Chapter 7 )
Recent Developments in Vitreo-Retinal b
Surgery

Sana Idrees, Ajay E. Kuriyan, Stephen G. Schwartz, Jean-Marie Parel,
and Harry W. Flynn Jr

History of Vitrectomy

“Open sky” vitrectomy technique, termed diapupillary resection, was described by
Tsugio Dodo for partial removal of a vitreous hemorrhage from a patient in Japan
in 1955 [1, 2]. However, the Western world likely did not hear about this technique
until 1968 when David Kasner also described an “open sky” technique for vitreous
removal using cellulose sponges and scissors. This technique was initially used to
address vitreous loss during cataract surgery (Fig. 7.1) and subsequently used to
remove opacified vitreous in the setting of amyloidosis [3].

Fig. 7.1 (a) Dr. David Kasner demonstrating open sky technique for vitreous removal using cel-
lulose sponges and scissors on a cadaver eye. (b, ¢) High magnification of cadaver eye vitreous
removal
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Fig. 7.2 Dr. Robert
Machemer performing pars
plana vitrectomy

The introduction of modern pars plana vitrectomy (PPV) is generally credited
to Robert Machemer (Fig. 7.2) as he was responsible for developing the first
automated system for vitreous removal with controlled intraocular pressure in
1970 [4]. Machemer and Helmut Buettner initially designed a vitrectomy device
with a drill bit and tiny electric motor encased in a blunt hypodermic needle.
Suction was added to remove the vitreous more effectively, and an infusion tube
was soldered to the outside of the hypodermic needle to prevent globe collapse
[5]. Machemer performed his first PPV on April 20, 1970 on a diabetic patient
with a non-clearing vitreous hemorrhage and visual acuity improved from 2/200
to 20/50 [4]. Subsequently, a collaboration between Jean-Marie Parel (Fig. 7.3a)
and Machemer led to the development of the vitreous infusion suction cutter
(VISC, Fig. 7.3b) and the fiberoptic endoillumination used in early PPV. The
VISC was developed as an instrument which cut vitreous, removed debris from
the eye by suction, while simultaneously infusing Ringer’s solution [6, 7]. Early
vitrectomy was performed using a VISC that was 17 gauge and 1.5 mm in diam-
eter inserted through a 2.1 mm scleral incision [6, 8].

In 1971, Gholam Peyman (Fig. 7.4a) described a technique using a vitrophage
(Fig. 7.4b) to remove and replace the vitreous [9]. In 1974, Conor O’Malley and
Ralph Heintz developed the first three port 20-gauge pars plana vitrectomy system,
separating the components of vitreous cutting, infusion, and illumination [10]. In
1985, Machemer and Dyson Hickingbotham introduced the first 20-gaugetrocar/
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Fig. 7.3 (a) Dr. Gholam Peymann, who developed the vitrophage. (b) Photo of the vitrophage

Fig.7.4 (a) Dr. Jean-Marie Parel, who developed the vitreous infusion suction cutter (VISC) with
Dr. Robert Machemer. (b) Photo of the VISC

cannula system to allow for easier passage and interchangeability of instruments in
an attempt to reduce the risk of iatrogenic retinal tears or retinal detachment [11].
Subsequently, 20-gauge vitrectomy became standard treatment for decades.

In 1990, Eugene de Juan and Hickingbotham developed 25-gauge vitrectomy
instrumentation, including a vitreous cutter, microscissors, and vitreous mem-
brane dissector. At that time, use of 25 gauge instruments was limited to select
cases requiring high precision due to slow vitreous removal speeds [12]. Peyman
described a 23 gauge vitrectomy system in 1990 [13]. In 2002, Gildo Fujii intro-
duced a 25 gauge operating system, the Transconjunctival Sutureless Vitrectomy
System, allowing for self-sealing transconjunctival sclerotomies. This method pop-
ularized the widespread use of small gauge PPV [14, 15]. In 2005, Claus Eckardt
introduced 23 gauge instrumentation as an alternative to 25 gauge PPV [16]. Yusuke
Oshima pioneered a 27 gauge vitrectomy system in 2010 [17].

When PPV was first utilized it was generally reserved for the more severe,
selected cases, such as non-clearing vitreous hemorrhage and complex retinal
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Table 7.1 Diseases commonly 1. Retinal or choroidal detachment
considered amenable to pars (a) Retinal detachment
plana vitrectomy * Rhegmatogenous

e Traction

* Combined traction/rhegmatogenous
(b) Choroidal detachment
* Serous
¢ Hemorrhagic
2. Proliferative vitreoretinopathy
3. Vitreous opacities
(a) Vitreous hemorrhage
(b) Other opacities
4. Vitreomacular interface disorders
(a) Epiretinal membrane
(b) Macular hole
(c) Vitreomacular traction
5. Inflammatory disorders
(a) Endophthalmitis
(b) Posterior segment uveitis
* Infectious
* Noninfectious
6. Complications of anterior segment surgery
(a) Retained lens material
(b) Dislocated intraocular lens
7. Trauma
(a) Intraocular foreign body

detachment [18]. However, evolution of vitreoretinal ancillary equipment and
surgical techniques has allowed increases in the utilization of vitrectomy and indi-
cations for vitrectomy surgery (Table 7.1). Today, PPV is the most commonly per-
formed surgical procedure by retinal specialists.

