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ABSTRACT

Combined cataract and vitreoretinal surgery
results in better compliance in patients with
posterior segment pathology and should be the
preferred approach to reduce the high rate of
cataract development after vitreoretinal surgery
and to improve earlier visual acuity. Techno-
logical advances in both anterior and posterior
segment surgery are leading to the development
of instruments with a smaller diameter and
more efficient tools, resulting in a minimizing
of the tissue trauma related to the surgery,
acceleration of functional recovery and
increasing patient comfort. In this review we
report on recent advances that allow this
miniaturization process while maintaining the
efficacy and safety of microinvasive combined
surgical procedures, with a focus on pumps,
illumination, phaco tip and the vitrectomy
probe.
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INTRODUCTION

Technological advances in the instrumentation
used in ocular surgeries are leading to the
development of instruments with a smaller
diameter and more efficient tools. In vitreo-
retinal surgery, there has been a gradual shift
from instruments with a diameter of 20G to
those with smaller diameters as a strategy to
reduce intraoperative and postoperative com-
plications [1, 2]. Similarly, in anterior segment
surgery, smaller, sutureless and self-sealing cor-
neal incisions are more comfortable and equally
safe for the patient as the standard approach [3].
Combined cataract and vitreoretinal surgery has
been investigated with the aim to achieve a
better compliance and to reduce the risk of
multiple inflammatory eye stress in patients
with significant cataract concomitant with
posterior segment pathology. According to
previous studies, cataract surgery combined
with vitrectomy should be preferred to reduce
the high rate of cataract development after vit-
reoretinal surgery and to improve earlier visual
acuity [4, 5]. With all of these developments, it
is crucial for modern ophthalmic surgery sys-
tems to provide the best solutions for both
anterior and posterior segment surgery.
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The aim of this review is to illustrate a
number of recent advances in this field.

METHODS

A search of PubMed was made using the search
string ‘‘‘‘Cataract Extraction’’ [Mesh] AND
(‘‘Vitrectomy’’ [Mesh] OR ‘‘Vitreoretinal Sur-
gery’’ [Mesh]) AND ‘‘combined’’ [text] NOT
‘‘Glaucoma’’ [Mesh] AND (‘‘2007/03/02’’ [PDat]:
‘‘2017/02/26’’ [PDat])’’, and articles dealing with
new technologies in ocular surgery were selec-
ted. Data on novel devices for anterior and
posterior segment surgeries were searched
among ophthalmology books, papers presented
during international congresses or published in
ophthalmological tabloids with an acknowl-
edged Editorial Board scientific surveillance
control and published in the last 10 years. The
identified articles were then divided into sub-
sequent sections and topics on different aspects
of microinvasive combined ocular surgery (ab-
stract, introduction, methods, pumps, illumi-
nation, phaco tip, vitrectomy probe, conclusion
and references). The abstract, full article and
references were obtained and the references
further checked for additional material where
appropriate. This review does not contain any
new studies with human or animal subjects
performed by any of the authors.

PUMPS

The physics of doing surgery with smaller
instruments requires that higher infusion and
aspiration values and a precise control of flow
be maintained to achieve an efficiency compa-
rable to that of previous systems used in both
anterior and posterior surgeries [6, 7]. While
shaving the vitreous base, an excess of fluid
acceleration should be avoided. This fluid
acceleration is generally higher when a peri-
staltic pump is used, depending on vacuum
changes, and could lead to retinal traction and
tears [8]. A Venturi pump allows a lower accel-
eration, controlling the flow via vacuum, with
the final resulting flow depending on viscosity
and thus not directly controlled. Recently,

OERTLI� introduced with the OS4 platform
(Oertli Instrumente AG, Berneck, Switzerland)
with the SPEEP mode, which allows maximum
values for flow and vacuum to be set indepen-
dently. This platform consists of a peristaltic
pump that mimics a Venturi-based system; the
flow is controlled by the movement of the
wheel and the vacuum is controlled by a sensor
in the cassette [9]. The big advantage of SPEEP
mode is an instant availability of data on the
preset flow and the control of the vacuum
through the pedal, leading to an impressive
control of the holding forces. In our experience,
this capability allows more precision and accu-
racy in maneuvers such as lifting of the
epi-nucleus in cataract surgery, aspiration of
membranes and sub-luxated lens particles in
the vitreous and in peripheral vitrectomy,
especially over a detached retina.

