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ABSTRACT

Ophthalmic viscoelastic devices (OVDs) are
currently used in cataract surgery and have
significantly improved the safety and effective-
ness of this surgical procedure. OVDs are clas-
sified according to the zero-shear viscosity and
the cohesion-dispersion index in cohesive, dis-
persive, and viscoadaptives. OVDs create and
maintain anterior chamber depth and visibility,
protecting the corneal endothelium and other
intraocular tissues during surgery. The selection
of the most adequate OVD is especially relevant
when performing cataract surgery in challeng-
ing cases, such as in hard, mature cataracts, flat
anterior chamber, pseudoexfoliation syndrome,
intraoperative floppy iris syndrome, or glau-
coma surgery. In such cases, OVD is crucial for
facilitating the surgical procedure and the
associated minimal complication rate. The use
of a combination of OVDs (soft-shell technique
and modifications), the use of blue-colored

OVDs, and the combination of sodium hyalur-
onate with lidocaine have also been described as
useful tools in some of these challenging cases.
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Key Summary Points

This review article presents an overview of
ophthalmic viscoelastic devices (OVDs)
and their application in difficult cases in
ophthalmology

OVDs in cataract surgery protect ocular
structures from mechanical trauma,
divide tissue, create space, resolve
adhesions, act as a wetting agent, or as an
instrument to facilitate the surgical
procedure

Good knowledge of all OVD types is
mandatory for ophthalmic surgeons to
achieve the best results
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INTRODUCTION

In 1934, hyaluronic acid was identified by Karl
Meyer and John Palmer (Columbia University,
New York) as an isolate from the vitreous body
of cows, a fact that is considered to be the
beginning of the development of ophthalmic
viscoelastic devices (OVDs) for ocular surgery
[1]. Indeed, hyaluronic acid is currently con-
sidered the first precursor of modern OVDs. This
substance is a linear polysaccharide molecule
consisting of sodium glucuronate and N-
acetylglucosamine that has very good wetting
and water binding properties, acting also as a
lubricant [1]. A Hungarian chemist, Endre
Balazs, later managed to extract pure hyaluronic
acid from rooster combs, suggesting the use of
this viscoelastic substance in orthopedics and
ophthalmology, initially as a vitreous substitute
[2].

The first clinical use of sodium hyaluronate
1% during cataract surgery was carried out by
Drs. Robert Stegmann and David Miller in 1979
[3]. A short time later (1980–1983), the com-
pany Pharmacia started the worldwide market-
ing of this substance for ocular surgery,
obtaining official approval by the US Food &
Drug Administration (FDA) [4]. Ophthalmic
surgeons, including pioneers such as Steve A.
Arshinoff, soon started testing and exploring
these substances in the clinical daily routine [5].
Around the same time, Fechner described the
use of 1% methylcellulose to maintain the vol-
ume of the anterior chamber during cataract
surgery, being presented as a cheaper alternative
to hyaluronic acid [6].

OVDs are currently used in cataract surgery
and have significantly improved the safety and
effectiveness of this surgical procedure [7, 8].
Specifically, OVDs create and maintain anterior
chamber depth and visibility as well as protect
the corneal endothelium and other intraocular
tissues during surgery [7, 8]. Currently, there are
a growing number of commercially available
OVDs, differing in rheologically active poly-
meric substances, concentrations, and chain
lengths [9, 10]. Specifically, differences among
OVDs in these factors determine their level of

cohesion, viscosity, and elasticity, as well as
other physical and chemical properties [10].

The protective effect of OVDs is especially
relevant in challenging cases, such as in hard
cataract surgery [11] or flat anterior chamber
cases [12], minimizing the impact of the surgi-
cal procedure on the intraocular tissues and
therefore contributing to a faster recovery [7, 8].
The aim of the current narrative review was to
compile all the scientific evidence concerning
the utilization of OVDs in challenging cases,
defining specific uses of these substances and
their real clinical benefit.