Perioperative Considerations

Vitrectomy can be performed with general or local anesthesia, including regional
with or without topical anesthesia [19]. Traditionally, vitrectomy was more often
performed with general anesthesia, but recently local anesthesia is also popular
[20]. General anesthesia may be used when the procedure is expected to be long
or painful. Additionally, patients with claustrophobia, anxiety, or dementia may
benefit from surgery with general anesthesia. However, use of general anesthesia
decreases turnover time, increases procedural costs, and has increased systemic
risks compared to local anesthesia with monitored anesthesia care [21].

Regional block with monitored anesthesia care allows the patient to remain awake
during the procedure. Several methods of local anesthesia may been used, including
retrobulbar, peribulbar, sub-Tenon’s, and topical anesthesia [20]. Retrobulbar anes-
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thesia generally provides excellent anesthesia and akinesia but is associated with
small risks of retrobulbar hemorrhage and scleral perforation [22]. Peribulbar anes-
thesia is associated with fewer risks but is somewhat less effective than retrobulbar
anesthesia and may require a longer time to produce adequate effects. Sub-Tenon’s
anesthesia is administered in the posterior sub-Tenon’s space and provides rapid
anesthesia and akinesia [22]. Topical anesthesia involves the use of anesthetic drops
on the ocular surface. It has been reported effective in select patients for vitreoreti-
nal surgery [23]. However, due to relatively long procedure times for most vitreo-
retinal surgery, it has not been widely adopted. In-office PPV with local anesthesia
has also been reported, but is not widely practiced [24].

Vitrectomy Systems

Berkeley Bioengineering in 1974 developed the first three-port, 20G system known
as the Ocutome 800 (Fig. 7.5). It had a lightweight pneumatic probe with axial
cutting and surgeon foot pedal controlled on-off aspiration. It was followed by the
Coopervision Ocutome 8000, which had the first linear aspiration system, inte-
grated light source, and connected fragmenter. These early companies are no longer
in existence or are not involved in vitrectomy surgical instruments. Another early
vitrectomy system was the MID Labs MicroVit system, which produced the first
high-quality disposable pneumatic cutter [25]. The Daisy (Storz) (Fig. 7.6) was
introduced in 1986 and had multiple functions including irrigation/aspiration, ante-
rior and posterior vitrectomy, bipolar coagulation, automated scissors, illumination,
air exchange and phacoemulsification and fragmentation. The Daisy was followed
by the Premiere system. Storz was acquired by Bausch + Lomb in 1997, and the
combined organization produced the Millennium Microsurgical System (Fig. 7.7)
that year. Also in 1997, Alcon introduced the Accurus (Fig. 7.8).

Fig. 7.5 Ocutome 800
machine
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Fig. 7.6 Storz Daisy
machine (Photo courtesy
of Bausch + Lomb)

Fig. 7.7 Bausch + Lomb
Millenium Microsurgical
System (Photo courtesy of
Bausch + Lomb)

S. Idrees et al.
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Fig. 7.8 Alcon Accurus
machine (Photo courtesy
of Alcon)

Currently, the most commonly used vitrectomy systems include the Constellation
(Alcon, 2008), Enhanced Visual Acuity (EVA, DORC, Zuidland, the Netherlands,
2015), and the Stellaris PC/Stellaris Elite (Bausch + Lomb, Bridgewater, NJ, USA,
2010/2017). The Constellation vitrectomy system (Fig. 7.9) has a dual pneumatic
vitreous cutter with increased cut rates up to 10,000 cpm, radiofrequency identifica-
tion recognition technology to regulate light intensity based upon the probe gauge
size, surgeon-controlled duty cycle, integrated laser, and torsional anterior segment
phacoemulsification. The Constellation has capacity for 20, 23, 25, and 27 gauge
instrumentation. The EVA vitrectomy system (Fig. 7.10) utilizes a two-dimensional
vitreous cutter with a cut rate of up to 16,000 cpm, high flow infusion cannula, and
instrumentation for 23, 25, and 27 gauge vitrectomy.

