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Preface

This is a comprehensive, practical guidebook that provides a clear overview and update of
current modern techniques of ocular surgery. The chapters will be of interest to a wide audi‐
ence.

It contains outstanding guidance, a clear writing style and vast descriptions of surgical tech‐
niques, latest technology, individual patient-tailored operations and challenging cases man‐
agement in all subspecialties.

The chapters are written by experts with special interest and extensive clinical experience in
the topics.

Because of the complexities and multiple factors involved in ocular surgery, the individual
surgeon experience and transmission of knowledge is vital to the learning process. At the oper‐
ating table, surgeons all over the world will certainly benefit from the contents of this book.

It is a must-have reference with expert guidance to the very latest in the field, answering
your questions and introducing you to the current stage of the ophthalmic operating world.

Dr. Patricio A. Pacheco
West Hertfordshire Hospitals NHS Trust

United Kingdom
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Chapter 1

New Technologies in Eye Surgery — A Challenge for
Clinical, Therapeutic, and Eye Surgeons

Patricia Durán Ospina, Mayra Catalina Cáceres Díaz and Sabrina Lara

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/61072

Abstract

Eye surgery is always progresses as the same way that the science advances. New
emerging technologies such as bio-printing in 3D, developments and mathematical
modeling in prototyping lab- on- a chip, visual implants, new biopolymers started to
use in eye enucleation, detection of eye biomarkers at the cellular level, bio-sensors
and new diagnostic tests should be considered to improve the quality of life of pa‐
tients after surgery. This chapter provides a review of new and emerging technologies
which are already working on global research centers. Emerging and converging tech‐
nologies are terms used interchangeably to indicate the emergence and convergence
of new technologies with demonstrated potential as disruptive technologies. Among
them are: nanotechnology, biotechnology, information technology and communica‐
tion, cognitive science, robotics, and artificial intelligence that have been launched as
innovative products that promise to improve the quality of life and vision of patients
with ocular compromised or low vision impairment. Some acronyms for these are:
NBIC: Nanotechnology, Biotechnology, Information technology and Cognitive sci‐
ence. GNR: Genetics, Nanotechnology and Robotics. GRIN: Genetic, Robotic, Informa‐
tion, and Nanotechnology. BANG: Bits, Atoms, Neurons and Genes. Otherwise, to
training ophthalmologist on news techniques, sophisticated simulation machines has
been developing around the world.

Keywords: Artificial retina, nanotechnology, visual health, ocular prosthesis, retina

1. Introduction

Eye surgery always progresses the same way as science advances. New emerging technologies
such as bio-printing in 3D, mathematical modeling, and developments in prototyping lab-on-
a-chip, visual implants, and new biopolymers have started to be used in eye enucleation, the

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



detection of eye biomarkers at the cellular level, bio-sensors, and new diagnostic tests that are
considered to improve the quality of life of patients after surgery.

This chapter provides a review of new and emerging technologies, which are already working
in global research centers. The term “emerging technologies” refers to the implementation of
new innovative products designed to improve the quality of life. Some acronyms used are:

NBIC: Nanotechnology, Biotechnology, Information technology, and Cognitive science.

GNR: Genetics, Nanotechnology, and Robotics.

GRIN: Genetic, Robotic, Information, and Nanotechnology.

BANG: Bits, Atoms, Neurons, and Genes.

New technologies, such as nanotechnology, artificial intelligence, and genetics among others,
have emerged not only to create alternatives to health service, but also to provide alternatives
for new ophthalmologists in their surgical practice. There are increasing reviews in literature
about the relationship with developments such as new surgical techniques not only for
refractive surgery but also for simulation prior to cataract. Retina implants incorporating
electronic devices, stem cells, and new inserts for corneal implants are some of the many
devices made from biopolymers and electronics that have the promise to be an alternative for
visually impaired patients.

Otherwise, as a response to training ophthalmologists on these new techniques, sophisticated
simulation devices have been developed around the world [1].

2. Problem statement

Eye surgery has always been characterized by innovation, the introduction of new surgical
techniques, and also the inclusion of technology. But being so specialized, this information is
not readily disclosed to the targeted patients who directly require these new developments in
order to restore their vision or improve the quality of their life. Otherwise, medical students
and residents in ophthalmology require an overview of these new developments to plan the
training for these new techniques and apply it to patients that have these requirements
according to the new protocols, inclusion criteria, and the available technology in the operating
room in order to plan new investments for clinical practice and training. Knowing where you
are in making this progress, communication and the creation of partnerships between experts
are priorities to be able to respond to the patients’ needs.

This chapter intends to update eye surgeons in new biopolymers and innovations for ocular
prostheses and visual implants for visual care. In the previous years, there are a lot of inno‐
vations such us visual implants, artificial silicon retinas, suprachoroidal transretinal stimula‐
tion (STS), and artificial corneas among others, which are changing nowadays due to the new
advancements in technology and also due to the development of new biomaterials, new
microelectrodes, and several types of neural devices around the world. Now, real “artificial
eyes” are not only the craniofacial, maxillofacial, ocular, and orbital prostheses that replaces
an absent eye after an enucleation but they are also new materials such as cryolite glass, gel
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from cellulose, glass, silicone and porous polyethylene, graphene, dental biopolymers among
others that are being implemented as materials for the heart, eye, and other organ implants
due to their characteristics to improve good biological compatibility, be more resistant, reduce
allergies, and improve durability. These implants are used for the replacement of the orbital
content of anophthalmic cavities [2].

The traditional concept of ocular prostheses (ocular, orbital, epithesis, and maxillofacial),
visual implants (retinal, optic nerve, cortical, subretinal, epiretinal and cortical), and others of
engineering and biomedical sciences have been changing and must be reviewed in the future.

Otherwise, digital cameras, electrodes, and other electronic devices are useful for the visually
impaired. In France, there has been some work on retinal implants using nanodiamonds in the
artificial retina. This allows converting light signals into electrical signals. In the field of ocular
pharmacology, the nanocarrier molecules for the sustained release of drugs and other devices
to vitrectomies are some of the significant visual health advancements in the recent years.
Additionally, in the field of contact lenses and artificial corneas, biopolymers have been
developed for the early detection of keratoconus or systemic diseases. Nanotechnology is
emerging as a science applied to the visual industry and medicine, involving a multidiscipli‐
nary team that requires new directions in the role and performance of ocular professionals
around the world in the near future. The handling of materials and processes at the nanoscale
(one billionth of a meter) level, the instrumentality in the accurate detection, and the telere‐
habilitation intervention using robots of bioelectrical retinal implants nano lenses are just some
of the promising developments in the field of eye care. Visual health professionals seek the
entry of this science in our curricula, research, and training discipline for innovation and
technology based on nanotechnology and robotics. The high costs should not prevent the
alliance between university research centers and the private industry in bringing innovation
to our population and creating transdisciplinary research lines to improve the quality of life
in eye health.

