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Femtosecond Laser Cataract Surgery: An Experience From
Australia

Michael Lawless, MBBS, FRANZCO, FRACS* and Christopher Hodge, BAppSc(Orth)*Þ

Abstract: Cataract surgery remains the most widely performed intra-
ocular procedure throughout the world. Safety and accuracy of the pro-
cedure are paramount and techniques should remain under constant
review. Recently, the introduction of the femtosecond laser to assist
cataract surgery has provided ophthalmologists with an exciting tool that
may further improve outcomes. We review the existing literature, discuss
the potential implications for a variety of stakeholders and discuss our
initial experience with the femtosecond laser.
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C ataract surgery is the most widely performed intraocular
procedure, and techniques are under constant review.1,2

Patient expectations have changed as techniques have evolved
with an increasing emphasis on precise refractive results as well
as safety outcomes.

It is estimated that 19.5 million cataract procedures will
be performed worldwide in 2011,3 of which 210,000 will be
completed in Australia. Any possible improvement to the safety
and accuracy of cataract surgery is to be welcomed, but also
scrutinized. To make a good procedure better is difficult, and
to prove that it is better is very difficult.

In this perspective, we analyze the implications for a variety
of stakeholders and also demonstrate the lessons we have learned
since the installation of our device in Sydney in April 2011.

THE IMPLICATIONS OF LASER REFRACTIVE
CATARACT SURGERY

Femtosecond lasers have been used in ophthalmic surgery
since 2001.4Y8 The reported benefits of femtosecond cataract
surgery include greater precision of the capsulorrhexis and re-
duced ultrasound power used during phacoemulsification.9Y11

Femtosecond laserYcreated anterior capsulotomies have also
been reported to be more precise and well centered compared
with manual surgery, possibly improving intraocular lens (IOL)
centration.12,13

In conventional cataract surgery, the incidence of anterior
capsular tears can range from 0.79% in very experienced hands14

to 3.8% in the general ophthalmic community.15 In the study by
Marques et al,14 40% of anterior capsular tears extended to the

posterior capsule, and 20% required a vitrectomy. This would
equate to approximately 320 vitrectomies per year in Australia
(0.16% of the total cases), and in the United States 5440 vit-
rectomies annually. This is a best case analysis with experienced
surgeons with the real-world figure likely to be significantly
higher. Unal et al16 have published an analysis of resident cat-
aract surgery in the United States within teaching institutions
and shown an anterior capsular tear rate of 5.3%; irregular
capsulotomy, 9.3%; and posterior tear with vitreous loss, 6.6%.
Although an irregular capsulotomy may not directly lead to
further complications, clinically it may lead to a reduction in
the refractive and visual results due to possible optical decen-
tration and lens tilt.13

Anterior capsular tears are not an insignificant problem.
They lead to prolonged surgery, and a possible cascading list
of complications can result, including posterior extension of
the tear, retained soft lens matter requiring removal, persistent
uveitis, cystoid macular edema, and secondary retinal detach-
ment. Hatch et al17 have shown that the rate of endophthal-
mitis is significantly higher in cases with capsular rupture.
Capsular rupture cases were 9.56 times more likely to develop
endophthalmitis than uncomplicated cataract surgery patients.
Bhagwandien et al18 suggest that the relationship is even higher
at 16 times more likely to develop infective endophthalmitis
if capsular rupture occurs.

If laser-based surgery can result in a reproducibly round,
centered, and intact anterior capsule, this would be a signifi-
cant advance for both individual patients and for the society.

Endophthalmitis is potentially the most serious compli-
cation of cataract surgery. In longitudinal studies in various
developed countries, the risk is rated between 0.06% and
0.39%.19Y22 A systematic review of pooled data puts the aver-
age rate of endophthalmitis at 0.128%.23 There are clinical
sequelae from this but also financial implications. The addi-
tional cost of treating endophthalmitis including hospital stay
has been calculated at €3688 in a European study.24 This does
not include costs to society such as loss of productivity for
patients and carers. The hope is that the precision of a laser-
produced incision, which can be tailored to a particular length
and shape, will result in more secure wounds in the immediate
postoperative period and a reduction in endophthalmitis. This
will require a large amount of data to confirm.