The Stellaris PC (Fig. 7.11), has vitreous cutters with cut rates of up to
5000 cpm. It also has a dual light source, color filters for differentiated viewing,
and instrumentation for 20, 23, and 25 gauge vitrectomy [26]. The Stellaris Elite
Vision Enhancement System (Bausch + Lomb, 2017), offers single port 20, 23, and
25 gauge vitreous cutters with cut rates up to 7500 cpm, and bi-blade 25 and 27
gauge vitrectomy cutters which cut in two directions per cycle with cut rates up to
15,000 cpm. The Stellaris Elite (Fig. 7.12) is also compatible with the ultrasound
vitreous cutter, which uses ultrasound energy to liquefy vitreous (instead of cutting
it with the traditional guillotine cutter) and remove it using a port that is continu-
ously open. The equivalent cut rate of the hypersonic vitrector (Fig. 7.13) is up to
1.7 million cpm.
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Fig. 7.9 Alcon
Constellation machine
(Photo courtesy of Alcon)

Cannula-Trocar Systems

After the mid-1970s, PPV was largely performed with 20 gauge instrumentation,
requiring conjunctival incisions and sclerotomies measuring approximately 0.9 mm
in diameter. With 20G surgery trochars were optional. More recently, the growing
use of transconjunctival small-gauge has necessitated the use of cannulated scle-
rotomies. Fujii first reported a 25 gauge transconjunctival sutureless vitrectomy
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Fig. 7.10 DORC EVA
machine (Photo courtesy
of DORC)

system using microtrocars and cannulas in 2002 [14, 15]. The use of smaller gauge
vitrectomy instrumentation has reduced the scleral incision diameter to 0.72 mm for
23 gauge, 0.55 mm for 25 gauge, and 0.40 mm for 27 gauge (Fig. 7.14) [14, 16, 17].

Advantages of cannulas include maintaining the alignment between the conjunc-
tiva and sclera, minimizing wound border trauma and allowing easier and faster
interchangeability of instrument and infusion sites [27]. Less traumatic insertion
and removal of instruments is thought to contribute to a decreased risk of iatrogenic
retinal tears. Additional benefits of the cannula-trocar system include increased
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Fig. 7.11 Bausch + Lomb
Stellaris PC (Photo
courtesy of Bausch +
Lomb)

likelihood of self-sealing sclerotomy closure, decreased post-operative discomfort,
decreased risk of inflammatory reaction secondary to suture use, and post-operative
atrophy and thinning of the sclerotomy site [28]. However, the relatively small inter-
nal diameter of the cannula sleeve limits the radius of curvature of smaller gauge
intraocular scissors and results in decreased efficiency of intraocular scissors for
membrane cutting and dissection compared to intraocular scissors used in 20 gauge
vitrectomy [29]. Currently, most vitreoretinal procedures are performed with 23 or
25 gauge transconjunctival cannula-trocar systems, and 20G vitrectomy systems are
usually limited to select cases, such as severe posterior segment trauma or intraocu-
lar foreign body [30].
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Fig. 7.12 Bausch + Lomb
Stellaris Elite (Photo
courtesy of Bausch +
Lomb)

Fig. 7.13 Bausch + Lomb \
hypersonic vitrector (Photo

courtesy of Bausch +

Lomb)
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23 gauge 25 gauge 27 gauge

Fig. 7.14 20, 23, 25, and 27 gauge vitrectomy probes

Valved cannulas have become popular since they minimize egress of fluid and elimi-
nate the need for cannula plugs during instrument exchange. The practical advantages of
valved cannulas are more stable intraocular fluidics and improved control of intraocular
pressure. Valved cannulas are reported to be comparable to their non-valved counter-
parts with regards to functional and anatomical outcomes as well as post-operative com-
plications. Valved cannulas can have the disadvantage of increased friction between the
instrument and valve and difficult insertion of soft or flexible tip instruments [31, 32].
A valved cannula design can also cause intraocular pressure build-up during air-silicone
oil exchange, and venting extensions have been introduced to prevent this.

Viewing Systems
Microscopes

Enhancements in the optics and illumination of operating microscopes contribute
to optimization of the retina surgeon’s view. In 1954, Littmann produced the earli-
est modern operating microscope with a constant working distance and the ability
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to change magnification with a revolving Galilean turret, and paraxial illumination
[33]. The Galilean turret allowed for different magnifications at a constant working
distance, with lenses selected by turning a knob. Paraxial illumination utilized light
tubes with bulbs attached to the mounting of the body of the microscope to illuminate
the field of view and focus light at the working distance for the microscope, provid-
ing better depth perception for surgeons. The ability to move the microscope in the x-
and y-axis and control the movement through a foot pedal were major advancements
that improved visualization for vitreous surgery, developed by Parel and Machemer
in the 1970s (Fig. 7.15) [34]. An additional advancement was incorporating a beam
splitter to provide coaxial viewing for through additional oculars to allow for assis-
tant observation through the microscope (Fig. 7.16) [34]. Over the next several
decades, ocular microscopes continued to become more sophisticated with improved
light sources and optics to enable improved viewing of the vitreous and retina.

A recent advancement in microscopes for vitreoretinal surgery is the availability
of intraoperative real-time optical coherence tomography (OCT) integrated into the
surgical microscope. Currently, OCT-integrated microscopes are available from Carl
Zeiss Meditec (Fig. 7.17, Jena, Germany) and Leica Microsystems (Bannockburn,

Fig. 7.15 Early
microscope with foot pedal
control (Reproduced with
permission from Parel,
J-M., R. Machemer, and
W. Aumayr. “A New
Concept for Vitreous
Surgery: 5. An Automated
Operating Microscope.”
American journal of
ophthalmology 77.2
(1974): 161-168)
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Fig. 7.16 Early
microscope with beam-
splitter to allow for
assistant viewing

IL, US). Potential uses advantages of intraoperative OCT include confirmation of
epiretinal and internal limiting membrane removal and potentially better visualiza-
tion of membrane peeling in select cases without using retinal dyes [35].