In the recent years, we have reviewed scientific literature regarding publications in surgical
techniques of eye surgery. The number of publications on visual implants, artificial corneas,
stromal rings, and cross linking has increased in the same manner as the development of new
patents did. Also in the recent years, the inclusion of digital imaging systems, visual simulators,
and virtual and augmented reality, prior or during the surgeries, have taken place. Some of
the ophthalmic surgical procedures mentioned above are useful for improving the life quality
of patients. This may pose a challenge to ophthalmic surgeons, but, has improved the quality
of life of patients and their rehabilitation. The topics are discussed under the following areas:
pre-operative tests, operative surgery, prevention of complications and current and future
major advances in eye surgery of importance to surgeons, researchers, physicians, and health
personnel.

3. Eye surgery on literature

Global announcements regarding new developments in eye surgery across all fields require a
systemic search for there are many institutions and authors contributing to this knowledge.

New Technologies in Eye Surgery — A Challenge for Clinical, Therapeutic, and Eye Surgeons
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To perform this review, keywords were used: Eye surgery and refractive surgery, eye surgery
and visual implants, eye surgery and retinal implants, glaucoma eye surgery, and cataract eye
surgery. The resources used were Medline and Scopus criteria for the inclusion of surgical
techniques (1990-2014). In this review, it has been noted that many institutions have increased
ophthalmology publications in these areas and in recent years, advancements in electronic
chips to the retina and visual and retinal implants are growing considerably.

Many eye care research institutes supported by the government and universities from all
continents have been working for decades on innovations for eye surgery across all fields
(cataract, refractive surgery, stromal rings, and retinal implants), which has been progressing
in different countries as evidenced by scientific literature.

Scientific publications related to refractive surgery around the world and the institutes that
have most published reports on refractive surgery can be seen in the chart below. Scopus
analysis  can  be  useful  creating  partnerships  between  researchers  in  the  same field.  See
Figure 1 [3].

Figure 1. Publications of refractive surgery from Ophthalmology Institutes and Universities around the World from
the last decades. Copyright 2015. Elsevier B.V. All right reserved. Scopus is a registered trademark of Elsevier B.V.

Literature reviews on retinal implants, which previously seemed like science fiction, has
become a research field not only in ophthalmology and medicine, but also in electronic
engineering and nanotechnology. Therefore, these researches should not only make journals
specialize in medicine, but the revisions should also include nanotechnology and engineering
to make it more accurate. In Figure 2, reports regarding retinal implants that were made by
principal countries have been proven evident.

Institutions and universities are making major breakthroughs in the field of retinal implants
for more than two decades. In fact, some already have several patents, prototypes, and
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experimental models in animals. There is already evidence in humans, which provides a

promising future for people with retinitis pigmentosa, which a few years ago would have been

considered impossible. See Figure 3 [3].

Figure 3. Top Publications in retinal implants for institutes and Universities around the World. Copyright 2015. Elsevi‐
er B.V. All right reserved. Scopus is a registered trademark of Elsevier B.V.

Figure 2. Publications in retinal implants in different countries. Copyright 2015. Elsevier B.V. All right reserved. Sco‐
pus is a registered trademark of Elsevier B.V.
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4. Types of eye surgery

Today, the classification of eye surgery can be summarized in Figure 4.

Figure 4. Classification of the types of eye surgery.

5. Ocular surgical techniques

In the surgery of myopia, astigmatism, and presbyopia, several techniques have improved
since the 80s (See figure 5). And recently, a stromal ring technique has been introduced for
keratoconus. Due to the shortage of donors for corneas, the stem cell culture and the devel‐
opment of new biopolymers has increased until the creation of several artificial corneas.

6. Corneal surgery

The corneal transplant surgery is useful in the removal and replacement of damaged corneas,
replacing it with a clear donor cornea (corneal grafting) in its entirety (penetrating keratoplas‐
ty) or in part (lamellar keratoplasty). Another surgical technique is the deep anterior lamellar
keratoplasty (remotion of the anterior layers of the central cornea) if the replacement includes
posterior cells: endothelia, stroma and Descemets cells (DSEK) or Descemets/endothelium
(DMEK).

Boston keratoprosthesis is a synthetic cornea used since 2008 (Boston KPro), which was
developed for the Massachusetts Eye and Ear Infirmary. The AlphaCor, a device that contains
a peripheral skirt and a transparent central region, is another artificial cornea. The parts connect
interpenetrating polymer network made from poly-2-hydoxyethylmethacrylate (pHEMA).
Another model is the osteo-odonto-keratoprosthesis, wherein a lamina of the patient´s tooth
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is implanted into the eye using an artificial lens. The porous graphite/PVA hydrogel composite
as the skirt of artificial cornea, in the experimental model shows the interconnective porous
network. The mechanical properties and water content are similar to nature donor cornea.
Water content is another crucial characteristic of hydrogel used as a material for artificial
cornea because it will influence the biocompatibility of hydrogel. Experimental studies
developed in rabbits in vivo shows that the hydrogel nanocomposite implants of Zn NP were
well tolerated in over 3 weeks of study, with no evidence of wound leakage, infection,
inflammation, or neovascularization [4].

Corneal cross-linking is a technique used for the treatment of keratoconus. It increases the
corneal rigidity by photo polymerization of the stromal collagen fibers with UV light for less
than 30 minutes. The standard cross-linking technique, also called Dresden protocol (CXL),
requires the removal of the central 9 nm of the corneal epithelium layer followed by 30 minutes
of riboflavin administration [5].

In order to make a predictive value pair wing refractive surgery and have a more accurate and
useful value for refractive surgery and the stromal rings for keratoconus, sophisticated
software have been developed to help surgeons take more precise models before the surgery.
Some of them are provided by manufacturers and others have been developed based on
sophisticated mathematical models, which are very useful in cases of keratoconus or corneal
astigmatism [6].