The Blue Mountains Eye Study by Kanthan et al25 showed
that at 10 years 23% of eyes had presenting visual acuity of
less than 20/40 after cataract surgery. Uncorrected refractive
error accounted for 66% of these eyes. Norrby26 suggests the
largest error relating to IOL calculations remains the estima-
tion of the postoperative IOL position. If the wound can be more
precisely created and the capsulotomy made round and centered
with a reduced variability of effective lens position postopera-
tively, then this should improve refractive outcomes. This may
have additional benefits in cases where premium IOLs are used.
A consistent capsulotomy of 5.5 mm could be beneficial in
allowing IOLs the full range of movement, providing the po-
tential optimum environment for effect. Furthermore, by being
able to place the capsulotomy in the center of the entrance
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pupil, it may provide better optical quality in diffractive IOLs,
leaving the patient with less potential photic phenomenon. Re-
search will confirm the validity of these comments.

Nagy et al9 confirmed that femtosecond-assisted cataract
surgery will significantly reduce the effective phacoemulsifica-
tion time and power compared with routine surgery. The clini-
cal effect of phacoemulsification time and total energy on the
cornea and retina appears to be unresolved. Several authors have
shown a relationship between longer effective phacoemulsifi-
cation time and an increase in endothelial cell loss and corneal
thickness.27,28 Further research has resolved no differences.29Y31

The effect of phacoemulsification time and power on the retina
is similarly confounding. Ferrari et al32 found that energy levels
greater than 1 J led to a higher incidence of breakdown in the
blood-retinal barrier suggestive of a greater risk of cystoid
macular edema. von Jagow et al,33 however, described no cor-
relation between an increase in macula thickness following
surgery and phacoemulsification parameters. This was sup-
ported by Georgopoulos et al,34 who describe similar results,
although increased intraoperative parameters did exhibit a rela-
tionship with postoperative visual acuity. Research therefore
suggests that multiple factors contribute to these potential com-
plications; however, it makes intuitive sense that by reducing the
time and energy parameters there may be less change intraocu-
larly. Further studies will confirm the clinical significance of the
reduction in these intraoperative parameters.

STAKEHOLDERS
Laser refractive cataract surgery should enable the sur-

geon to perform the incisions, capsulotomy, and nucleus re-
moval with greater safety, reproducibility, and precision. This
means that every patient, relative, and surgeon will be interested
in this technology.

Patients and Their Relatives
Patients are correct to question whether the laser-based

approach should be taken and if there are additional benefits
to this procedure. The evidence is not yet clear. For example, if
we quote the anterior capsular tear rate of a middle range of
2%, this can probably either be eliminated or reduced to less
than 0.2%, so a patient can be told that the tear rate for him/her
will go from approximately 2 of a 100 to about 1 in 500. With
better quality and more secure incisions, the endophthalmitis
rate may be significantly reduced from 0.128%. Both sce-
narios would resonate with an individual patient.

Patients need to weigh up the cost and availability. With a
fairly slow, controlled rollout of devices, there will be regional
shortages, so the costs to an individual patient or family to have
it done are due not just to the approximately 33% increase in
the surgical fee, but also the costs of travel and accommoda-
tion. Our experience in Australia, where there are large dis-
tances, is that some patients are traveling interstate and from
rural areas to avail themselves of the technology, but the ma-
jority are not. Most are seeking the advice of their local oph-
thalmologist, and either proceeding with conventional surgery
or waiting until the technology is available in their area.

Surgeons
Surgeons will have many questions ranging from extreme

skepticism that this can provide any benefit, to perhaps an
anxious desire to have the first device in their region either
because of interest in the technology or because of fear of pos-
sible competition eroding their surgical base. A skeptical view

of the technology at this stage is not unreasonable. Ophthal-
mologists are naturally asking for proof of the claims. So what
can we say that is backed up by the peer-reviewed literature?

