growing sector of LCS will continue to meet the demands of 

cataract surgery.

Laser Cataract Surgery—Defining the Principle
There are five femtosecond laser platforms approved for use during 

cataract surgery: LenSx® Laser (Alcon); Catalys* (AMO); LENSAR* (LENSAR 

Inc); Victus* (Bausch & Lomb); and FEMTO LDV Z8* (Ziemer Ophthalmic 

Systems AG). Each platform incorporates anterior segment imaging, a 

patient interface (PI), and a femtosecond laser. 

Key differentiating factors, particularly in the interface systems and 

fixed or variable aperture designs, have implications in surgical 

performance. Some platforms use a liquid optic interface while others 

use a soft hydrogel interface, which have differences in fixating the 

eye during the procedure. Also, some have a fixed bed with a fixed 
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gantry relative to others that have a movable gantry with no fixed bed 

required. The LenSx®  Laser offers the benefit of a gurney rather than 

a fixed bed.

Identifying anatomic landmarks with anterior segment imaging is a 

critical component of LCS to ensure proper placement of the anterior 

capsular opening. The LenSx® Laser, Catalys* and Victus* systems use 

high-definition optical coherence tomography (HD OCT), while LENSAR* 

uses Scheimpflug imaging technology. 

Laser Platform Interface
The PI design is a critical differentiating factor in the various platforms. 

The laser platforms utilize either a contact or non-contact PI. The Catalys* 

and LENSAR* feature a non-contact liquid optical interface (LOI), the 

Victus* has a curved PI that is non-contact during the capsulotomy and 

fragmentation portions of the surgery but contact for corneal work, and the 

LenSx® Laser uses a SoftFitTM PI, a curved hydrogel contact lens interface 

(CCL) first introduced in 2012. SoftFitTM PI uses a soft contact lens insert 

at the interface to minimize corneal compression. It may offer greater 

globe stability against pulsatile and ocular movements relative to non-

contact interfaces, which may result in more consistent laser patterns and 

smoother morphology at the capsulotomy edge, compared to the Catalys* 

and Victus* systems.8 The fixation and stability of the eye with the SoftFitTM 

PI contributes to the LenSx® Laser’s ability to do high-quality, complex 

corneal work, while also being able to accurately and effectively perform 

capsulotomies and lens fragmentation.

A LOI uses a liquid layer between the cornea and optical window of the 

laser to reduce corneal deformation. Coupling of the LOI to the eye is 

achieved using a suction ring outside the limbus.9 LOI use also requires 

the precise identification of the anterior corneal surface via sophisticated 

imaging techniques.

Intraoperative Uses
Corneal Incisions
Poor architecture of the main clear corneal incision (CCI) is a primary 

factor leading to surgically induced astigmatism (SIA), which can 

have consequences for post-surgical vision.10 The importance of such 

consequences may be magnified when implanting a multifocal or toric 

IOL. A cadaver eye study showed that cataract incisions made with a 

femtosecond laser were reproducible and stable, and were less likely to 

leak or become deformed during intraoperative maneuvers as compared 

to manual incisions.11 Mastropasqua et al. found laser CCIs improved 

relative to manual CCIs, as measured by endothelial and epithelial gaping 

and misalignment. There was also a decrease in central endothelial cell 

loss.10 A study by Mayer showed significantly less endothelial cell loss 

with LenSx® Laser cases compared to manual phacoemulsification. 

Overall, published data demonstrate improved incision quality and  

less endothelial cell loss during cataract surgeries when the LenSx® 

Laser is used.

Arcuate Corneal Incisions 
The degree of precision, control, and reproducibility of laser arcuate 

incisions cannot be matched with manual techniques. The arcuate 

incisions made by the LenSx® Laser are customizable and can be created 

to an exact 80% depth. 