Nomograms are incisions within the cornea without the need to break the epithelium or
Bowman´s, thus avoiding the risk of wound problems and possible overcorrections during
refractive surgery. Recently, specialized software products can help surgeons on the different
procedures. Some of them are IBRA, Intacs®, and Nomograms (useful for ICRS in keratoconus
by the use of a ring base on the type of the cone) [7, 8, 9]. In presbyopia surgery, an optical

Figure 5. Corneal surgery techniques.
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device as thin as a contact lens is inserted into the cornea to reshape the front surface of the
eye in order to improve vision. Corneal inlays are used to improve near vision and reduce the
need for reading glasses. This device can be combined with LASIK for nearsightedness,
farsightedness, and/or astigmatism.

This procedure is less invasive than phakic IOL (intraocular lenses placed deeper in the eye).
So, with the corneal inlays for vision correction, eye surgeons may sometimes be able to avoid
complications associated with procedures, such as LASIK and PRK, because no corneal tissue
is removed. The Kamra Corneal Inlay, previously called ACI 7000, for presbyopia is now in
clinical trials. The device in inserted in a thin flap in the center of the cornea. The flap is then
replaced over the inlay to hold it in place in a process of 15 minutes [10].

Its innovation holds a promise to replace reading glasses with good near vision in the near
future. The characteristics of Kamra are described as follows: 3.8 millimeters in diameter, 10
microns thick, made of an opaque biocompatible polymer (Kynar), and a thermoplastic
material that softens in heat and hardens in cooler conditions.

Corneal inlays and onlays are also called keratophakia. They are implants placed in the corneal
stroma for the correction of presbyopia. The procedure is done under topical anesthesia and
the implant is done monocularly in the non-dominant eye as a stromal pocket or under the
flaps created by the microkeratome or by the femtosecond laser. See Figure 6.

Figure 6. Position of the corneal onlay implants.

Other innovations for these techniques have been developed for researchers in Mexico, who
are working on Raindrop near Vision Inlay (ReVision Optics) with some variation on diame‐
ters, thickness, and biomaterials.

This inlay is placed in the cornea under a LASIK-style flap. When in position, the inlay changes
the curvature of the cornea so the front of the eye acts much like a multifocal contact lens. The
other alternative is the Flexivue Microlens (Presbia Cooperatief U.A., Amsterdam), which uses
a laser and creates a tiny pocket just below the eye's surface. Currently, it requires developing
the instrument to insert the microlens in the pocket that is sealed to hold the lens, and a
hydrophilic polymer is irrigated during surgery with a highly moisturizing substance. The
synthetic intraocular lens replaces the natural lens during cataract surgery. Its characteristics
are as follows: 3 mm in diameter and 20 microns thick at the edges [11].
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7. 3D Models for training and surgery

7.1. Glaucoma

Some helpful preoperative aids recently included for prior surgery are the 3D models. These
must be used to investigate the pressure drop on the localization of the main resistance to
aqueous egress during iridectomy or trabeculectomy surgery. Some of these are the modeling
of the eye drainage using the computational fluid dynamics (CFD) and the eye drainage system
devices (GDD). To provide a 3D CFD prototype of the eye, the basis is the anatomy of a real
human eye. Some models are based on stacks of microphotographs from human eye slides
from which digital processing of the images of the eye structure and 3D reconstruction of the
model are performed. The simulations of the distribution of pressure and the flow velocity in
the model of a healthy eye bring results comparable to physiology references. Mimicking
glaucoma conditions, most likely the real eye, led to an increase of the IOP from normal range,
which went down to lower values after a filtering procedure. With this, a computer assisted
design (CAD) model of the device is inserted in the 3D eye through the DC and the trabecular
meshwork of the anterior chamber angle, parallel to the plane of the iris [12].

7.2. Cataract surgery

A simulation, very similar to the real environment, has been implemented, so the training for
the surgeon is more secure. It is also in real-time as a virtual simulator with a control position
tracking in a stereoscopic display mounted on a head, with a video, audio, and haptic interface
in virtual reality. A real environment has been simulated that is created electronically in a
controlled and protected environment where the surgeon can learn, practice, and improve
their skills for surgery in a safe environment [13].

SensAble Phantom Omni T.M is equipped with a device that controls virtual surgical instru‐
ments and feeds the skills of the surgeon, allowing six degrees of freedom tracking, three of
which are important in human-machine interface for simulation. A haptic interface is designed
to identify the types of surgical operations, such as cutting, grasping, pushing, emulsion, and
calculated reaction force, and allows modeling the deformation of the mesh fabric, such as an
eye model. The cyanoacrylate polymerizes as soon as it touches something like water and
aqueous or saline solution. Fibrin glue is also another sealant that is also used for pterygium
with conjunctival auto-grafts and secures amniotic membrane tissue in pterygium surgery.
Sealants made of polyethylene glycol hydrogel are used for sealing corneal incisions and
implantation in the IOL [14].

8. 3D Bioprinting

3D printing, better known as bioprinting, has been widely accepted in the health industry. This
was initially developed to print 3D process designs in the gastronomy industry. Later on, it
has become one alternative medicine for organ replacement. Printing with organs like heart,
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liver, kidney, replacement hip bones, and maxillofacial trachea has become an alternative in
association with research on stem cells to regenerate tissue. Eye level attempts have been cast
for 3D modeling and future impressions of the eyeball for cosmetic purposes in people
requiring ocular prostheses turned what was previously artisanal towards a more precise
subsequent enucleation process. This improves the aesthetic value and lowers the probability
of infection that occurs in these tissues due to poor hygiene because there is no need to
frequently remove it for cleaning purposes [15].

This process consists of the printing, layer by layer, on a 3D printer using stable biological
materials applied in tissue engineering. Very few materials, which fulfill the requirements for
bioprinting as well as provide adequate properties for cell encapsulation during and after the
printing process, are available. Some of the materials that are similar to the contact lens
hydrogel composite or include alginate and gelatin precursors were tuned with different
concentrations of hydroxyapatite (HA) and were characterized in terms of rheology, which is
the swelling behavior and mechanical properties used to assess the versatility of the system
properties [16].

9. Development on visual implants

The LIS-CEA laboratory in France has been studying retinal implants from nanomaterials
and nanodiamonds. By means of the implementation of memristors and digital technolo‐
gy, electronic devices that respond to Moore's Law (processing speed, memory capacity,
and number of pixels) inspired the creation of cardiac pacemakers and created an intelli‐
gent flash. This concept was introduced by Leon O. Chua and was developed as a model
of neural networks, the biomimetic model of the retina, where they expected to even send
3D signals. [17].