Lenses

Historically, vitreoretinal surgery was performed with planoconcave or biconcave
lenses under an operating microscope, which gave a limited field of view, approxi-
mately 20-35° (Fig. 7.18) [36]. Prism lenses were used to increase the field of view
to 60° [37]. Wide-angle viewing systems that are now available provide increased
visualization and access to the peripheral vitreous and retina. Wide-angle viewing
systems provide a panoramic view of the retina through the principles of binocular
indirect ophthalmoscopy and may require an image inverter mounted on the operat-
ing microscope. The two main types of wide-angle viewing systems are contact and
noncontact (Table 7.2) [38-42].

Contact lens wide-angle viewing systems provide better image resolution, con-
trast, and stereopsis than noncontact systems. With direct contact with the cornea,
they eliminate corneal aberrations and minimize reflective surfaces [38, 39]. The
lenses are either fixed into place using a ring sutured to the sclera or they are held
in place by a skilled assistant [39, 43]. The field of view and magnification vary
depending upon the lens used.

Noncontact wide-field viewing systems use a lens that is placed above the cor-
nea producing an inverted image, and they use an internal or separate prism system
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Fig. 7.17 Lumera 700
with the Resight 700
intraoperative OCT (Photo
courtesy of ZEISS)

to reinvert the image. The field of view can be adjusted by changing the distance
between the lens and the corneal surface [44]. The noncontact wide-angle viewing
system does not require an assistant to hold the lens. The cornea must be coated
with a viscoelastic material or be constantly irrigated to avoid corneal dehydration.
Condensation on the lens, but this can be avoided with proper draping [39].

Three-Dimensional Viewing

Recently, three-dimensional (3-D) viewing techniques for vitreoretinal surgery
were introduced as an alternative to traditional viewing through microscope oculars.
With 3-D viewing systems, images from the microsurgical field are displayed on a
flat screen via a 3-D camera. The microscope head must still be positioned properly,
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Fig. 7.18 Early contact
lens for vitrectomy surgery

Table 7.2 Wide angle viewing systems

Contact Noncontact
Magnifica |Field of Manufac Field of
System Manufacturer | tion view System turer view
MiniQuad Volk Optical |0.48x 106°/127° | Binocular Indirect |Oculus 130°
Ophthalmoscopy
(BIOM) HD
Disposable Lens

MiniQuad XL | Volk Optical |0.39x 112°/134° | Optic Fiber Free | Topcon 130°
Intravitreal Surgery

System (OFFISS)
120D
HRX Volk Optical |0.43x 130°/150° | Merlin Wide Angle | Volk Optical | 120°
ASC Lens
Landers Wide Ocular 0.38x 130°/146° | RESIGHT 500/700 | Carl Zeiss | 120°
Field 128 D
Single Use Katena 0.42x 155° Peyman-Wessels | Ocular 135°
Surgical Wide Landers (PWL)
Field 132 D Upright
Vitrectomy Lens
A.V.I. Panoramic | Advanced 0.48x 130° EIBOS 2 SPXL Haag-Streit |124°
Viewing System | Visual 132D
Instruments
(A.V.L)

but visualization is independent of the oculars and requires the use of 3-D glasses
for stereopsis. The single display allows multiple observers to view the 3-D surgical
field. Through digital amplification of camera signals, lower illumination settings
can be used, which can potentially reduce risks of phototoxicity [45]. 3-D viewing
also has the potential to improve ergonomics compared to conventional binocular
microsurgery [46]. The Ngenuity (Fig. 7.19, Alcon, 2016) is the only commercially
available system currently.
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Fig. 7.19 Ngenuity 3-D
viewing system (Photo
courtesy of Alcon)

Hllumination and Filters

Initial vitrectomy was performed with coaxial light from the operating microscope
and later a modified slit-lamp affixed to the operating microscope (Fig. 7.20) [47].
In order to deliver intraocular illumination, Machemer and Parel placed fiberop-
tics around the VISC cutter (Fig. 7.21a) in 1974 and Peyman mounted a separate
fiberoptic light source attached to the vitrophage cutter in 1976 (Fig. 7.21b) [7,
48]. However, as early as 1974 the concept of separating the light source from the
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Fig. 7.20 Ophthalmic
surgical microscope
equipped with slit lamp
(Reproduced with
permission from Parel,
J-M., R. Machemer, and
W. Aumayr. “A New
Concept for Vitreous
Surgery: 5. An Automated
Operating Microscope.”
American journal of
ophthalmology 77.2
(1974): 161-168)