TYPES OF OVD

Classification of OVDs

OVDs are a class of non-active, clear, gel-like
chemical compounds with viscous and elastic
properties [9, 10]. Most OVDs have the same
three main components, which are sodium
hyaluronate (NaHA), chondroitin sulfate (CS),
and hydroxypropyl methylcellulose (HPMC)
[9]. Hyaluronate is present in almost all con-
nective tissues of vertebrates and consists of a
relatively long linear polysaccharide molecule,
playing an important role during embryonic
development and growth [13]. Likewise, sodium
hyaluronate plays a certain role in intercellular
interaction, cell matrix adhesion, cell mobility,
and extracellular organization, accelerating the
wound healing processes and representing a
natural biological wetting substance [13]. CS is a
polysaccharide and, like hyaluronic acid, is
present primarily in solid tissue parts (e.g., car-
tilage or corneal stroma) of the extracellular
matrix [9]. For its use as an OVD, it is primarily
obtained from shark fin cartilage, having a
molecular weight of approximately 20,000 Da
[9]. Methylcellulose is a polysaccharide that is
found in cotton and wood [9], but not in ani-
mals or humans, being commonly used as a
lubricant owing to its good wetting and coating
properties [14]. The human body cannot fully
metabolize methylcellulose and therefore resi-
dues or remnants can lead to inflammation [15].

Differences in the specific properties of each
OVD are not only due to differences in chemical
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composition but also to differences in concen-
tration, molecular weight, and size of the
molecular building blocks of the material
[9, 10]. The rheological properties of OVDs
determine their behavior and the potential
benefit of using them in specific situations. The
following properties that act synergistically are
used to characterize each OVD [10, 16]:

• Viscosity: it describes the flow resistance of
OVD. Viscosity changes with different flow
rates. The faster an OVD flows, the more the
viscosity decreases. This is measured in the
ease of injection of the material and is
crucial for the mobilizing effects of OVDs
during surgery. It is important to note that
the viscosity of an OVD is higher when the
molecular weight at low shear rate increases
[17].

• Viscoelasticity: it describes the elastic com-
ponent of the OVD. Therefore, it represents
the ability to return to its original shape after
being subjected to an external force.

• Pseudoplasticity: it is the property of OVDs
to change from a highly viscous state at rest
to an aqueous state at higher shear rates.

Initially, OVDs were classified into two main
groups, cohesive and dispersive, according to
their rheological properties (Table 1, Fig. 1) [9]:

• Cohesive OVDs: they are high-viscosity
materials with intramolecular adhesion and
entanglement that are particularly useful to
create and maintain space in the anterior
chamber for a long time [18–22]. Cohesive
OVDs form as a mass and they are easier to
be removed as a kind of bolus at the end of
the surgical procedure [23].

• Dispersive OVDs: they are low-viscosity
materials with good adherence properties to
intraocular structures and instruments, pro-
viding special protection to the corneal
endothelium during phacoemulsification
[16, 18–22, 24, 25]. However, they are more
fragile as a result of their short molecular
chains and consequently are more difficult
to be remove after finishing surgery [16, 26].
This may result in postoperative OVD resi-
dues in the anterior chamber, which can lead

to an increase of intraocular pressure (IOP)
[27].

The classical classification of OVDs into
cohesive and dispersive describes the intraop-
erative behavior of the various OVDs due to
their rheological properties [9]. This classifica-
tion was updated considering the analysis of
zero-shear viscosity and the cohesion-disper-
sion index (CDI) [9]. According to this, OVDs
are currently classified into four broad cate-
gories: cohesive (CDI C 30%asp/mmHg), dis-
persive (CDI\ 30%asp/mmHg), viscoadaptives,
and combined agents or dual viscoelastic sys-
tems [9].