A project was undertaken wherein other technologies using silicon microchips as a "wafer" to
create a biological and electronic device in the form of functional circuits that interact with live
cells and shows a promise for the present and future cells. The construction of the small three-
dimensional models of the human organs can be used to treat and replace costly and time-
consuming animal studies that currently hamper the development of drugs. Furthermore,
these micro-electromechanical systems (MEMS) allow testing in cell cultures without using a
full tissue. A lab-on-a-chip enables the replication of tissue samples [18].

FDA approved a project of more than 15 years which comprised an interdisciplinary group of
researchers. The retinal prosthesis was created: Second Sight Argus II, with funding from the
National Eye Institute. It consists of a camera that captures images via implanted electrodes
that stimulate cells in the retina, producing a light on the patient's visual field. This camera
mounted on a pair of eyeglasses wirelessly (with 60 electrodes and hoping to increase it to
1500), has an array of microelectrodes and is mounted on a miniature camera on a pair of
glasses that act as a sensitive photodiode light. The camcorder captures a portion of the visual
field and transmits the information to the VPU. The device is already being used in patients
with retinitis pigmentosa [19].
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Traditionally, the aesthetics of the manufacturing and fitting of ocular prostheses are accept‐
able and responds efficiently in improving the patient’s confidence and physical and psycho‐
logical well-being, therefore, helps to improve their social acceptance and quality of life.
Recently, the introduction of visual implants is a different alternative designed to transmit
electronical signals from the retina to the brain. According to the surgical technique and
position, they are inserted or transplanted into the body and tend to be used as a therapeutic
instrument for visual rehabilitation. The artificial stimulation to the visual pathway allows the
brain to recognize the electric signal as light. New electronical materials useful for the
fabrication of these devices have been developed in the recent years. An ocular prosthesis helps
the patient psychologically and improves confidence, but doesn’t have a visual function.
Different techniques are available to fabricate a custom ocular prosthesis. In contrast, visual
implants are currently being developed as an innovation to restore nerve impulses between
the eyeball and the cerebral cortex, linking transdisciplinary efforts, electronic engineers, and
ophthalmologists worldwide working to develop the bionic eye. The researchers are focused
to allow and improve the perception of spots of light and high contrast edges by means of the
devices´ stimulator as electrodes or optogenetics transducers.

See Figure 6 [20].

Figure 7. Classification of Ocular implants. Durán, P. Diaz, M, Plaza, J. Journal of ocular diseases and therapeutics. 2
N. 1, 2014.

Ocular prostheses were made and are still fabricated in inhert and non-integrable materials,
such as polymethylmetacrylate (PMMA) and cryolite glass. But these days, integrable
materials for anophthalmic cavities, such as a gel from cellulose produced by Zoogloea sp.
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porous polyethylene dental biomaterial composites and graphene among others, are imple‐
mented as materials for the heart, eye and other organs implants due to their characteristics
in improving biological compatibility to be more resistant, to reduce allergies, and improve
durability. The future development of the ocular prostheses is focused on the impression of
digital measurements, 3D modeling software, and the digital impression of the iris [21].

Many implants are being studied around the world. Some patents and other humans have
been implanted to help in visual rehabilitation. Some of these examples are divided into two
categories according to design or operations principles, some use an external camera and image
processing drive implanted electrodes. Another example is the use of 1500 small units in
microphotodiode arrays (MPA by Retina Implant AG) and Stanford retinal prosthesis. Some
required external energy to drive the stimulators, while others are wireless. The Stanford array
projects a high intensity infrared image on the implanted photocells and generates a sufficient
current to excite the secondary neurons. In addition, the classification must be made according
to the implant site e.g., in the inner retinal (epiretinal) or outer (subretinal) retinal surface; if
the implant is inserted below the choroid plexus (suprachoroidal) or if the implantation take
place outside the sclera (episcleral) [22, 23, 24].

Before the production of visual implants, many studies should be performed to verify the noise
pattern, the extraction processing of the temporal space, monitoring to check the quality of the
image, the spatial resolution, the circuit architecture, and advanced intelligent functions.

The future smart 3D image sensor architectures will most probably consist of a sensor layer at
the top and various processing layers below. Each layer will be organized into locally con‐
nected cellular arrays with additional global communication/operation mechanisms. Layers
will be vertically interconnected using bi-directional parallel channels implemented by
through-silicon-vias (TSVs). Images at different scales and abstract information about salient
points and features will be transmitted top-down across the stack, while commands will be
transmitted bottom-up to support adaptation.

10. Optical Coherence Tomography (OCT) in surgery

The OCT has revolutionized the clinical management of ophthalmic diseases and promises to
be of great help in the surgical rooms. The Prospective Intraoperative and Perioperative
Ophthalmic Imaging with Optical Coherence Tomography (PIONEER), a single site multi-
surgeon prospective is incorporating the OCT to the surgical room because of feasibility, safety,
and utility. This study is performed by the Cleveland Clinic. The variables including past
ocular history, procedure type, preoperative diagnosis, techniques, and number of imaging
sessions are recorded one day before surgery. The structured study follow-up is done after the
surgery [25].

The protocol managing for them is next. Disease-specific or procedure-specific imaging
protocols (eg. scan type, pattern, density, size, orientation) were outlined for anterior and
posterior segment applications. Anterior segment imaging included a 12mm3, 12mm volu‐
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metric cube scan at 0 degree orientation. Posterior segment imaging included a 10 mm3, 10 mm
volumetric cube with 100 B-scans per volume at both 0 and 90 degrees, a 5 - 3 10mm volumetric
cube with 7 B-scans per frame for averaging, a total of 175 B-scans per volume at both 0 and
90 degrees, and a 10 mm radial scan with 100 B-scans per volume. The surgeons were provided
with guidance for surgical milestones to consider for imaging (e.g., pre-incision, following
membrane peeling, following graft placement), but the specific imaging sessions were at the
surgeon’s discretion. When possible in vitreoretinal cases, scan sequences were obtained in
the operating room prior to any surgical manipulation of the area of interest. Following various
surgical milestones, scan sequences were performed to allow for comparative data and change
analysis. A ‘‘scan’’ was defined as a single set of images. A ‘‘scan session’’ was defined as a
series of scans obtained during a single pause during surgery. Typically, multiple scan sessions
were often performed during the surgical procedures. A specific surgical procedure (e.g.,
Membrane peeling, lamellar keratoplasty) intraoperative OCT feedback form was included as
part of the study protocol. This form included questions regarding the impact of the intrao‐
perative OCT on surgical decision making and on how intraoperative OCT may have impacted
the understanding of the surgical disease of interest. OCT provides rapid testing that reduces
costs, time, and enhances quality care for surgeons and patients [26].