Fig. 7.21 (a) [lluminated
VISC (Reproduced with
permission from Parel, J-M.,
R. Machemer, and

W. Aumayr. “A new concept
for vitreous surgery: 4.
Improvements in
instrumentation and
illumination.” American
Jjournal of ophthalmology
77.1 (1984): 6-12.) (b)
Illuminated vitrophage

S. Idrees et al.
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vitrector was introduced, by O’Malley and Heintz; this is currently standard prac-
tice for vitrectomy surgery [10]. The first light probes used halogen bulbs [49]. In
order to improve illumination, xenon light sources were introduced. Theoretically
the short wavelength of light emitted by xenon lamps could increase the rate of
photochemical damage [50]. Light-emitting diode (LED) light sources coupled
with smaller gauge instrumentation have the potential to allow reduction of the total
amount retinal light exposure and can be used without a fiber [51]. A mercury vapor
illuminator (Synergetics Inc., O’Fallon, Missouri, USA) was developed to provide
powerful illumination and uses a dual-output pathway from one mercury vapor bulb
with spherical reflectors adapted to generate homogenized illumination and sharpen
the focus light spot. Spectral filters, also known as pass filters, have been introduced
to eliminate hazardous wavelengths from the emission spectrum of light probes
[52]. Many modern endoillumination devices have built in some variant of a yellow
pass filter to screen lower wavelengths [50].

The structure of the light probes also determines the field of illumination. Straight
light probes provide a field of view of 50-80°. Mid-field light probes provide a field
of view of 90—110° [53-55]. Wide-angle light probes provide a field of view of up to
135-140°. Chandelier light sources illuminate from a greater distance than conven-
tional light probes, reducing the risk of photochemical damage. Additionally, the
use of chandeliers frees up the surgeon’s hand from having to hold the light source
and allows bimanual manipulation during surgery [56].

Chromovitrectomy

Chromovitrectomy refers to the use of dyes during vitreoretinal surgery to aid in the
identification of preretinal membranes or tissues [57]. The concept was introduced by
Kazauki Kadonosono in 2000 when he reported the use of indocyanine green (ICG)
to stain the internal limiting membrane (ILM) in macular hole surgery to improve
ILM visualization and facilitate its removal [58]. However, suspected toxicity to
the neuroretina and retinal pigment epithelium from ICG use has been reported and
observed to be dependent upon the dye concentration, osmolarity of the solvent solu-
tions, length of dye exposure time, and vitrectomy endolight illumination time [59].
Membrane Blue (trypan blue 0.15%, DORC, Zuidland, the Netherlands) is a dye that
is FDA-approved for epiretinal membrane (ERM)/ILM peeling but is generally not
as effective as ICG. Brilliant blue G is also used for this ERM/ILM peeling, but it
is not FDA-approved for this indication. Triamcinolone acetonide is used to stain
the vitreous to ensure complete removal of the vitreous during surgery and can stain
ERMs, but is not FDA-approved [60]. Triesence® (Alcon, Fort Worth, TX, USA) is
a preservative-free preparation of triamcinolone acetonide that is FDA-approved for
intraocular use including use for vitreous visualization in intraocular surgery.
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Lensectomy and Phacoemulsification

Pars plana lensectomy or phacoemulsification from an anterior approach can be
performed during or prior to vitrectomy when visualization of the fundus is limited
due to dense cataract. Modern vitrectomy systems have the capability to perform
pars plana vitrectomy as well as anterior segment phacoemulsification. However,
many surgeons prefer to use pars plana lensectomy, especially when the crystalline
lens is severely subluxated or dislocated, or there is retained lens material in the
vitreous cavity. Historically pars plana lensectomy has been performed with the
use of a 20 gauge fragmatome, requiring a conjunctival peritomy, a 20 gauge scle-
rotomy, and suture-closure of wounds [61-68]. Since the advent of smaller gauge
transconjunctival vitrectomy, many retina surgeons use a combination of smaller
gauge vitrectomy instrumentation and either enlarge one sclerotomy or create a sep-
arate sclerotomy for a larger gauge fragmatome instrument [69]. The Constellation
Vision System (Alcon) uses a 20 gauge fragmatome, while both the EVA (DORC)
and Stellaris PC/Elite (Bauch + Lomb) systems now have the option of a 23 gauge
fragmatome for removal of lens material (Fig. 7.22) [70, 71]. The vitreous cutter can
also be used for lens removal but this may require a longer time for dense cataract
material.

Instrumentation

The evolution of vitrectomy surgery and its applications is closely linked to the
development of new instrumentation. While many retinal surgeons were key devel-
opers of various different instruments, Steve Charles has been one of the most influ-
ential developers of instruments and surgical techniques (Fig. 7.23).