Capsulotomy
IOL alignment with the visual axis is important to achieve the targeted 

refractive outcome. Holladay et al. found that an aspheric IOL that is 

decentered more than 0.4 mm and/or tilted 5° off axis may yield unwanted 

visual consequences and less-than-desired performance.12,13 IOL tilt 

and decentration can negatively impact image quality and may induce 

higher-order aberrations (HOAs).13–15 A well-constructed capsulotomy is 

paramount in minimizing IOL decentration and tilt. Kranitz et al. noted that 

use of laser to perform the capsulotomy yielded significant improvements 

in vertical tilt, horizontal decentration, and total decentration. In the study, 

no patients in the laser group had vertical or horizontal tilt greater than 5° 

or horizontal or vertical decentration greater than 0.4 mm, whereas, the 

manual group had significantly higher rates of vertical tilt greater than 5° 

(p=0.008 compared to laser) and significantly higher rates of horizontal 

decentration greater than 0.4 mm (p=0.036 compared with laser).13

Photodisruption has been introduced as a mechanism to achieve a 

reproducible and predictably sized and centered capsulotomy.5,16 Porcine 

models have shown that laser capsulotomies are more precise and 

accurate, reproducible, and stronger compared with a manually cut 

capsulorhexis.17 A study by Kranitz et al. showed using the LenSx® Laser 

to perform the capsulotomy yielded significantly improved overlap of the 

capsulotomy and the IOL optic and enabled significantly greater circularity 

compared to manual techniques.16 In this study, horizontal decentration 

was >0.4 mm at one week, one month, and one year after surgery in 

four, three, and five eyes, respectively, in the manual group, and none at 

all time points in the femtosecond laser group.16 The authors concluded 

IOL decentration was six times more likely in the manual versus laser 

group.16 A subsequent study by the same group demonstrated that IOL 

decentration correlated with changes in manifest refraction at one month 

and one year after surgery and that capsulotomies created with the 

LenSx® Laser yielded a more stable refractive outcome.13

Bala et al. used electron microscopy to analyze the edge characteristics of 

capsulorhexes cut with manual techniques compared with capsulotomies 

performed with two generations of the LenSx® Laser platform (LenSx® Laser 

pre-SoftFitTM PI version 2.16 and LenSx® Laser post-SoftFitTM PI version 2.20), 

two generations of the Victus* platform (Victus I version 2.5 and Victus 

II version 2.7SP2), and Catalys* (version 2.15.13). The LenSx® Laser post-

SoftFitTM PI produced the fewest edge anomalies and the highest degree 

of reproducibility in performing the capsulotomy relative to Catalys* 

and Victus*.8 Every platform, except the LenSx® Laser post-SoftFitTM PI, 

generated statistically significantly less homogeneous capsulotomies as 

compared to manually created capsulotomies.8 Regression analysis found 

the homogeneity of capsulotomies performed with the LenSx® Laser post-

SoftFitTM PI platform to be similar to those created manually. Furthermore, 

“several capsules generated by Catalys* and Victus* II showed tracks of 

pulses that appeared to have been misdirected inside the capsulotomy. 

These were not seen with the other laser platforms.”8 The SoftFitTM PI in the 

later generation of the LenSx® Laser platform was thought to have caused 

less deformity and unimpeded laser transmission.8 The SoftFitTM PI, combined 

with the LenSx® Laser device’s proprietary variable numeric aperture, may 

help control for pulsatile eye movements as compared to a LOI.8

Roberts et al. reported on anterior capsule integrity of 3,355 cataract and 

refractive lens exchange cases performed in their institution, of which 
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734 cases were operated using a curved, rigid interface and 2,621 with 

the LenSx® Laser SoftFitTM PI.18 A break in the capsule rim was identified 

in seven cases (0.21%), occurring during phacoemulsification in six eyes 

and during irrigation/aspiration in one eye. Of note, five of the anterior 

capsule tears occurred in cases in which the curved, rigid interface 

was used and only two in which the SoftFitTM PI was used (p=0.007). 

In studies, the LenSx Laser has demostrated free-floating capsulotomy 

rates in nearly 100% of cases.