11. Further research

Future research of new innovations in visual implants improves existing research for best
results. The early implementation of refractive surgery and cataract surgery is recalled,
however, it is important that the increase of that research is conducted in global scientific
communities where you can monitor patients and have access to people with visual impair‐
ment that requires the surgery. High costs should be borne by health systems, according to the
laws of each country, so that they can be taken advantage by the patients who need them. Some
of the challenges that are presented in eye health are the cost of the technology transfer, more
high-level training in surgical procedures, and the establishment of protocols according to the
clinical findings. Just as eye surgery has been the pioneer in the world among many techno‐
logical advancements, it becomes a possible reality in the near future to restore vision for visual
rehabilitation and to provide a better quality of life for visually impaired patients.

Likewise, due to the interaction of the new sciences, ophthalmologists around the world should
have comprehensive training from his clinical practice in various branches of medicine,
biomedical engineering and electronics, and nanotechnology. Team groups with different
point of views must be formed to answer the needs of patients, such as applying science to the
clinic, establishing protocols to prevent errors, and improve processes in eye surgery and thus,
optimizing costs, human resources and effectiveness for patients. All these innovations must
be reimbursed by health insurance systems around the world.

So that these advancements reach patients, there should be access to global insurance to cover
the population that needs them. Germany and the United States are already doing this.
However, in underdeveloped countries, this possibility does not even exist and is yet to be
built.
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The truth is that in the near future, these new surgeries may have results that help reduce
blindness, improve the coverage and quality of life for patients with myopia, astigmatism,
presbyopia, cataracts, and retinitis pigmentosa among others. The inclusion of contact lenses
has always been considered as one of the most important innovations for mankind. But this
technology is linked to new projects and has developed new biopolymers. The challenge for
innovators and surgeons in the next decades is the immersion with electronic chips. The
accuracy of current studies is required and must be taken advantage by the academic com‐
munity for the scientific needs and reading of the general population.

Another important area in future work on education to transfer this technology and provide
updates with experts and developers for the patients’ safety, must be worked in partnership
with the different industries and academia.

12. Conclusion

Eye surgery is not only considered a pioneer in the world by technological advancements, but
evidence also shows that it has been and will continue to be important to combat blindness in
the world. Among the most significant advancements are visual implants, artificial corneas,
new biopolymers, and the inclusion of nanotechnology in operating rooms where other major
global challenges will come from.

The challenge of new visual innovation includes multiple fields that must continue to be
improved for these new global developments in refractive surgery, ocular prosthesis, and
visual implants. In order to make these advancements accessible to patients, it is required to
improve the transfer of technology and improve the training of surgeons around the world.
The following points must also be taken into consideration:

1. Eye surgery research: strengthening global researchers’ mobility and internships among
researchers of visual health-electronical engineering groups around the world to be
training in transdisciplinary teams about the new surgical technique and developments
in electronic engineering and their applications to visual health. It must include develop‐
ments for other healthcare artifacts.

2. Financial resources: search financial resources from government and public and private
entities to develop new technology transfer policies.

3. Database creation for target population in visual implants or visual rehabilitation: the
creation of a global database of possible patients that can benefit from these innovations
should be a priority in each country and will make us plan for monitoring, check the
progress in new implanted patients, verify the recovery rates, and design a project of the
improvement thereof.

4. Challenge for Institutional Review Boards (IRB committees) of academic institutions: The
Institutional Review

5. Boards of universities around the world should construct and share global protocols about
new technology surgery: to take care of the visual implants, fill up the informed consent
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in the use of these new innovations, provide mechanisms for timely and appropriate
communication to users, investors, and inventors, and report the cost - benefits of these
new alternatives.

6. Marketing: The other challenge is the distribution channels. A highly qualified medical
and rehabilitation staff is required after the implantation: a team of psychological support,
visual rehabilitators, and low vision experts around the world. Most importantly, family
support is key for a successful visual recovery. In the case of ocular prosthesis, the personal
cleaning regime requires periodic professional care. Some authors have proposed the
three phase model according to the discharge associated with prosthetic eye wear. In the
initial period, the freshly polished prosthesis set the homeostasis in the first phase as
surface deposits are removed is more comfortable and safer. However, you can make an
increased likelihood of harm when continued wear, that´s is the reason to think in recovers
such as nanofilms or new biopolymer can reduce the deposits another way is the tradi‐
tional surface polish. There is not too much published literature about maintenance care
of visual prosthesis, electrodes and microarrays.

The new research for eye surgery is focused on the development of artificial organs, ocular
prosthesis, and the inclusion of new biomaterials as graphene or nanocoatings against biofilm
and microorganisms. This creates digitalized prototypes and is customized for each patient,
using new technology and working with 3D printing organs. Some advancements have been
developed in the United Kingdom, in partnership with Fripp Design and Research and
Manchester Metropolitan University, using the Spectrum Z-Corp 510 3D printer. The main
reason for inclusion of graphene as an ocular biomaterial is because this material serves as a
photovoltaic semiconductor, which is unlike the metal or silicon-based materials used until
now for such biotechnological interfaces. The graphene is soft, light, flexible and highly
biocompatible. Naturally, new biomaterials and neuro-implants is the challenge for visual care
for sensitivity to visible light. It uses photovoltaic material and does not require an external
electrical source to function.

Nomenclature

AK: Astigmatic Keratoplasty

ALK: Automated lamellar keratomileusis

BANG: Bits, Atoms, Neurons, and Genes.

CK: Conductive keratoplasty

GNR: Genetics, Nanotechnology and Robotics.

GRIN: Genetic, Robotic, Information, and Nanotechnology.

ICR: Intracorneal rings.

LRI: Limbal relaxing keratoplasty
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LTK: Laser termal keratoplasty

NBIC: Nanotechnology, Biotechnology, Information technology and Cognitive science.