Nagy et al9 in 2009 demonstrated that in porcine eyes the
capsulotomy diameter is more precise and more round than
with a manual technique, and the chance of achieving a capsu-
lotomy diameter within 0.25% of intended was 100% in the
capsulotomy group and 10% in manual hands. This is echoed
more recently by Kránitz et al13 and Tackman et al,35 who de-
scribe similar findings. Palanker et al10 showed a mean circu-
larity of 0.942 in 29 lasered eyes compared with 0.774 in 30
manual eyes, and a 12-fold improvement in the precision of
the capsulotomy diameter. Friedman et al11 demonstrated that
the deviation from intended diameter was 29 T 26 Km for laser
capsulotomies and 337 T 258 Km for a manual technique with
a mean deviation from circularity of 6% and 20%, respectively.

Both Nagy et al9 and Friedman et al11 showed that capsu-
lar strength is as good or greater than a manual capsulorrhexis,
and the smoothness of the capsulotomy edge is similar to man-
ual. These benefits coexist with an approximately 50% reduc-
tion in average phaco power and effective phaco time because
of the femtosecond phaco fragmentation. These are small
studies, and some surgeons will sit back and wait for more data.

Surgeons will also be worried about the transition. Cataract
surgery currently is very familiar to them and relatively a low-
stress, fast, efficient surgery. Our introduction of the technology
here in Sydney has demonstrated that this makes the procedure
slower and more difficult for the surgeon. There is a learning
curve, which can be minimized but not eliminated.

Surgeons will also be anxious to know whether their sur-
gical volume will increase or decrease. Simply put, if surgery
can be conclusively shown to be safer and more accurate, more
patients will avail themselves of the surgery over time with an
overall increase in volume. Not all surgeons may share in this
increase. There has been a trend in recent years for a smaller
number of surgeons to perform a greater percentage of cata-
ract surgery. Laser refractive cataract surgery may exacerbate
this trend. There probably needs to be a minimum number of
cases performed in a day-surgery unit or hospital to justify the
introduction of the technology. This number will vary between
countries. It, however, must lead to a concentration of surgery
within a smaller number of units.

Surgeons would also like to know what the technology
choices are. There are 4 currently available systems. As of late
2011, the LenSx laser (Alcon, Fort Worth, Tex) remains the
only laser with US Food and Drug Administration (FDA) ap-
proval for all aspects of cataract assisted surgery. Optimedica
Catalys (Optimedica Corporation, Santa Clara, Calif ) currently
has CE approval for both the capsulotomy and lens fragmenta-
tion but not for corneal incisions. 510K clearance with the FDA
remains currently under investigation. The LensAR laser (Len-
sAR, Orlando, Fla) received FDA clearance for anterior capsu-
lotomy and lens fragmentation; however, subsequent changes
have, at this point, required amendments to the 501K submis-
sion. This is currently ongoing. VICTUS, a cooperative between
Bausch & Lomb and Technolas, is the first laser that has the
ability to undertake both cataract and refractive procedures.
Although the product has been launched officially by the com-
panies, it has yet to receive governmental clearance. Each plat-
form appears to have good underlying technology with slight
differences distinguishing the units. The Alcon LenSx laser
system uses a single-piece curved patient interface with an on-
board vacuum system to achieve suction. The unit uses real-time
video imaging with integrated optical coherence tomography
(OCT) to provide a 3-dimensional visualization of the entire
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anterior segment during docking, planning, and procedure.
Optimedica integrates a spectral domain OCT with fluid-filled
interface to visualize and complete surgery, whereas LenSAR
uses 3-dimensional confocal structured illumination to create
images, which are then used in conjunction with wave tracing to
allow the surgeon to visualize the patient eye. Choices will be
basedmore on availability, technical support, and price, rather than
differences in technology. Surgeons will also be interested in
whether part of the procedure could be delegated. Our experience
in Sydney is that this is not possible. There are new skills to be
learned in the laser portion of the procedure that require an
ophthalmologist’s knowledge and experience. Some years from
now, the situation may be different, but in the foreseeable future,
this will be an ophthalmology-performed procedure. To delegate
any part of the procedure at this stage would seem imprudent. To
those surgeons who feel that their role as a surgeon is under threat,
I would suggest they relax and appreciate the introduction of this
technology for the improved results and satisfaction it can bring to
themselves and patients.