Lens Fragmentation
During femtosecond laser lens fragmentation, a beam spot size of less 

than 6 μm is used to generate plasma in the ocular tissue.19 This plasma, 

containing free electrons and ionized molecules, expands to cause a 

cavitation and formation of a bubble that expands and contracts to cause 

tissue separation,4,19 thereby reducing the amount of phacoemulsification 

energy delivered compared with manual techniques. Reduction of 

ultrasound energy has been associated with a reduced risk for lens capsule 

complications and corneal endothelial injury.5,20–22 In a study on ex vivo porcine 

eyes, phacoemulsification with femtosecond laser phacofragmentation 

resulted in significant reductions in phacoemulsification power and time 

(51 and 43%, respectively) compared with phacoemulsification alone 

(p≤0.001 for both comparisons).5 In the same study, these procedures were 

performed in an initial series of nine patients undergoing cataract surgery. 

Femtosecond laser capsulotomies and phacofragmentation demonstrated 

similarly high levels of accuracy and effectiveness, with no operative 

complications. Cumulative dissipated energy and total phacoemulsification 

time were also lower with laser CCI, which may reduce thermal injury at 

the incision site.10

Mayer et al. reported lower phacoemulsification time, fluid and energy 

among eyes operated with laser versus manual techniques, as well as 

significantly lower reduction in mean endothelial cell loss with laser (mean 

114.90 ± 87.90 cells/mm2) versus manual (mean 173 ± 111.16 cells/mm2).23  

A complete anterior capsulotomy was achieved in all eyes and 

there were no anterior capsule tears, posterior capsule ruptures, or 

phacoemulsification burns or bites in either group, the authors noted 

that previous studies have shown an association between lower 

phacoemulsification energy during cataract surgery and reduced 

postoperative corneal edema and endothelial cell loss, which may 

be important in patients with pre-existing corneal endothelial cell 

dysfunction, such as Fuchs’ endothelial dystrophy.

My preferred routine pattern utilizes three chops that divide the lens 

nucleus into six segments, allowing efficient removal of the nucleus 

without leaving a posterior nuclear plate that can be difficult to safely 

remove. The LenSx® Laser also has the ability to produce cylinder and 

grid/cube patterns that can be widely customized.

Complicated Cases
LCS has been studied in a number of complicated cataract scenarios, 

including intumescent white cataracts, traumatic cataracts, and eyes 

with concomitant phacomorphic glaucoma.22,24–26 

One particular complicated patient type is the posterior pole cataract 

patient. In a retrospective chart review study, Vasavada et al. described 

a lens fragmentation technique creating concentric circles before 

aspiration in eyes with posterior polar cataracts.27 Conventional 

hydrodelineation, referenced in that study, includes a risk for inadvertent 

cortical cleaving that does not present when using the femtosecond laser. 

Femtodelineation was shown to help avoid vertical pressure that may 

result from injecting liquid, thus mitigating the risk of posterior capsule 

blowout. Vasavada et al. reported posterior capsule rupture in two of 

45 (4.4%) eyes with posterior polar cataracts;27 previous studies using 

manual hydrodelineation reported posterior capsule rupture as high as 

26 to 36% in these types of cases.27–31

Outcomes
Compared to manual techniques, LCS provides improved lens position along 

the visual axis, which is attributed to the technology’s ability to perform a 

consistently centered, repeatable, and predictable capsulotomy.5,13,16,17,32 

LCS delivers improved predictability of refractive results.7,20,33

Filkorn et al. reported on 77 eyes treated with the LenSx® Laser and 57 eyes 

treated with manual techniques: 41.6 and 68.8% of the LCS group were 

within ±0.25 D and ±0.50 D of target refraction postoperatively, respectively, 

compared to 28.1 and 46.9% in the manual group, respectively.7 A 

greater percentage of patients were ±0.50 SD in the LenSx® Laser group. 

Further, the mean absolute error (MAE), a measure of predictability,  

was lower in the LenSx® Laser group. 