OOKP: Osteo-Odonto-Keratoprosthesis

LASEK: Lasser assisted subepithelial keratomileusis

OCT: Optical Coherence Tomography

PIONEER: Prospective Intraoperative and Perioperative Ophthalmic Imaging With Optical
Coherence Tomography

SEB: scleral expansion bands
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Abstract

The removal of the eyeball with or without other orbital tissues is always a complicat‐
ed decision to take and nearly always involves the beginning of a new and intense
doctor-patient relationship. The loss of the globe results in the loss of binocular vision
and depth perception, thus the patient is limited when applying for certain jobs or
handling delicate or dangerous materials. They may also be prohibited to drive in
some countries o may have to do so with special care where permitted. The psycho‐
logical impact on the patients´ life may be even greater as it may be perceived as a
severe facial disfiguration. Some patients may prefer to stay at home and their social
life may be deeply affected. Since facial and eye appearance is essential for normal hu‐
man relations and interaction, prosthetic eyes or orbits should imitate the eye, in most
cases, or the whole orbit-eyelids-eye complex, which is less frequent.

Keywords: enucleation, evisceration, exenteration, orbital implant

1. Introduction

The need to remove an eye or other orbital contents is always difficult to digest for a patient.
Many of them will experience the five stages of grief described by the Swiss psychiatrist
Elisabeth Kübler-Ross in her 1969 book [1] On Death and Dying, inspired by her work with
terminally ill patients. Older patients may think that these kinds of surgeries, especially
exenteration, are not worth it. Younger patients are usually very worried about the cosmetic
result rather than the difficulty of the surgery and the postoperative period. The ophthalmol‐
ogist will need a good dose of empathy and psychology skills to explain to the patient that the
planned surgery is the only and best option. The oculoplastic surgeon must be ready to hear
that some patients will wish to ask for a second opinion. This may annoy the doctor in charge
of the patient, but despite of this, it is advisable to help the patient look for a second opinion
with other colleagues. When dealing with these kinds of patients, it is crucial to take your time
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to explain with detail the surgical technique, the time the patient is expected to stay in the
hospital, the need for frequent bandage changes in the hospital clinic, the possible complica‐
tions of the socket, and a long recovery period before a prosthesis can be fitted in.

Evisceration, enucleation, and exenteration are the three main surgical options. Evisceration
is the removal of the contents of the globe while leaving the sclera and extraocular muscles
intact. Enucleation is the removal of the eye from the orbit while preserving all the other orbital
structures, and exenteration is the removal of the globe as well as the soft tissues of the orbit
(connective tissue, fat, and muscles).

There is evidence that Egyptians and Sumerians used artificial eyes to decorate their mummies
and their statues, respectively; however, there is no evidence to suggest that they used them
for medical purposes in living people. Clay models resembling eyes were used in the Roman
Empire around 500 BC to cover phthisical eyes. It was not until the 16th century that enuclea‐
tion surgeries were reported in the medical literature. In 1583, George Bartisch first described
the extirpation of an eye. In 1817, Bear introduced evisceration in an eye with an expulsive
hemorrhage when performing an iridectomy for an acute glaucoma [2].

It was in 1874 when Noyes reported the routine evisceration of the ocular contents when there
was severe intraocular infection [3]. Later, in 1884, Mules reported for the first time the use of
an orbital glass sphere implant in an eviscerated cavity, this becoming the bedrock of volume
loss restoration and improving dramatically cosmetic results of this surgery [2,4]. In 1887, Frost
inserted a crystal ball orbital implant inside Tenon’s capsule after an enucleation procedure [5].

Since then, advances in surgical techniques, anesthesia, new implants, and wrapping materials
and prosthetics over the past decade have greatly improved surgical outcomes and patient
satisfaction. Today, most patients have good cosmetic results following the removal of and
eye. However, even an exquisite surgical technique cannot prevent complications in the
immediate and long-term follow-up of these sockets, making these patients challenging for
the Oculoplastic Surgeon.

The decision to remove an eye must be individualized to each patient. Advantages and
disadvantages exist among the different surgical techniques and implant materials.

2. Surgical indications

2.1. Enucleation

The most common indications are intraocular malignancy, blind painful eyes, penetrating
trauma, very bad ocular cosmesis or phthisical eyes, and prevention of sympathetic ophthal‐
mia (SO).

A significant decrease in the number of enucleations was observed between 1975 and 1995.
This was primarily caused by a decrease in the number of glaucoma-related enucleations [6].
Evisceration, unlike enucleation, disrupts the integrity of the globe’s barriers, which could
trigger an autoimmune reaction (SO) in the contralateral eye. Although some authors believe
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that SO continues to be an important disadvantage, evisceration has gained popularity in the
past few decades because of superior functional and cosmetic results compared to enucleation.
Levine et al. [7] concluded that the risk of SO following evisceration is extremely low.

Choroidal melanoma in adults and retinoblastoma in children are the most common intraoc‐
ular malignancies. In some cases of malignancy diathermy, chemotherapy and radiation may
be an alternative to more disfiguring surgeries.

2.2. Evisceration

1. Penetrating trauma: one of the most common indications of evisceration in cases when
sclera is largely intact.  Classically, it  was thought that surgery should be performed
within 14 days of injury. In cases with extensive disruption of the globe’s tissues, the
removal of all uveal tissue is difficult via an evisceration; therefore, enucleation may
be a better option [6].

2. Blind eyes: removal of a blind eye is generally the last possibility. We attempt to control
pain with a retrobulbar injection of alcohol or chlorpromazine. When the patient refers
corneal discomfort, some eyes may benefit from conjunctival flaps [8]. Nowadays
evisceration is widely preferred in Europe because of its advantages in blind eyes, such
as better cosmetic results and shorter postoperative recovery time [9].

3. Endophthalmitis: many surgeons prefer evisceration for endophthalmitis because of the
low risk of bacterial retroocular space invasion. Others suggest that enucleation should
be performed when there is no certainty that the sclera may be involved [10]

2.3. Exenteration

Orbital  content  removal  is  reserved  for  the  treatment  of  potentially  life-threatening
malignances  arising  from  the  eye,  eyelid,  orbit,  paranasal  sinuses,  and  periocular  skin.
Secondary orbital spread from eyelid, intraocular, and conjunctival malignant tumors was
the most frequent indication of exenteration, followed by primary orbital malignant tumors.
Other indications have included sclerosing inflammatory pseudotumors and invasive fungal
disease of the orbit [11-13].

3. Surgical techniques

3.1. Enucleation surgical technique

1. It is absolutely mandatory to ensure we will remove the correct eye. Sometimes it is
obvious which eye should be enucleated, like in a severely traumatized eye, but in other
cases, the eye can be morphologically perfect and doubts can arise. This can be the case
of a choroidal melanoma. We strongly recommend to read the patients notes and ask the
patient to identify the eye that should be removed. Once sure, the eye should be marked
with pen with an arrow or letters on the side of the forehead of that eye. We also like to
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dilate the eye with tropicamide [14]. This marks the side to operate on and allows the
surgeon to check the tumor inside the globe in the operating room.