Cohesive OVDs

As previously mentioned, cohesive OVDs show
high viscosity and act like a gel [9]. They can be
divided into superviscous (105–106 millions)
and viscous (105–106 hundreds of thousands),
depending on the range of zero-shear viscosity
[9]. Cohesive OVDs adhere well to themselves
through intramolecular interactions and can
therefore resist cleavage [16]. They generate a
certain back pressure, having high surface ten-
sion and a high degree of pseudoplasticity due
to their high molecular weight with long
chains. Therefore, cohesive OVDs are excellent
devices to create space and flatten the anterior
capsule during capsulorhexis, especially in
hyperopic eyes with a flat anterior chamber
[16]. Likewise, they can be used to inflate the
capsule during the intraocular lens (IOL)
implantation process to facilitate a safe inser-
tion of the implant [16]. Examples of commer-
cially available cohesive OVDs are Provisc
(Alcon), Healon/Healon GV (Johnson & John-
son Vision), Healon GV (Johnson & Johnson
Vision), Pe-Ha-Luron F (Albomed GmbH),
Ophteis Bio/FR/ ? /MAX (Rayner), Provisc
(Medline Industries, Inc.), ArtiVisc/ArtiVisc plus
(Ophtec), Biolon (Amring Pharmaceuticals
Inc.), Opegan Hi (Santen), HyVisc (MicroVisc),
AJL Visc (AJL Ophtalmic), or Amvisc/Amvisc
Plus (Bausch & Lomb) (Table 2).
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Dispersive OVDs

Dispersive OVDs, owing to their lower viscosity
and high coating ability, can coat intraocular
structures and better adhere to them by
enveloping them like a layer [9]. Their mole-
cules behave separately and form a solution
with low pseudoplasticity and surface tension,
short chains, and low molecular weight, which
acts like honey [9]. As a result of these charac-
teristics, dispersive OVDs remain in place
longer, having a better protective effect of the
corneal endothelium and other intraocular tis-
sues [9]. Most OVDs are also suitable to lubricate
injector cartridges to make the sliding and
injection of the folded intraocular lens easier,

and can even be applied to the outer parts of the
eye (epithelium) if the surgical procedure is very
long [9]. Likewise, dispersive OVDs can better
divide rooms and compartments, being espe-
cially useful after a posterior capsule tear [9].
However, as mentioned above, complete
removal of dispersive OVDs from the eye is
somewhat more complex and possible residue/
OVD remnants may lead to an increase in
intraocular pressure [16, 26, 27]. Examples of
commercially available dispersive OVDs are
Viscoat (Alcon), Healon D (Johnson & John-
son), Pe-Ha-Visco (Albomed GmbH), Opelead
(Shisheido), Opegan (Santen), DisCoVisc (Al-
con), Biovisc (Sophia Lab), Methylvisc (Rayner),
Cellugel (Alcon), Vitrax (Johnson & Johnson),
AJL Cell (AJL Ophthalmic), Celoftal (Alcon),
Adatocel (Bausch & Lomb), Ocuvis (Vistamex),
and OcuCoat (Bausch & Lomb) (Table 2).

Viscoadaptive OVDs

A new class of OVDs was introduced with the
commercial release of Healon 5 from Johnson &
Johnson, a viscoadaptive OVD. These sub-
stances behave as super-cohesive viscoelastic
substances, exerting pressure and creating more

Table 1 Specifications of cohesive and dispersive OVDs

Cohesive Dispersive

High viscosity Lower viscosity

High molecular weight Low molecular weight

Long chain molecules Short chain molecules

More solid More liquid

Act like a gel Adhesive and protective effect

High surface tension and high degree of

pseudoplasticity

Low pseudoplasticity and surface tension

Adhere to themselves through

intramolecular bonds

Adhere to external surfaces like tissues and instruments, lubricate injector

cartridges/intraocular lenses

Create space High coating ability

Induce and sustain pressure Better ability to divide rooms and compartments/partition spaces

Easier to remove Complete removal complex/residues/IOP

Fig. 1 Classification of OVDs according to their rheo-
logical properties
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space [9, 27]. They are pseudo-dispersive and
ultra-viscous cohesive, with a CDI C 30 (%asp/
mmHg) and within a zero-shear viscosity range
from 7 to 18 9 106 (tens of millions) [9]. As
these OVDs can have different flow rates, they

can also offer protection for structures, such as
the corneal endothelium [8, 27]. Examples of
commercially available viscoadaptive OVDs are
Healon 5 (Johnson & Johnson), iVisc (MicroVisc
Phaco), and BD MultiVisc (MicroVisc Phaco).

