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CATARACT SURGERY

A NEW CONTENDER
Improvements in nanosecond technology make it an appealing option for laser cataract surgery.
BY GANGOLF SAUDER, MD
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he current standard of care in
cataract surgery is phacoemulsification in developed countries and manual small-incision
cataract surgery (MSICS) in developing countries. The first femtosecond
laser cataract surgery, performed in
2008, marked the beginning of a revolutionary advance in this field.1
But the first use of lasers in the
cataract surgical procedure predates
the femtosecond laser. In 1993, the
first procedure for the removal of a
nuclear sclerotic cataract using highpowered Nd:YAG laser pulses was
reported.2 This approach to substituting a laser system for ultrasound
energy phacoemulsification has
evolved over the years. Currently, the
nanosecond laser system uses an indirect delivery method (Figure 1)—that
is, laser energy is not applied directly
to the cataract. Instead, the laser
beam strikes a titanium plate located
at the end of the tip of the handpiece
in the vicinity of an opening. The
energy released then fragments the
cataract indirectly, via a process called
photofragmentation.
I found that the laser systems used in
this approach until recently faced a significant limit, in that they were unable
to effectively fragment cataracts with
LOCS of grades IV or V. This was seen
only as a theoretical limit, given that,
based on the principles of physics, the
harder the cataract, the more efficient
this technique should be.
Several recent improvements now
allow harder cataract formations—
up to LOCS IV—to be efficiently
removed. These improvements
include the design of the handpiece

(Figure 2) and the laser of the Cetus
Nano-Laser system (A.R.C. Laser),
the use of a Centurion Vision System
with Active Fluidics Technology
(Alcon) for irrigation and aspiration
and manual laser control (Figure 3),
and the refinement of the surgical
techniques used.
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HARDWARE IMPROVED
The hardware improvements have
followed two separate paths that have
greatly improved the holding capacity
of the lens fragments in front of the
tip of the handpiece and, thereby, the
fragmenting effect of each laser pulse.
The first line of development concerned improvements in tip design.
Without increasing the overall diameter of the tip, the diameter of the
optical fiber was decreased, thus
increasing the aspiration capacity of
the tip. This required an increase in
the laser power setting from 30% to
50% of capacity, leaving a significant
reserve in power should it be required
during a difficult case. The second line
of development concerned the configuration of the opening, which has
been modified to increase the photofragmentation effect and to maximize
the efficiency of the I/A system.
Other recent improvements have
also decreased the Q-switch timing,
yielding a faster initial rise time and
therefore a faster and more efficient
buildup of plasma formation. Taken
together, these improvements have
significantly decreased the overall
release of energy within the eye
required to remove a cataract.
I have tried the Nano-Laser system
in combination with almost all
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Figure 1. The titanium tip of the Nano-Laser handpiece
contains a laser optical fiber (A). Irrigation liquid travels
to the tip in the silicone sleeve and is aspirated via
the opening that is in an off-center position (B). The
nanosecond laser pulse propagates within the optical
fiber and hits an angled titanium plate located at the front
of the tip (C). Plasma formation forms a shockwave that
causes photofragmentation of the lens material (D). The
fragments are then aspirated through the titanium tip (E).

commercially available I/A systems
and prefer the Centurion.
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Figure 2. The disposable coaxial Nano-Laser handpiece.

Figure 4. The bowling technique is useful in softer
cataracts (LOCS I and II). The tip of the handpiece is
moved in a small circle pattern with the bevel down
in the nucleus, leaving the epinucleus to protect the
posterior capsule. After nucleus removal, the cortex is
aspirated.

in two by either chopping from the
periphery toward the center of the lens
or by starting inside the hole in order
to crack the lens. Successful removal of
these harder cataract formations without converting to ultrasound is now
possible, given the hardware improvements described earlier.

CLINICAL RESULTS
Figure 3. The combination of Centurion Vision
System with Active Fluidics Technology and the Cetus
Nano-Laser results in optimal fragment holding.