2. Once in the operating room, we ask the patient to identify calling out his name and
surname and age. We ask again which eye is the one to be removed and to signal it for us
with his hand before he lies on the operating table.

3. Although we are aware some surgeons prefer intravenous sedation and local anesthesia,
it is of our preference and of our patients to undergo general anesthesia. Even in cases of
general anesthesia, some surgeons also inject local anesthesia so as to obtain local
vasoconstriction, which will aid the surgeon making the surgery “cleaner” and faster. Two
percent lidocaine with 1:100,000 epinephrine can be used for superficial injection like in
the subconjunctival space. Retrobulbar anesthesia is made with a combination of 2%
lidocaine and 1:100,000 epinephrine mixed 1:1 with 75% bupivacaine.

4. Intravenous antibiotic is usually used 30 min prior to surgery in the presurgery prepara‐
tion area.

5. We prep and drape in the standard fashion using povidone iodine for the skin and
conjunctiva. We like to cover the other eye, but some may prefer to let the other eye
uncovered and closed.

6. We use a lid speculum, taking care to protect the field from eyelashes. If eyelashes enter
the field, these can be cut or stuck to the eyelid with an adhesive skin closure.

7. Using Westcott scissors or dissection scissors, perform a 360° limbal peritomy trying to
leave on the limbus no more than 1 mm of conjunctiva. Remember to be as careful as
possible. The conjunctiva, once closed at the end of the surgery, will be the first defensive
layer of the anopthalmic socket (Figure 1).

Figure 1. 360° limbal peritomy

8. Blunt dissect Tenon’s capsule from the globe. Introduce your dissection scissors beneath
the conjunctiva and Tenon in the limbus in any of the four quadrants limited by the four
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rectus muscles and smoothly direct your dissection posteriorly and around the globe until
you feel you are close to the optic nerve. Repeat this maneuver in the other three quadrants
(Figure 2).

Figure 2. Blunt dissection of Tenon´s capsule

9. Localize each rectus muscle with one or two muscle hooks. Ensure you isolate the insertion
of the muscle. If this is not visible, some Tenon tissue may be present. Remove it with
blunt forceps, pulling it away from the muscle insertion (Figure 3).

Figure 3. Muscle insertion isolation

10. Pass a 5/0 absorbable suture in a whiplock fashion on either side of the muscles insertion.
Cauterize with a monopolar (Colorado needle) or bipolar cautery to avoid bleeding and
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then cut the insertion of the muscle with a scissor leaving 1 or 2 mm of insertion on the
globe (this stump will be useful in the future to pull the eye out of the orbit). Clamp the
sutures for the four rectus muscles away from the surgical field with bulldog clamps or
hemostats. The muscles will “spread” away from the globe (Figures 3-5).

Figure 4. Muscle insertion is cut

Figure 5. Four rectus muscles are isolated

11. Isolate the inferior oblique muscle in the inferotemporal quadrant with a muscle hook
sweeping it from posterior to anterior toward where the inferior rectus was located. As
with the rectus muscles, cauterize and cut. Some surgeons like to reinsert the inferior
oblique muscle in the orbital implant. In our experience, it is not necessary to achieve a
correct implant motility (Figure 6).
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Figure 6. Inferior oblique exposure

12. Isolate the superior oblique muscle in the superonasal quadrant by sweeping the muscle
hook from anterior to posterior toward the insertion of the superior rectus muscle.
Cauterize, cut, and leave untagged.

13. Pass a 4/0 silk suture through the insertion of the two horizontal rectus muscles or the
four of them. This will help to pull the globe during the removal.

14. Place a hemostat around the optic nerve. This will prevent the ophthalmic artery from
bleeding. Place a large curved hemostat behind the globe; thus, you can safely cut the optic
nerve with scissors without danger for the integrity of the globe. When you cut the nerve,
you will find it harder than you would expect. To get as much optic nerve stump as
possible, try to direct the scissors posteriorly while pulling the globe out of the orbit with
your traction sutures (Figures 7 and 8).

Figure 7. Hemostat placed on optic nerve which is cut with scissors
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Figure 8. Sagital view of the orbita showing the optic nerve being cut

15. Once the nerve is cut and you pull with your silk sutures, you may feel something is
retaining the globe in the orbit. It is usually small segments of retained Tenon’s capsule.
Cut this Tenon’s tissue with care as it may contain small vessels that may bleed. We
recommend you cut this tissue as close to the globe as possible in order to avoid inadver‐
tent injury to other tissues like muscles or orbital fat (Figure 9).

Figure 9. Globe removed from the orbit. Optic nerve stump compressed by hemostat

16. Place the globe in an auxiliary table and prepare it to send to the pathologist.

17. Release the hemostat around the stump of the optic nerve. Apply pressure in the socket
and coagulate the optic nerve with the monopolar or bipolar cautery if there is generous
bleeding. Avoid excessive cauterization in the socket as it may predispose to future
complications of the cavity such as its contraction or implant displacement. Sometimes
gentle pressure with gauze soaked in thrombin, saline, or hydrogen peroxide for a few
minutes is enough to stop small hemorrhages.

18. Once the socket is ready, the next step is to introduce the orbital implant. The size of which
should have been chosen depending of the axial length of the eye or the fellow eye if the
removed eye was in phthisis.
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Figure 9. Globe removed from the orbit. Optic nerve stump compressed by hemostat
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minutes is enough to stop small hemorrhages.

18. Once the socket is ready, the next step is to introduce the orbital implant. The size of which
should have been chosen depending of the axial length of the eye or the fellow eye if the
removed eye was in phthisis.

Advances in Eye Surgery32

19. Nonporous implants should be implanted, wrapped in a mesh or donor sclera; porous
implants can be implanted, wrapped or unwrapped.

20. Prior to insertion of the implant, it is immersed in an antibiotic solution (500 mg of
cefazolin in 500 ml of saline). Then a Vicryl mesh or sclera is placed around de implant.
If you use a mesh, twist the excess mesh in the posterior pole of the implant, tie a knot
with 4/0 polyglactin suture, and cut the remaining material. If you use donor sclera, suture
it around the implant with 5/0 silk.