Table 2 Summary of most common OVDs

OVD type OVD name Composition Manufacturer

Cohesive OVDs Healon 1% NaHa Johnson & Johnson Vision, Santa Ana,

CaliforniaHealon GV 1.4% NaHa

Pe-Ha-Luron�F 1.0/1.4/1.6/1.8/3.0% NaHa Albomed GmbH, Schwarzenbruck,

GermanyPe-Ha-Blue�
PLUS

1.7% NaHA

Trypan blue (0.020 mg/ml)

Amvisc 1.2% NaHa Bausch & Lomb, Rochester, NY

Amvisc Plus 1.6% NaHa

Z-Hyalin 1.0% NaHa Carl Zeiss Meditec AG, Jena, Germany

Provisc 1% NaHa Alcon, Fort Worth, TX

Dispersive OVDs Viscoat 4% Sodium chondroitin sulfate, 3%

NaHa

Alcon Laboratories, Inc., Fort Worth,

Texas

Healon D 1% NaHa Johnson & Johnson Vision, Santa Ana,

California

OcuCoat 2% HPMC Bausch & Lomb, Rochester, NY

Pe-Ha-Visco� 2% HPMC Albomed GmbH, Schwarzenbruck,

Germany

Pe-Ha-Visco�
PLUS

2.4% HPMC Albomed GmbH, Schwarzenbruck,

Germany

Viscoadaptive

OVDs

Healon 5 2.3% NaHa Johnson & Johnson Vision, Santa Ana,

California

Micro Visc Phaco 2.5% NaHa Bohus Biotech

Combination

agents

DiscoVisc 1.7 NaHA

4% Chondroitin sulfate

Alcon Laboratories, Inc., Fort Worth,

Texas

CombVisc 1.5/3.0% NaHA Carl Zeiss Meditec AG, Jena, Germany

Amvisc Plus 1.6% NaHa Bausch & Lomb, Rochester, NY

OVD with

lidocaine

VisThesia 1.0% Lidocaine hydrochloride Carl Zeiss Meditec AG, Jena, Germany

OVD with trypan

blue

Pe-Ha-Blue�
Plus

1.7% NaHa

0.020 mg/ml Trypan blue

Albomed GmbH, Schwarzenbruck,

Germany

HPMC hydroxy-propyl-methylcellulose, NaHa sodium hyaluronate
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Combination of OVDs or Dual Viscoelastic
Systems

Although there are some OVDs that share
cohesive and dispersive properties, such as Dis-
CoVisc (Alcon) or Amvisc Plus (Bausch & Lomb)
[10, 20, 26, 28], cohesive and dispersive OVDs
can be combined directly with the goal of
obtaining the advantages of both [29]. The
objective of these dual viscoelastic systems is to
obtain long-lasting protection of the intraocular
structures and corneal endothelium (dispersive
characteristics), but also to facilitate the capsu-
lorhexis and IOL implantation as well as its
removal at the end of the surgery (cohesive
characteristics) [7, 29]. Dual viscoelastic systems
incorporate a dispersive OVD and a cohesive
OVD in separate syringes [7, 18, 30]. A current
example of a DuoVisc system that combines
Viscoat (dispersive) and ProVisc (cohesive) is
Twinvisc from Carl Zeiss Meditec (a combina-
tion of a dispersive and a cohesive OVD, both
comprising sodium hyaluronate, in a single
syringe separated by a bypass stopper system) or
the combination of Healon D with Healon or
Healon GV [7, 18, 30].