Fig. 7.22 (a) Constellation a
20 gauge fragmatome. (b)

Bausch + Lomb 23 gauge
fragmatome. (¢) DORC 23

gauge phaco/fragmatome
handpiece with

fragmentation needle b
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Fig. 7.23 Dr. Steven
Charles who has developed
multiple vitreoretinal
surgical instruments and
techniques

Forceps

Various different forceps have been designed for different purposes in vitreoreti-
nal surgery. Internal limiting membrane (ILM) forceps are designed with a small
platform at the tip, which can be used to remove ILM through the pinch-peel tech-
nique or in combination with scrapers. Serrated forceps are designed to provide a
stronger grip on tissues, for manipulation of thick and heavy membranes, such as
those encountered in proliferative vitreoretinopathy or severe proliferative diabetic
retinopathy. Micro-textured grasping forceps are designed to provide a strong grip
on less thick or heavy membranes, while producing less tissue trauma [27].

Membrane Scrapers

Bausch + Lomb has developed multiple membrane scrapers, including the Tano and
variations on this device [72]. The Extendible Diamond Dusted Sweeper (DORC)
is a similar membrane scraper to the Tano instrument. The FINESSE Flex Loop
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(Alcon) is a nitinol flexible extendible loop scraper that can be used to create an edge
to lift the ILM or an epiretinal membrane [73]. The force applied to the retina by the
can be adjusted based upon whether the loop is partially or fully extended [74].

Scissors

Horizontal scissors are used to cut retinal bands and tractional components near the
retinal surface. Illuminated horizontal scissors are available from some manufactur-
ers, which are useful during bimanual surgery and minimize the need for chandelier
placement. Vertical scissors can have a sharp anterior edge to optimize close dissec-
tion, tissue segmentation, and delamination techniques. Vertical scissors are used
in complex proliferative cases with multiplane tractional bands. Curved or angled
scissors follow the contour of the eye to minimize retinal trauma and are better for
segmentation and delamination [27, 74].

Extrusion Cannulas

Soft-tip extrusion cannulas are useful to allow a more complete removal of fluid by
enabling closer approach to the retinal tissue than the cutter. Newer soft-tip can-
nulas have retractable tips for greater ease with insertion through a valved cannula.
Backflush cannulas allow for active and passive aspiration of fluid (not vitreous).
Furthermore, the backflush feature can be used if retinal incarceration occurs at the
tip and can be used to disperse blood settled on the retina [75, 76].

Endolasers

Endolasers are used in vitreoretinal surgery to perform pan-retinal photocoagula-
tion, laser to the edges of retinal breaks, cauterize bleeding vessels, ablate retinal
and choroidal tumors, and perform endophotocyclocoagulation [77]. Early endola-
sers were straight, but newer endolasers with a curved tip are now available for
easier access to the far periphery. Articulating endolasers allow continuously adjust-
able articulation up to 45° and improves access to the far periphery. The probe
is semi-rigid, which makes insertion through a valved cannula easier. Illuminated
laser probes are available in curved or extendable forms and can potentially improve
peripheral viewing during laser and facilitate simultaneous depression and laser
without the help of an assistant or the need for chandelier illumination. Aspirating
laser probes provide the capacity for simultaneous endolaser and aspiration, which
minimizes the need for instrument exchanges and potentially decreases total surgi-
cal time.
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Diathermy

The most common uses for diathermy in vitreoretinal surgery is to cauterize bleed-
ing retinal vessels for hemostasis and to create drainage retinotomies. External dia-
thermy application to a leaking sclerotomy has been reported effective in sealing the
surgical wound [78-80].

Perfluorocarbon Liquid

Stanley Chang (1987) introduced low viscosity fluorocarbons as an intraopera-
tive adjunct during vitreous surgery for retinal detachments (Fig. 7.24) [81]. The
high density and specific gravity of perfluorocarbon liquid allows reattachment
of the retina and unrolling of retinal folds without having to use operating bed
which enabled prone positioning of patients during the surgical repair (Fig. 7.25).
Perfluorocarbon liquid can also prevent the need for a drainage retinotomy to
drain subretinal fluid. For these reasons, perfluorocarbons have become used in the
treatment of giant retinal tears and proliferative vitreoretinopathy. Additionally,
the optical clarity of perfluorocarbon liquid allows for surgical manipulation
beneath it, such as “floating” crystalline lens fragments off the macula for sub-
sequent lensectomy. Its immiscibility with water provides a clear operating fluid
in the setting of intraoperative hemorrhage. Perfluorocarbons are biologically
inert, but evidence indicates that they are toxic when retained in the eye for lon-
ger periods of time [82]. Despite some concerns of toxicity, some studies have
demonstrated benefit from using perfluorocarbon liquids as short term tamponade

Fig. 7.24 (a) Dr. Stanley Chang, the inventor of perfluorocarbon. (b) Perfluorocarbon used intra-
operatively to flatten the retina
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Fig. 7.25 Inverted surgical
bed used for vitreoretinal
surgery

agents, ranging from 7 days to 3 months, in patients with inferior or complex
retinal detachments [8§3—-86]. Subretinal perfluorocarbon in the fovea is visually
significant and generally requires removal.