The ability to create an accurate and reproducible capsulotomy 

may significantly impact the visual outcome. Kranitz et al. reported 

significantly worse corrected distance visual acuity at one month in eyes 

operated with manual versus laser techniques, which they attributed to 

the possible inducement of higher-order aberrations secondary to lens 

tilt in the manual group that could not be corrected with spectacles.13 

The authors noted that IOL decentration correlated with changes in 

manifest refraction at one month and one year after surgery and that 

capsulotomies created with the LenSx® Laser yielded a more stable 

refractive outcome. 

Safety Data
Compared to manual techniques, using the femtosecond laser 

for portions of the surgical procedure may help reduce the risk of 

intraoperative complications. I have found the OCT imaging useful 

in revealing lens thickness. When handing the phacoemulsification 

handpiece, the surgical technician reminds me whether the lens is 

thicker or thinner than normal, which allows me to better judge how 

deep I can safely work on the nucleus for chopping. Numerous studies 

have shown reduced endothelial cell loss and reduced postoperative 

inflammation with LCS.20,34,35

Roberts et al. reported on 3,355 cases operated at their facility using 

LenSx® Laser (734 with a rigid interface and 2,621 with the SoftFit PI).18 The 

authors reported an overall complication rate of 0.21%, which compared 

favorably to the 0.31% complication rate noted in their earlier study. It 

should also be noted that in four of these cases, IOL implantation was 

still achievable: and two in which sulcus IOL implantation was safely 

performed in eyes in which the tear extended to the posterior capsule; 

and two in which in-the-bag implantation was successfully performed in 

eyes in which the tear extended to the equator without posterior capsule 

involvement or vitreous loss. The rates of anterior capsule tear, posterior 
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capsule tear (with or without vitreous loss), and posterior lens dislocation 

were all significantly lower after LenSx® Laser LCS than rates reported for 

similar events among recipients of manual surgery.6  

After implementing the SoftFitTM PI, anterior capsule tear was reduced to 

two of 2,621 cases (0.07%).18 Abell et al. reported a 1.9% anterior capsule 

tear rate when using the Catalys*, which was higher than manual.36  

Published reports also indicate LCS use contributes to a reduction in 

complications during training cases by both residents and fellows.37 

Reductions in total ultrasound, phacoemulsification, torsional, and 

aspiration times compared with manual techniques may be particularly 

important in this setting, as training surgeon cases have historically 

been associated with high complication rates.37 In published studies, risk 

of inducing an anterior capsule tear has been most closely associated 

with lack of surgeon experience, evidenced by lower rates among more 

experienced surgeons.38 

Postoperative Inflammation
Phacoemulsification energy, a potential source of postoperative 

inflammation that can manifest as iritis, corneal edema, increased cell 

and flare, and hyperalgesia or pain, is reduced with LCS.5,20,21,34,39 It has 

been suggested that LCS may be advantageous as it may help mitigate 

the physiologic changes (including anterior segment inflammation as 

measured via laser flare photometer).34

Surgical Efficiency
The LenSx® Laser typically performs a surgical time under two minutes 

(direct suction time). Other systems may take more total suction time, 

depending on both platform and programmed degree of lens softening.19,40 

Of the LCS platforms, only LenSx® Laser offers a single-piece PI without the 

need for water. The interface gently makes contact rather than first fitting a 

suction ring directly onto the patient’s eye followed by docking the patient 

up to the laser objective head.40 

Some platforms possess a fixed bed, which can help stabilize the head 

during image capture and treatment, but brings with it the necessity of 

moving a patient to another bed for the remainder of the surgery.19

Future Directions
The growing body of evidence on the use of LCS is consistently showing 

certain advantages over manual techniques, while noting differences 

among the platforms.6,7,13,18,19,32,36,41 Reported complication rates are 

low and may be platform-related rather than category-dependent. 

Innovation in the surgical platform technology is ongoing. Generational 

improvements in software and hardware have already produced 

additional laser patterns, auto pre-positioning, speed and improvements 

in the PI, the latter of which confers greater control of the globe and 

more precise laser delivery. I continue to believe this technology delivers 

greatly now and even has the potential to deliver more moving forward. 

I am equally certain the growing body of literature confirms this belief. ■
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