Another technique for combining OVDs is
the soft-shell technique described by Steve A.
Arshinoff in 1999 [31]. With this technique, two
viscoelastic agents are used simultaneously.
First, the dispersive OVD is injected into the eye
and the endothelium is coated. Afterwards, the
cohesive OVD is injected underneath to smooth
the anterior lens capsule and deepen the ante-
rior chamber as well as to push the dispersive
OVD further towards the endothelium [31]. If
the zonula is weak, the dispersive OVD can
divide the eye and push the vitreous body
backwards, while the cohesive OVD forms the
anterior chamber and keeps it under pressure
[31].

OVD SELECTION IN CATARACT
SURGERY

OVDs have become indispensable tools in
modern cataract surgery, having a great impact
on the success of the surgical procedure and on
the IOL preparation/implantation process [7].

Several OVD types can be used for different
purposes and at different stages during surgery.
For example, the use of a cohesive OVD can
help to enlarge a small and unresponsive pupil,
to smooth the front capsule [17, 20–23], and to
create space by deepening the anterior cham-
ber, whereas a dispersive OVD is the best option
to protect the corneal endothelium over a
longer period [8, 19, 21, 22, 24]. A dispersive
OVD is also needed when preparing an IOL,
lubricating a cartridge, or folding a lens, but it is
more difficult to be removed from the eye and
more likely to increase the IOP
[16, 18, 23, 24, 26]. For these reasons, there are
also systems containing both types of OVD,
cohesive and dispersive, as previously men-
tioned [7, 18, 29, 30]. Likewise, there are specific
surgical strategies, such as the soft-shell tech-
nique [31], which use both OVD types in layers
on top of each other. The goal of all these
approaches is always to combine the advantages
of cohesive and dispersive substances.

The selection of the appropriate OVDs is
especially crucial in complex or challenging
cases, such as in hard cataracts [11, 32], flat
anterior chambers [12], narrow pupils and the
pseudoexfoliation syndrome [33], intraopera-
tive floppy iris syndrome [34], disinserted
zonular fibers [34], Fuchs endothelial dystrophy
[34], small holes in the posterior capsule with
protruding vitreous [34], and hypotonic eyes
due to previous glaucoma surgeries [35]. Indeed,
the type of OVDs used in such cases may
determine the success of the surgery, the post-
operative outcome, and consequently the
overall patient satisfaction. For this reason, it is
important to know the OVDs commercially
available and to understand their properties,
leading to different advantages and
disadvantages.

OVD SELECTION IN HARD
CATARACTS

Cataract surgery in eyes with hard brown cat-
aract or Brunescent and Morgagnian cataracts
remains a challenge for eye surgeons because of
the higher risk of complications, such as
nucleus drop, posterior capsule rupture, corneal
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burn, and corneal endothelial damage [11, 32].
Of particular relevance are the potential effects
of the longer surgical maneuvers and the higher
levels of ultrasound energy commonly used in
these cases on the corneal endothelium [36, 37].
For this reason, the use of dispersive OVDs
seems to be an adequate option to achieve an
optimal endothelial protective effect [32],
although the use of combined agents may be
adequate to facilitate also some surgical steps
[38]. Toprak and Yaylali [11] described in 2019
two maneuvers to be used in different steps of
phacoemulsification surgery in hard cataracts,
providing debulking of the central dense
nucleus and preventing posterior capsule rup-
ture. These authors recommended the use of a
cohesive OVD to fill the anterior chamber and
to protect the corneal endothelium. Likewise,
the OVD was used to inflate the capsular bag
before IOL insertion, retreating the posterior
capsule backward and safety preventing the
rupture of this thin layer [11]. Yuan et al. [32]
described the use of a cohesive OVD (sodium
hyaluronate 1.5% at a molecular weight of
2,000,000 to 2,500,000 Da) to facilitate the
extraction of the nucleus of a hard cataract.
Specifically, the authors described a technique
in which, after dislocation of the nucleus into
the anterior chamber and OVD injection to
protect the corneal endothelium and expand
the capsular bag, the OVD cannula was passed
beneath the nucleus, where more OVD was
injected to promote its lifting. Subsequently,
some pressure was applied to the posterior lip of
the tunnel incision by the angle of the OVD
needle, which allowed smooth extraction of the
nucleus with the efflux of the OVD [32].