Government Authorities, Private Hospitals,
and Providers

Governments are in the business of rationing goods and
services because they cannot provide everything society wants.
At this stage, there is no government in the world that appears
interested in underwriting the additional costs of this procedure
in either the public or private sector, but it is only barely on
their radar in 2011. For the foreseeable future, the cost will be
borne by patients and their relatives.

Private hospitals and ambulatory surgery centers will, as a
general rule, need to be confident that they can perform ap-
proximately 1000 procedures per year to make femtosecond
laser cataract surgery economically feasible. Once installed, the
center will require intensive technical support and surgeon
training. There are many issues to deal with, but the underly-
ing premise is that this technology will dominate cataract sur-
gery in the developed world within the next 5 years, leading to
a concentration of surgery within a smaller number of larger
facilities, with small facilities likely to move their focus away
from ophthalmology.

Universities and Training Facilities
Public hospital and training institutions will need to de-

cide if they are adding laser refractive cataract surgery technol-
ogy for safety, or for safety and accuracy. On safety grounds,
they will be looking for more robust data. If they are introducing
the technology for reasons of refractive accuracy, it has other
implications. They then need to have a full gamut of IOLs that
make use of improved accuracy, which has implications for
their budgets and processes. Those responsible for training will
be worried that a laser-based approach may devalue other sur-
gical skills. Recent experience suggests it certainly will. The
move from intracapsular to extracapsular and from extracap-
sular to phaco decreased residents’ ability to perform suturing
and to close wounds and also decreased their ability to handle
penetrating trauma. This is the reality of technology, providing
improvements for patients and surgeons on the one hand and
causing a diminution of skills in other areas. It is the responsi-
bility of those in charge of training to think of innovative ways
to pass some of these technical skills on to residents.

Industry
Manufacturers naturally wish to have a return on their in-

vestment. There are nuances in individual countries based on

reimbursement systems, government regulations, and historical
norms. A procedure that is safer and more accurate will resonate
with patients and society, and if the safety and accuracy bar
can be raised, this combination means that the technology will
become widespread.

Currently, manufacturers are facing the dilemma of rolling
out a technology, training surgeons, and up-skilling technical
support staff in a way that is not disruptive and keeps the quality
control at a high level. The worst thing that can happen is a rush
to market with technology that is not ready or surgeons who are
not well trained.

PERSONAL EXPERIENCE WITH LASER
REFRACTIVE CATARACT SURGERY

I (ML) had the privilege of visiting Prof Zoltan Nagy in
Budapest in February 2011 and performing surgery on his sys-
tem. We installed our Alcon LenSx system in Sydney on April 6,
2011, and in 6 months, we have performed 760 procedures. Our
facility is a group private multispecialty practice with its own
ambulatory day-surgery center and laser refractive facility in
suburban Sydney, 15 minutes from the central business district
in a middle-class location. We have placed the laser in a dedi-
cated room adjacent to the entrance of the day-surgery center.
The patient is dilated in the normal way and given oral Normison
(temazepam) 1 hour prior, then walks with assistance into the laser
room. The patient is positioned on the bed, and the laser portion
performed under topical anesthesia (Tetracaine 1% Minims,
Chauvin Pharmaceuticals, England). The patient is then escorted
into the ambulatory surgery facility, where the patient is given
intravenous sedation followed by the lens removal and IOL im-
plantation under topical anesthesia.

In 6 months, I have performed 221 of those 760 procedures.
For me, this represents 94% of the cataract procedures I perform.
The remaining 6% that have not been done with a laser approach
have been because I thought they were not technically suitable,
because of small pupils, corneal scarring, too small a palpebral
fissure, or the patient has just been too anxious to proceed. I have
taken the approach that this is a better way to perform cataract
surgery so this is what I will offer. If patients are unable to afford
the procedure, then I refer them to a colleague who is happy to
perform the procedure manually. My practice is a refractive ca-
taract practice and reflected in the IOLs I use (breakdown as
follows: 28% ReSTOR 3+, 21% ReSTOR toric, 26% aspheric,
22% toric, 3% accommodative IOLs).