Subretinal Injections

Subretinal injections are performed for several indications. Subretinal tissue plas-
minogen activator (tPA) with or without air has been reported to displace submacu-
lar hemorrhage [87-93]. More recently, gene therapy through subretinal delivery
of a viral vector has been performed effectively for with specific retinal dystro-
phies [94-97]. Luxturna (Voretigene neparvovec-rzyl, Spark Therapeutics Inc.,
Philadelphia, Pennsylvania, USA) is an FDA approved subretinal gene therapy for
patients with inherited retinal disease due to mutations in both copies of the RPE65
gene. Subretinal injection of human embryonic stem cell (HESC) and induced plu-
ripotent stem cell (iPSC)-derived RPE cells/sheets for macular degeneration have
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been performed in clinical trials [98—101]. There are multiple reusable and dispos-
able small cannulas (as small as 41 gauge) that are available for subretinal injection
through trocars. New instruments are being developed to facilitate subretinal RPE
cell sheet delivery [102].

Scleral Buckling

Scleral buckling (SB) can be used to treat primary rhegmatogenous retinal detach-
ments, most commonly in phakic eyes [103]. Scleral buckling involves placement
of solid or porous silicone buckling elements—encircling, radial, or both—in order
to support equatorial or pre-equatorial breaks and reduce traction from the periph-
eral vitreous. The elements are either sutured to the sclera or placed through scleral
tunnels [104]. Once closure of the retinal breaks is achieved, the retinal pigment
epithelium pump removes subretinal fluid resulting in retinal reattachment [105,
106]. The breaks can be sealed with cryopexy and gas tamponade can be used to
aid retina reattachment. SB may be combined with PPV. A prospective random-
ized clinical trial of 681 eyes with medium complexity rhegmatogenous retinal
detachments showed that SB showed a benefit with regards to visual improvement
in phakic eyes, but PPV had a better anatomic outcome in pseudophakic patients
compared to SB [105]. In cases of proliferative vitreoretinopathy, the combination
allows support of the vitreous base and the ability to address membranes and/or
perform a retinectomy. One retrospective study found the combination of PPV and
SB to lead to better outcomes than PPV alone in retinal detachments that were at
risk to develop PVR [107].

Numerous intrascleral implants have been used in scleral buckling surgery,
including polyethylene, silicone, and gelatin implants. In 1985, episcleral hydrogel
implants (MIRAgel, MIRA Inc., Waltham, Massachusetts, USA) were introduced
as an alternative to silicone for treatment of rhegmatogenous retinal detachment.
The material was thought to have the potential to decrease risk of scleral erosion due
to its soft, pliable characteristics. However, after several years, it was discovered
that the hydrolytic degradation of the MIRAgel material caused progressive swell-
ing of the explant and subsequent strabismus, ptosis, scleral erosion, conjunctivitis,
and infection [108]. These implants are no longer used.

In one study of 728 eyes that underwent scleral buckling, the incidence of ero-
sion was analyzed based upon the type of implant used. The study found that ero-
sion occurred in 62.3% of eyes with polyethylene tubes compared with 3.8% in eyes
with solid silicone implants with silicone circling bands. The use of solid silicone
implants and circling bands has greatly reduced the issue of implant erosion [109].

Chandelier-assisted SB uses chandelier endoillumination and a wide-angle fun-
dus viewing system in lieu of an indirect ophthalmoscope. The advantages of this
technique are better visualization, improved ergonomics, and increased familiarity
for predominantly vitrectomy trained surgeons [110]. However, chandelier insertion
carries the risk of cataract from lens touch, and new breaks from vitreous traction
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during eye manipulation [111, 112]. Use of an illuminated scleral depressor is a
novel technique to improve localization of retinal breaks. This method uses a 20G
light pipe with a bent tip as an illuminated scleral depressor to see the break in
greater detail and screen suspect areas [110].

Tamponade Agents

Tamponade agents are used to provide surface tension across retinal breaks in vit-
rectomy for rhegmatogenous retinal detachment repair. They prevent further fluid
flow into the subretinal space until the retinopexy via photocoagulation or cryopexy
provides a permanent seal. Gases and silicone oil (SO) are the most commonly
used classes of tamponade agents. The use of tamponade agents for the treatment of
retinal detachment was first described in 1911 by Joh Ohm who successfully treated
two patients with intravitreal sterile air [113]. In 1962, Paul Cibis described the use
of liquid silicone for the management of retinal detachment [114]. The use of inert
expansile gas sulfur hexafluoride (SFs) was described in 1973 by Edward Norton as
a vitreous substitute [115].

Currently, the most common gas tamponades in the US are air, SFs, and per-
fluoropropane (C;Fg) [116]. Air is nonexpansile. SFg 100% expands two times over
1-2 days and C;Fg 100% expands about four times over 3—4 days [117]. Small vol-
umes (0.5 cm? or less) of undiluted gas are generally used for pneumatic retinopexy.
Diluted gas to fill the vitreous cavity is typically used for PPV at non-expansile con-
centrations (SFs 20% and C;Fg 14%). Gas tamponade agents resorb spontaneously
from the vitreous cavity over an average period of 5-7 days for air, 2 weeks for SF4
20%, and 8 weeks for C;F; [118].