In a case series, Miyata and coauthors [38]
demonstrated the safety and efficacy of corneal
endothelial protection using the soft-shell
technique (Healon ? Viscoat) in hard-nucleus
cataract eyes undergoing phacoemulsification
surgery. Fasce and colleagues [39] confirmed in
a randomized controlled clinical trial that the
use of a viscoadaptive OVD (BD Multivisc) was
as effective as the soft-shell technique (Bi-
olon ? Viscoat) in protecting the corneal
endothelium in Fuchs dystrophy during pha-
coemulsification in patients with hard lens
nucleus.

Moreover, it has been shown that viscodis-
section (rather than hydrodissection) in cases
with very loose zonules (e.g., pseudoexfoliation,
posttraumatic) is a safe and effective technique,
minimizing the risk of zonulolysis.

BLUE-COLORED OVDS IN EYES
WITH MATURE, DENSE CATARACTS
AND PSEUDOEXFOLIATION

The pseudoexfoliation syndrome (PSX) is a
complex age-related disorder characterized by
the progressive accumulation of abnormal
extracellular pseudoexfoliative material in ocu-
lar tissues, including the ciliary body, iris, iri-
docorneal angle, and lens capsule [40]. This may
complicate the performance of cataract surgery
due to pupillary abnormalities generated by this
condition, such as significant miosis and a
limitation of the dynamic pupillary pattern
[40]. Indeed, iris hooks or Malyugin rings are
sometimes needed for a mechanical pupil dila-
tion allowing the surgeon to have an adequate
visualization of the anterior segment [41]. A
new tool to facilitate the surgical procedure in
eyes with PSX and not reacting pupils is the use
of an OVD combined with a staining agent [33].
Currently, there is only one commercially
available system based on this concept that
combines a sodium hyaluronate OVD with try-
pan blue, Pe-Ha-Blue� PLUS (Albomed GmbH,
Schwarzenbruck, Germany). It is available in a
prefilled syringe to allow for the simultaneous
administration of the OVD and staining agent
in one single step [33]. The aim of this blue-
colored OVD is to deepen the anterior chamber,
to protect the corneal endothelium, and
simultaneously to stain the capsule, facilitating
the creation of the continuous curvilinear cap-
sulorhexis and surgery, and consequently min-
imizing the time needed for the procedure. A
recent comparative case series has demon-
strated that the use of this blue-colored OVD in
PSX eyes with not reacting pupils can provide a
statistically significant time gain in terms of
surgery duration compared to the use of a
standard clear OVD, with additional potential
benefits in surgeon satisfaction, postoperative
corrected distance visual acuity and IOP, as blue
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OVD remnants can be identified and removed
more easily [33].

OVDS IN EYES
WITH INTRAOPERATIVE FLOPPY IRIS
SYNDROME

In 2005, Chang and Campbell first described
the intraoperative floppy iris syndrome (IFIS) in
patients with benign prostatic hyperplasia and
systemic administration of alpha-A1 adreno-
ceptor antagonist tamsulosin [42]. This condi-
tion is characterized by a loss of the iris muscle
tone leading to significant pupil constriction
despite pupil dilatation with standard mydriatic
drugs before the initiation of cataract surgery.
IFIS can lead to an increased complication rate
in this type of eye surgery due to fluttering and
billowing of the iris stroma caused by ordinary
intraocular fluid flows, a marked tendency for
the iris to prolapse toward the side port inci-
sions, and progressive constriction of the pupil
during surgery [43]. All these signs are accom-
panied by suboptimal pupillary dilation in
response to preoperative mydriatic protocols
[42]. In addition, pupillary stretching tech-
niques are ineffective because of the floppy,
easily stretched nature of the pupil margin
[42, 44]. Since incision leakage through the
clear-cornea incisions can further promote the
IFIS effect, tight incisions and longer tunnels are
essential in these cases when performing catar-
act surgery [44].