My personal learning curve has been relatively easy. Of the
221 eyes, I have had 2 suction breaks during the procedure,

FIGURE 1. This image illustrates an anterior capsular tag
(temporally) following capsulorhexis in an early laser cataract
surgery case.
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5 developed pupillary constriction during or after the laser
procedure, and I have had 3 anterior capsular tags (Fig. 1).

The suction breaks occurred after the capsulotomy proce-
dure and during either the nucleus division or corneal wound
preparation. The procedure was stopped, and I performed the rest
of the procedure manually. It led to no adverse events for the
patient. The pupillary constriction was evident in the early cases.
By changing the energy levels and the settings at which the
capsulotomy begins beneath the capsule and ends in the anterior
chamber, we removed this problem. My current setting is for the
capsulotomy to begin 300 Km below the anterior capsule and
finish 150 Km into the anterior chamber. Immediately after the
laser procedure, we place a drop of 10% phenylephrine, which
is well absorbed given that the eye is slightly inflamed, and this
has eliminated pupillary constriction as a problem related to
the laser procedure. The cases of anterior capsular tags re-
quired careful management with needle and forceps for them
not to extend and become an anterior capsule tear. I have had
zero incidence of anterior capsular tears or posterior capsule
rupture. In short, with my first 221 eyes, there have been no
complications of visual significance.

Our group overall of 6 surgeons analyzed their initial 200
cases, and it is a different story. We analyzed the cases in con-
secutive groups of 50 eyes (groups 1Y4). There was a statistically
significant improvement in terms of pupillary constriction from
24% of cases in group 1 down to 4% in group 4 (P G 0.01%).
This is because of the changes in laser setting as described
above. There was also evidence of a statistically significant im-
provement in the number of free-floating capsulotomies from
6% in group 1 to 30% and 28% in groups 3 and 4, respectively
(P G 0.01%). Free-floating capsulotomies mean that the capsule
was entirely free and could be removed simply with forceps. Each
capsulotomy in the initial 200 eyes was rated on a scale of 10 in
terms of ease of capsule removal. Regardless of the free-floating
cases, all capsulotomies were rated at 8 or higher. The improve-
ment in free-floating capsulotomies is related to better dock-
ing, changed energy settings, and refined spot layer separation.

In the 200 eyes, there were 21 anterior capsular tags. There
were also 7 of 200 anterior capsule tears. There were 4 cases
of posterior lens dislocation; 2 of these were a consequence of
anterior capsular tears, and 2 were due to capsular block syn-
drome. These occurred in the first 150 eyes, and there have

been no anterior capsule tears or posterior lens dislocations
noted in the final group of 50 eyes. The reduction in intraop-
erative complications has extended to the following 560 cases
across all surgeons.

The precision and consistency of the capsulotomies and
corneal incisions have appeared to improve the refractive results
for patients. The ability of the femtosecond laser to perform
intraoperative limbal-relaxing incisions to further reduce pre-
existing astigmatism or counteract induced cylinder is a poten-
tial additional benefit for both the surgeon and patient. If, as
expected, that laser-created incisions will be more consistent,
reproducible, and accurately placed compared with manually
placed incisions, then this should lead to improved outcomes
over manual incisions. The additional advantage of incorporat-
ing incisions within the initial laser ablation may consolidate
the use of this aspect of the procedure over alternatives such
as the use of diamond knives and/or Fugo blades. Prospec-
tive, controlled studies again are required to confirm these
potential differences. At this point, we have chosen not to use
limbal-relaxing incisions; however, a role is planned in future
procedures.