The Silicone Study was a prospective multicenter randomized clinical trial that
compared 1000 centistoke silicone oil to SFg 20% or C;Fs 14% in patients with reti-
nal detachment associated with proliferative vitreoretinopathy, which reported that
anatomic and visual outcomes after 1 year was significantly better with SO compared
to SF¢ and not significantly different for SO compared to C3Fg [119]. A 6-year follow
up of the Silicone Study reported that, among subjects whose macula was attached at
36 months, there were no significant anatomic or visual outcome differences among
SO, SFs, and C;Fs groups [119]. The European Vitreo-Retinal Society (EVRS)
Retinal Detachment Study reported no significant difference in failure rate between
tamponade with gas versus SO in patients with proliferative vitreoretinopathy [120].

In the USA, the most commonly used viscosities of silicone oils are 1000 and
5000 centistokes [121]. Due to the lower specific gravity of gases (0.001 g/mL) and
silicone oils (0.97 g/mL) compared to vitreous (1.005-1.008 g/mL), these tampon-
ade agents float in the vitreous cavity [122]. For this reason, gases and SO provide
less effective tamponade for inferior breaks without a full fill of the vitreous cavity.
Heavier-than-water tamponades, such as heavy silicone oils and perfluorocarbon
liquids, are used as tamponade agents for inferior retinal breaks [123—127]. Heavy
silicone oils are available for clinical use in many nations but not the United States.
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Postoperative Considerations and Complications

Over the years PPV has evolved with the development of smaller and faster vit-
rectomy systems. Transconjunctival small-gauge instruments have provided the
advantages of decreased operating time, self-sealing scleral wounds, decreased
postoperative pain and inflammation, decreased astigmatism, and faster visual
recovery over traditional 20 gauge instruments [128-132]. PPV and SB are now
typically outpatient procedures with follow up 1 day after surgery. However, alter-
native postoperative visits on the same day as surgery and 3 or more days after
surgery have been reported [133, 134].

Overall, PPV has one of the lowest rates of endophthalmitis among intraocular
surgical procedures [135]. As small-gauge transconjunctival PPV gained popularity,
concerns arose about increased rates of endophthalmitis with 25 gauge transcon-
junctival sutureless vitrectomy. A retrospective study in 2007 examined 8600 PPV
patients and reported a 12-fold higher incidence of endophthalmitis in 25 gauge
PPV compared to 20 gauge PPV [136]. However, later studies reported no signifi-
cant difference in endophthalmitis rates between 20 gauge PPV and small incision
vitrectomy [137, 138].

With regards to post-operative retinal detachment complications, a retrospec-
tive study of 2432 vitrectomies reported a similar incidence of post-surgical retinal
detachment after sutureless 23 gauge and 25 gauge PPV compared to 20 gauge PPV
[139]. Another retrospective study of 4274 vitrectomies comparing intraoperative
complications of 23 gauge versus 20 gauge PPV showed that 23 gauge PPV had
a lower risk of choroidal hemorrhage and iatrogenic retinal tears compared to 20
gauge PPV, especially for eyes with rhegmatogenous retinal detachment [140].

Other post-operative complications of vitrectomy include cataract progression,
cystoid macular edema, hypotony, and sympathetic ophthalmia [141, 142].

Future Advancements in Vitreo-Retinal Surgery

Recent developments in vitreo-retinal surgery have led to advances in surgeon capa-
bilities, visual outcomes, and patient safety. Robotic vitreo-retinal surgery is a rap-
idly emerging technology within this domain. Early robotic vitreo-retinal surgical
techniques have been aimed at tremor cancellation, improved precision, enhanced
dexterity, force sensing and micron-scale distance sensing [143—147]. The use of
robotics in vitreo-retinal surgery has been limited by the lack of broad clinical expe-
rience among potential users and challenges to implementation.

Four-dimensional (4-D) OCT imaging has been introduced recently for use
intraoperatively to provide enhanced visualization of volumetric tissue deforma-
tion. It has been used in vitreo-retinal surgical cases for macular hold, ERM,
myopic foveal schisis, diabetic macular edema, and retinal detachment. 4-D OCT
imaging has the potential to provide enhanced intraoperative visualization from
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multiple perspectives, precise determination of instrument distance from the ret-
ina, and visualization of retinal contour deformation during and after surgical
manipulation. This technology is presently limited by image quality and resolu-
tion [148].

Summary

Vitreoretinal surgical techniques have evolved in the last 50 years largely due to the
development and evolution of PPV. Developments include smaller gauge instru-
mentation, faster cut speeds, enhanced illumination techniques, microscopes, and
perfluorocarbon liquids. These advancements have improved the safety and efficacy
of vitrectomy and allowed surgeons to more effectively treat a wide variety of con-
ditions, including complications of diabetic retinopathy, macular holes, and retinal
detachments.
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