Chang recommended the use of iris hooks or
other mechanical devices intraoperatively for
pupillary dilation, such as the Malyugin ring
[45]. However, a failure to detect IFIS before the
performance of the capsulorhexis might make
the use of these instruments more difficult [45].
Chang and Campbell found Healon 5 (Johnson
& Johnson, Santa Ana, CA) to be useful in IFIS,
not mentioning the use of more elaborate
multiple-OVD techniques [42]. Steve A. Arshi-
noff described the use of OVD combinations in
IFIS following two different techniques, tri-soft
shell (TST) [34] and ultimate soft-shell tech-
nique (USST) [46]. As previously mentioned, the
soft-shell technique consists of using two vis-
coelastic agents simultaneously to achieve a

better iris stabilization during the entire proce-
dure [31]. With this technique, the anterior
chamber is first covered with a dispersive OVD
by 75%. Afterwards, a cohesive OVD is injected
onto the surface of the anterior lens capsule in
the middle of the anterior chamber, maintain-
ing the boundary between the cohesive and
dispersive OVD at the pupil edge. This maneu-
ver pushes the dispersive OVD up and out and
stops the movement of the pupil (rigid OVD
roof) [31].

The USST is a modification of the soft-shell
technique consisting of compartmentalizing
the anterior chamber using low-viscosity fluids,
such as balanced salt solution or trypan blue, in
combination with a viscoadaptive OVD, such as
Healon 5 (sodium hyaluronate 2.3%) or I-Visc
Phaco (sodium hyaluronate 2.5%) [46]. The use
of this technique facilitates the surgical proce-
dure owing to the effect of the viscoadaptive
OVD and OVD removal at the end of the pro-
cedure [46]. In 2006, a combination variant of
the soft-shell technique and USST was descri-
bed, in which the flow parameters were adjusted
[47]. The TST approach is a generalization of all
these previously described soft-shell concepts
[34]. The first step is to inject the dispersive
OVD through the phaco-incision to form a
central mound on the anterior capsule surface,
stopping the injection once the anterior cham-
ber is approximately 20–25% full. After this, a
cohesive or viscoadaptive OVD is injected
beneath the dispersive OVD onto the anterior
capsule, displacing the dispersive OVD upward
against the endothelial surface of the cornea.
The injection of the second OVD is continued
until the pupil stops dilating and before the eye
becomes firm. With these maneuvers, a low-
viscosity protective outer dispersive OVD shell
is generated that encircles a cohesive or a vis-
coadaptive OVD pressurizing and stabilizing the
inner shell previously created. Injection of bal-
anced salt solution or lidocaine-phenylephrine
is then performed slowly beneath the viscoad-
aptive OVD to create a continuous low-viscosity
fluid on the lenticular surface, with the pupil-
lary margin as the peripheral border. Conse-
quently, the viscoadaptive shell is displaced
upwards acting as a central bridge [34]. With
this procedure, maximum control over the
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operative environment is achieved in IFIS eyes,
minimizing the incidence of complications
[34].

USE OF OVDS WITH LIDOCAINE

Local anesthetic agents block the conduction of
nerve impulses by acting directly on voltage-
gated sodium channels. Intracameral injection
of lidocaine affects all nerve fibers in the ante-
rior chamber to some degree, causing anesthesia
and akinesia of the iris. Several studies showed
that the use of intracameral injection of lido-
caine 1% as coadjuvant medication helps to
achieve pupil dilatation [48, 49]. The intra-
cameral anesthesia effect and OVD function
maintenance of the anatomical space and pro-
tection of surrounding tissues were also com-
bined in one single step [50–53]. One example
of this type of combined system is VisThesia
(Carl Zeiss Meditec, Jena, Germany) which
combines 2% lidocaine and 0.3% sodium hya-
luronate (volume 0.4 ml) provided in individual
plastic blister packs [50–52]. This type of system
may provide more comfort to patients, making
the application of the anesthetic easy [50]. In
fact, there is some scientific evidence of the
superiority of the use of VisThesia compared to
the conventional procedure in terms of intra-
operative pain [50]. Some colleagues have
reported a greater increase in macular thickness
with the use of VisThesia [50] as well as a greater
reduction of corneal endothelial cell density
compared to the use of conventional OVDs
[50, 51]. But results are contradictory with some
other authors that showed no greater reduction
of endothelial cell count with the use of
VisThesia [52]. In 2008, Auffarth GU and
Borkenstein AF presented at the annual confer-
ences of ESCRS (Berlin) and DGII (Heidelberg)
the results of their prospective safety study and
showed no negative effect on endothelial cell
count. More research is still needed to confirm
the potential benefits and risks of the use of
viscoanesthesia in cataract surgery as well as the
most appropriate indications for this modality
of OVD.