We have learned 4 things from this introduction;
(1) The introduction of this technology requires additional

resources, time, and energy on behalf of all staff. Before
proceeding with the initial surgery, renovations were re-
quired to create a separate operating room for the LenSx
unit. Technicians and surgeons both required extensive
training to be able to operate the laser unit, and office staff
required education in the surgical procedure and financial
implications for patients. The surgery will take longer, and
appropriate allocation of time during the operating list is
required to avoid lengthy delays, which may lead to frus-
tration of both staff and patients. On average, the time spent
in the operating room initially was about 4.2 minutes longer
than a standard procedure. This has decreased with time and
at 6 months represents an increase of 2.3 minutes compared
with a group of manual surgeries. Ongoing motivation of
all staff is key during this initial introduction phase.

(2) The learning curve is easier for those who have had ex-
perience with femtosecond LASIK surgery. Surgeons with
prior experience of femtosecond lasers were initially more
comfortable, as evidenced by a lower number of complications.

FIGURE 2. Example of intraoperative OCT showing poor docking. Note the obvious decentration of the applanated eye inferiorly.
The top right image represents an irregular anterior chamber and excessive lens tilt in the lower right OCT image. This may lead
to incomplete laser fragmentation. In this case, suction should be removed and docking reapplied before the laser ablation.
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They had a lower number of docking attempts and suction
breaks. They also had a statistically lower anterior capsular
tear rate, which may have been due to less eye tilt by sur-
geons used to dealing with suction-based docking systems.
It is likely that an awareness of the unpredictable nature
of the gas produced by a femtosecond laser and of
its occasional variable tissue separation made the femto-
second-experienced surgeons more alert to the possibility
of capsular tags and gas-induced elevated intracapsular
pressure. These differences between the groups disappeared
with experience.

(3) Laser-related capsular block syndrome is a complication
specific to laser cataract refractive surgery. It occurred in
2 of our first 100 cases where the laser capsulotomy was
round and complete. In both cases, the cataract was grade
III. There was no evidence of photodisruption of the pos-
terior capsule. We hypothesized that the gas trapped within
the crystalline lens during photodisruption increased the
intracapsular pressure. Subsequent hydrodissection further
increases the pressure with the resultant posterior capsular
blowout. The heating and increased adherence of the cortex
to the capsule may contribute to this syndrome. Our expe-
rience is that cataracts of increasing density are more likely
to trap the gas within the lens and place the patient at greater
risk for this complication, albeit minimally, if precautions
are undertaken. We have developed a technique to eliminate
this complication. Hydrodissection is now performed after
adequate decompression of the anterior chamber. It is gentle
and performed with a large-bore cannula. Additional precau-
tions such as completing nuclear fracture centrally to allow
any retrolenticular gas to escape should also be considered.
It is important to note that in neither of the 2 cases did the
laser cut through the posterior capsule. There was no evi-
dence of photodisruption of the posterior capsule as evalu-
ated during pars plana vitrectomy and phaco fragmentation.
The fragmentation patterns can be customized to the patient
and lens density. Initially, surgeons were provided with 2
separate options, the chop and raster patterns. The raster
pattern appeared to be of most use in lensectomy patients as
opposed to cataracts of moderate density. A combined ap-
proach is also possible. These patterns are constantly evolving.

(4) Good-quality docking is essential to good surgery. Figure 2
shows poor-quality docking with tilting of the capsule and
lens, and Figure 3 shows excellent docking with a flat an-
terior capsule and stable and flat lens. Good docking leads to
shorter laser duration and a more certain capsulotomy and
nucleus fracture. Poor docking can lead to a cascading series
of events with resultant inadequate capsulotomy, capsular
tags, and secondary anterior capsular tear formation. It is
important to proceed only in the presence of good-quality
docking.

SUMMARY
Laser refractive cataract surgery turns the procedure from

a relatively easy and quick procedure into a more technically
demanding and lengthy procedure for surgeons. Despite this, the
benefits to patients are evident to those surgeons who have ex-
perienced the technology, and patients are comfortable that they
are receiving the best possible care and keen to avail themselves
of laser cataract surgery technology. This procedure is good for
patients and difficult for doctors. It is expensive for an individual
patient, but it may turn out to be cost-effective for society. The
technology is evolving, and much is being learned about how to
best deliver this exciting advance in cataract surgery.
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