The EVA platform (DORC International B.V.,
Zuidland, The Netherlands) has a Valve Timing
intelligence (VTi) aspiration system for vitrec-
tomy surgery, designed specifically to overcome
the limitations of both peristaltic and Venturi
pressure systems thanks to a series of sensitive
computer-controlled operating pistons and
closure valves working in very small flow
chambers. The EVA system allows the user to
decide between two different modes by the
touch of a button: vacuum or flow control
mode. In vacuum mode, the pistons work at
high speed to build and maintain the desired
vacuum value. In flow control mode, the valves
operate at a precalculated speed to achieve the
desired flow. Compared to a Venturi-driven
vitrectomy system, the EVA VTi machine gen-
erates a much faster rise time in vacuum mode.
Unlike a conventional rotary peristaltic system,
the pressure output that is generated by the EVA
VTi instrument in flow control vitrectomy does
not exhibit oscillations, producing improved
fluidic stability overall [10].

An important safety issue related to pumps is
intraocular pressure management in order to
avoid damage to the optic nerve during surgery.
In the literature values of ocular perfusion
pressure of the ophthalmic artery of[30 mmHg
are considered to be safe, and therefore desir-
able, while 50 mmHg is deemed ideal [11, 12].
The R-Evolution CR platform (OPTIKON 2000,
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Inc., Rome, Italy) is able to calculate patient
mean ocular perfusion pressure and to dynam-
ically stabilize the intraocular pressure during
surgery using a controlled-pressure irrigation
system that offers real-time compensation of
pressure fluctuations, informing the surgeons in
real-time and allowing them to take decisions
concerning the infusion pressure [13].

Another interesting feature allowing the
surgeon to independently control two contin-
uous functions simultaneously—for example,
fragmentation power and vacuum—is the
dual-linear footpedal integrated in the Stellaris
PC platform (Bausch & Lomb, Inc., New York,
NY). Dual-linear control is particularly useful in
intraoperative floppy iris syndrome and in
zonulopathy during cataract surgery, as well as
in removing dislocated lens fragments. In a
recent survey, surgeons using this technology
report improvements in holdability, chamber
stability, followability, chatter reduction and
cutting power, minimization of post-occlusion
surge, volumes of irrigation fluid used and
ultrasound power and a reduction of mean
actual phaco time and effective phaco time,
compared with co-linear control [14].

ILLUMINATION

In vitreoretinal surgery, intraocular illumina-
tion is achieved by fibers penetrating into the
eye. Two conventional variants are available.
The stiff handheld fiber allows a bright and
targeted illumination of a limited area, whereas
the chandelier endoilluminator enlightens the
whole intraocular space, even the very periph-
eral areas. Smaller diameters reduce the lumi-
nous flux transmitted by the light guide. On the
other hand, the maximum exposure time, the
maximum power densities and its spectral dis-
tribution have to be taken into account to
reduce retinal damage. Conventional xenon
light sources exhibit intensive emission in the
blue part of their spectrum that is responsible
for the photochemical harm of these light
sources, whereas almost all wavelengths in the
visible spectrum contribute to thermal damage
[15]. The recent advances in LED technology
have resulted in the development of light

sources which reach a brightness comparable to
that of xenon or mercury light sources but
which have eliminated or reduced those dam-
aging components of the spectrum, thereby
reducing the photochemical and thermal haz-
ards. The DORC EVA, OPTIKON R-Evolution
and OERTLI OS4 platforms allow the compo-
nent of the spectrum to be chosen according to
surgeon preference and his own perception of
the surgery. In our experience a prevalence of
the blue component allows a better visualiza-
tion of the vitreous due to the Rayleigh scat-
tering in the core vitrectomy, in which the light
probe is not so close to the retina. Alternatively,
a prevalent amber light is safer when the light
probe is close to the retina and allows a better
visualization of brilliant blue-stained mem-
branes and in the presence of intraocular air.
Hessling et al. proposed a trans-scleral approach
consisting of a flat top LED fixed to an eye
speculum and pressed against the eye at the pars
plana by a thread without any incision; how-
ever, further evaluations are needed to under-
stand the capability of this technique [16].