OVDS IN FLAT ANTERIOR CHAMBER
AFTER GLAUCOMA SURGERY

The formation of a significantly flat anterior
chamber is a complication associated with eyes
that have had previous glaucoma surgery [54].
One condition leading to this situation is the
presence of overfiltration after trabeculectomy
with mitomycin C, which has been shown to
have an incidence of around 24% [54]. The
persistence of a flat anterior chamber in the eye
can cause further complications, such as
peripheral anterior synechiae or endothelial
dysfunction [54]. For this reason, this condition
must be treated, for which various pharmaco-
logic (atropine, phenylephrine, and in selected
cases orally administered acetazolamide) and
surgical options are available [55, 56]. One of
these options is the injection of OVD into the
anterior chamber, first described in 1982 by
Fisher et al. [57] using sodium hyaluronate.
Some years later, the successful use of a vis-
coadaptive OVD (Healon 5) to treat a flat ante-
rior chamber after trabeculectomy was reported
[58], as well as the application of dispersive
OVDs [12]. However, the long-term success rate
with OVD injection in these cases has been
demonstrated to be relatively low [12]. For this
reason, combinations of OVD with other stabi-
lizing substances have been tested, such as the
combination of Healon and sulfur hexafluoride
[59].

From the prophylactic perspective, intra-
cameral injection of 2% hydroxypropyl
methylcellulose during trabeculectomy has
been shown to maintain the anterior chamber
depth, minimizing complications related to
anterior chamber shallowing after trabeculec-
tomy [60].

OVDS IN COMBINED PROCEDURES
(DSEK, DALK)

In this relatively new field OVD is used for
protection of corneal endothelium during pos-
terior lamellar graft preparation and
viscodissection.
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CONCLUSIONS

OVDs in cataract surgery protect ocular struc-
tures from mechanical trauma, divide tissue,
create space, resolve adhesions, act as a wetting
agent, or as an instrument to facilitate the sur-
gical procedure. OVDs can be classified as
cohesive, dispersive, or viscoadaptive according
to the level of viscosity and cohesion. There are
also systems combining different OVDs or
combining an OVD with other substances
(anesthetic, trypan blue) that are commonly
used for the most challenging cases to minimize
the complication rate. The use of dispersive
OVDs or combined agents seems to be the most
optimal option to ensure adequate corneal
endothelial protection in cases of hard cataract.
Specifically, the soft-shell technique (sequential
injection of a dispersive and a cohesive OVD)
has been shown to be useful in eyes with a hard
lens nucleus with and without Fuchs dystrophy.
Concerning the blue-colored OVDs (Pe-Ha-
Blue� PLUS), they have been successfully used
in eyes with PSX or eyes with non-reacting
pupils to facilitate a safe procedure, reducing
the surgical time and minimizing toxic effects
to the endothelium in these complex cases.
Other challenging cases where the use of OVD is
crucial are eyes with IFIS, where multiple-OVD
techniques, such as the soft-shell, USST, or TST,
are the best option to achieve complete control
over the operative environment. Finally, the
potential beneficial effect on the control of
intraoperative pain with injection of a combi-
nation of OVD and lidocaine was also investi-
gated, showing good results regarding the
degree of pain control achieved. Good knowl-
edge of all OVD types is mandatory for the
ophthalmic surgeon to achieve the best results.
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