IMPROVED SURGICAL TECHNIQUES
In tandem with the hardware
improvements, I have determined
that the use of two different surgical
techniques can facilitate the approach
to cataracts of different densities.
For cataracts with density up
to LOCS II, I have found that the
best technique is what I call the
bowling technique (Figure 4). With the
bevel pointing down, the handpiece is
rotated slightly while laser pulses are
applied in the nucleus, leaving the epinucleus intact, which acts as a protective shield for the posterior capsule.
In harder cataract formations of
LOCS III and IV, I prefer using a drilland-chop technique (Figure 5). With a
slight drilling movement of the handpiece while the laser is fired, a central
hole in the nucleus is created to at least
50% of lens thickness. Then a Neuhann
chopper is used to split the nucleus
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The Cetus Nano-Laser causes
minimal to no dispersion of thermal
or mechanical energy in the anterior
chamber during surgery. The total
amount of energy released is on the
order of 8 to 10 times lower than that
used in ultrasound phacoemulsification. The limited action of the nanosecond laser wave also has the advantage
of not producing areas where the
energy introduced within the eye is
summed, thus decreasing the risk of
damaging surrounding tissue (Figure 6).
The Nano-Laser handpiece offers
several advantages. The single-use handpiece weighs only 30 g and has a more
ergonomic design than ultrasound
handpieces. The tip has no moving
parts and no heat transfer to the sleeve,
thus reducing damage to corneal tunnels. The system fires at a frequency on
the order of 5 to 10 Hz, as compared
with the 42,000 Hz of an ultrasound system. Considering the limits in response
time of even the most experienced surgeons, this should result in reducing the
emission of unnecessary energy when
the tip is not engaged within the eye
and when engaging surrounding tissue.

Figure 5. In harder cataracts (LOCS III and IV) a drill-andchop technique is preferred. A slight rotating movement
of the laser handpiece allows the laser to create a hole
in the center of the nucleus. This is used as a basis to
chop the lens with a Neuhann chopper. After chopping,
the particles are fragmented with the tip of the bevel
positioned parallel to the iris plane.

The system also produces a less turbulent flow and lacks the summation
effects of ultrasound systems, which
should lead to decreased collateral
tissue damage. Overall, these advantages reduce the amount of tissue
damage and maximize endothelial cell
protection, which should result in a
reduced risk of infection and more
rapid visual rehabilitation.3
The principal advantages of a nanosecond laser system have been reported
in the literature,4-6 including significantly
lower levels of endothelial cell loss at
1 year postoperative and faster recovery
of corneal thickness to preoperative
levels in patients who underwent the
Nano-Laser procedure in comparison
with phacoemulsification patients.4
Previous improvements in the
overall time required for lens removal
with both nanosecond laser and
ultrasound systems indicate that,
while the evolution of ultrasound systems is slowing, the newer Nano-Laser
system presents latitude for improvement (Table 1).

CONCLUSION
My experience performing close to
4,000 cataract surgeries with the Cetus
Nano-Laser system, including numerous hard cataracts, has been positive.
I have found that, with the Cetus system, the entire cataract surgery can
be performed using only disposable
instruments and with a significantly
(Continued on page 23)

s

CATARACT SURGERY

TABLE 1. IMPROVEMENTS IN NANO-LASER AND
PHACOEMULSIFICATION EFFICIENCY IN THE PAST 5 YEARS
Year
2012
2017
Percentage Improvement

Time Required for Lens Removal
Nano-Laser
Phacoemulsification*
122 ±43 sec
60 ±22 sec
62 ±38 sec
44 ±18 sec
49%
27%

*Data originate from more than 500 cases done with ultrasound in the corresponding years.
The indicated times are for lens removal only. The greater decrease when using the
Nano-Laser compared with phacoemulsification is due to hardware improvements as
well as increased surgeon experience and evolution of surgical techniques.

(Continued from page 18)
lower amount of energy introduced within the eye compared
with phacoemulsification and with previous versions of the
laser. I consider cataract surgery with the Nano-Laser to be my
preferred technique when maximal protection of the corneal
endothelium is needed, for example in patients with previous
penetrating or lamellar keratoplasty or those with advanced
cornea guttata or Fuchs endothelial dystrophy. n
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Figure 6. Images acquired with a high-speed video camera. The nanosecond laser
shockwave is strongest immediately next to the handpiece tip (top row) and, unlike the
ultrasound shockwave (bottom row), it does not propagate three-dimensionally. The
ultrasound shockwave has a spherical front that propagates from the tip of the phaco
needle in all directions and for a greater distance than the nanosecond laser wave.
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