PHACO TIP

Microinvasive cataract surgery refers to a com-
plete surgical procedure through a corneal
tunnel with a width of B1.8 mm, allowing a
very low surgically induced astigmatism [3]. A
major issue in this case is chamber stability,
which has to be achieved with an infusion
capacity that is far above that of the outflow [6].
Other requirements of ideal cataract surgery are
followability—i.e. a constantly strong inflow of
the infusion directly to the tip—and holdabil-
ity, which requires high vacuum strength. The
dual-linear footpedal by Bausch & Lomb has
already been studied as a means to improve
these issues. The last advance in this field, pro-
posed by Oertli Instrumente, is the easyPhaco�
technology that uses a capillary suction channel
with an open cross-section that is half the size
of that used in the standard equipment, thereby
increasing the outflow resistance [17]. At the
same time, the width of the incision remains
unchanged, allowing an enlarged cross-sec-
tional area for the inflow and a drop of the flow
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resistance for the infusion. This technology
provides an exceptional chamber stability even
when very high vacuum settings are used to
improve followability and holdability. A wider
head cross-section with a larger opening area
has been designed not only to improve hold-
ability but also to maximize the ultrasound
energy delivery.

Alcon Laboratories Inc., (Fort Worth, TX)
developed the OZil IP torsional technology that
optimizes energy delivery during surgical pro-
cedures and integrated this technology in the
Centurion platform with the INTREPID bal-
anced tip. This tip is specifically designed for
torsional ultrasound with a 50% enhancement
in sideways tip displacement and reduces the
amount of energy transmitted to the sleeve and
incision site. Torsional phacoemulsification had
been shown to require less ultrasound energy in
comparison to the longitudinal system and
differs from it in two aspects: (1) the frequency
of the phacoemulsification tip in the torsional
mode (32 kHz) is 80% of that in the conven-
tional phacoemulsification (40 kHz) and (2) the
stroke length of the phacoemulsification tip in
the torsional mode (40 lm) is 50% of that in the
standard mode (80 lm). All of these improve-
ments make the Centurion platform more effi-
cient than its predecessor, the Infiniti platform
[18]. Assil et al. compared torsional ultrasound
of Infiniti with transverse ultrasound of Ellips
FX Transversal Ultrasound embedded in the
WhiteStar Signature system (Abbott Medical
Optics, Inc., Santa Ana, CA) and came to the
conclusion that the latter was more efficient in
cataract surgery. Thus, further studies are nee-
ded to compare the more recent torsional and
transverse ultrasound systems to determine
which one is the more efficient [19].

VITRECTOMY PROBE

Vitreoretinal surgery has undergone an out-
standing rate of innovations in recent years,
probably because instrumentation miniaturiza-
tion presents even more challenges in dealing
with a non-Newtonian fluid-like vitreous. The
refining of vitrectomy probes in terms of cut
rate and the more accurate control of duty-cycle

have the aim to reduce an excess of fluid
acceleration [7]. A better control of duty-cycle is
achieved by the dual pneumatic systems that
use two separate air line tubes to open and close
the cutter [20]. The improvement in cut rate
means that smaller and more easily aspirated
pieces of vitreous are produced. This could be
achieved with the twin duty-cycle cutters, in
which the guillotine blade carries out two cuts
per work step, leaving the aspiration window
permanently open, thus decoupling cut rate
from aspiration flow [21]. This technology has
been adopted by several platforms: Optikon
R-Evolution CR, DORC EVA, OERTLI OS4. The
pulse-free flow makes duty-cycle management
obsolete. A new promising approach to vitrec-
tomy is currently in development by Bausch &
Lomb and aims to increase the vitrectomy cut
rate from around 12,000–16,000 per minute
with today’s machines to approximately 1.7
million cuts per minute [22]. This result would
be possible using hypersonic liquefaction, with
the mounting of a single-needle on a piezo-
electric transducer element that vibrates har-
monically, first cutting and then aspiring
vitreous, thereby avoiding retinal traction.

CONCLUSION

Recent technical improvements in microinva-
sive combined surgery allow the diameters of
incisions in both anterior and posterior seg-
ment surgeries to be reduced without any
reduction of the efficiency and safety of proce-
dures. In the last decade, these technical
advances have contributed to a great improve-
ment in ocular surgery. Smaller instruments
have been developed, resulting in notably
improved surgical performances. At the same
time, visualization systems have been improved
that allow the surgeon to operate on the pos-
terior segment independently even under
highly challenging conditions. These improve-
ments do not seem to be over. In the coming
months/years we can expect innovations that
could revolutionize eye surgery, especially in
the posterior segment. The final objective is to
minimize tissue trauma related to surgery,
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accelerate functional recovery and increase
patient comfort.
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