21. The implant is then introduced within Tenon’s capsule in the orbit. Some surgeons use a
Carter sphere introducer or similar plunger-like mechanisms. We use our hands. It is of
crucial importance in order to avoid future problems to place the implant as posterior as
possible. This is in the intraconal space, leaving part of the posterior pole of the implant
uncovered by Tenon’s capsule. Sometimes Tenon’s tissue is dragged as you introduce the
implant. We recommend that the surgical assistant retracts Tenon’s anteriorly so as to
avoid its displacement with nontoothed forceps while placing the implant.

22. Once correctly positioned in the orbit, we press the implant deep in the orbit with a finger
to make sure it is correctly fitted. Make sure that Tenon’s layer is not trapped under the
implant and that it covers the implant needing no excessive traction with nontoothed
forceps. If any doubt of good positioning or implant size should arise, removal of the
implant is always a good option.

23. Secure the rectus muscles on the anterior surface of the implant or on the wrapping
material. We like to suture first the horizontal rectus muscles. Avoid overlapping of the
muscles. Some authors recommend a 5-to-10mm distance between them. We believe that
placing them next to each other helps preventing implant extrusion. In the same way,
suture both vertical rectus muscles adjacent to the horizontal muscles, creating a “muscle
barrier.” You may want to suture the inferior oblique muscle just inferior to the lateral
rectus muscle (Figures 10 and 11).

Figure 10. Sagital view of the orbit showing four rectus muscles sutured to the implant
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Figure 11. Frontal view of the orbit showing four rectus muscles sutured to the implant

24. Meticulous closure of Tenon’s capsule is very important. We recommend interrupted
buried 5/0 absorbable (polyglactyn) sutures, but some may prefer a running suture. It is
extremely important to avoid tension when closing Tenon’s layer (Figure 12).

Figure 12. Tenon´s capsule sutured beneath conjunctiva

25. A running 6/0 absorbable suture is used to close the conjunctiva, once again, avoiding not
too close tissue under tension. Nerad [14] recommends local anesthetic injection into the
retrobulbar space for postoperative pain relief (Figure 13). We prefer intravenous
analgesia.

26. Abundant antibiotic and steroid ointment should be placed in the socket, and finally an
acrylic conformer should be placed. Some surgeons perform a temporal tarsorrhaphy to
maintain the conformer in place for 1 or 2 weeks.

27. Tight application of eye patches will finish our surgery.
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3.2. Evisceration surgical technique

1. See enucleation surgical technique (Figure 1).

2. Undermine the conjunctiva by approximately 5 mm, 360°.

3. Blunt dissect Tenon’s capsule from the globe. Introduce your dissection scissors beneath
the conjunctiva and Tenon’s layer in the limbus in any of the four quadrants limited by
the four rectus muscles and smoothly direct your dissection posteriorly and around the
globe until you feel you are close to the optic nerve. Repeat this maneuver in the other
three quadrants (Figure 2).

4. Localize each rectus muscle with one or two muscle hooks. Ensure you isolate the insertion
of the muscle. If this is not visible, some Tenon tissue may be present, remove it with blunt
forceps pulling it away from the muscles insertion (Figure 3).

5. Pass a 5/0 absorbable suture in a whiplock fashion on either side of the muscles insertion.
Clamp the sutures for the four rectus muscles away from the surgical field with bulldog
clamps or hemostats (Figure 14).

6. Incise full thickness of the cornea at the limbus with a blade (numbers 11 and 15; Phaco
Keratome). Note that aqueous humor will exit the anterior chamber. Complete a 360°
keratectomy with Westcott scissors and toothed forceps (Figure 14).

7. Once the cornea is removed, use an evisceration spoon to dissect the sclera from the
choroid. If complete dissection is possible, remove the intraocular contents en bloc. It is
common to find active bleeding from the central retinal artery and other perforant arteries
that branch from long anterior ciliary arteries. We recommend to use suction and a
monopolar or bipolar cautery to stop the bleeding. Should the intraocular contents break
while dissecting the choroid from the sclera, we recommend to remove them with a
suction device in order to minimize the exposure of the content of the eye to the socket,
thus reducing the low risk of sympathetic ophthalmia (Figure 15).

Figure 13. Conjunctiva sutured under an acrylic conformer
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Figure 15. Choroid is dissected from sclera

8. Wipe the internal scleral surface with cotton-tipped applicators soaked in absolute alcohol
and remove retained uveal tissue with gauze.

9. Upon this point of the surgery, there are different options to prepare the sclera to accom‐
modate the orbital implant. Some authors prefer to make 10-15 mm radial scleral incisions
in the four oblique quadrants, avoiding the insertions of the rectus muscles [13]. Others
prefer a complete posterior sclerotomy, transecting the sclera from the superior nasal and
inferior temporal limbus to the optic nerve. Sclera is then trimmed from the optic nerve
in a circular fashion. We prefer the four-petal technique described by Sales-Sanz and Sanz-
Lopez [15]: four sclerotomies are performed from the limbus, between the rectus muscle
insertions, to the optic nerve with Stevens scissors. The optic nerve is cut at its insertion

Figure 14. Keratectomy is started with number 15 or number 11 blades
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point in the posterior sclera. The four sclerotomies reach one another to form four separate
scleral petals, each containing one rectus muscle insertion. This last option allows in our
experience an easier insertion of the orbital implant in the intraconal space and secondarily
makes complete cover of the implant very simple (Figure 16).

Figure 16. Four sclerotomies performed with scissors

10. 9. Gently pull the four petals out of the socket so the implant can be placed as deep as
possible using a Carter sphere introducer or your fingers. The further the implant enters
the orbit, the easier it will be to bring the four petals anterior to the implant. Because the
petals are independent from each other and from the optic nerve, the sclera can cover any
size of implant without tension. The vertical petals are sutured to each other in front of
the implant using a continuous 5/0 absorbable suture. The horizontal petals are sutured
in the same way over the vertical petals. Make sure that sutures are tied with no tension
(Figures 17-20).

Figure 17. Four petals stretched wide appart
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Figure 18. Impant placed between petals pressed deep inside the orbit

Figure 19. Implant wrapped with sclera from the upper and lower petals with muscles attached

11. Meticulous closure of Tenon’s capsule is very important. We recommend interrupted
buried 5/0 absorbable (polyglactyn) sutures; again, some may prefer running sutures. It
is extremely important to avoid tension when closing Tenon’s layer (Figure 12).

12. A running 6/0 absorbable suture is used to close the conjunctiva, once again avoiding to
close tissue under tension (Figure 13).
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13. Abundant antibiotic and steroid ointment should be placed in the socket, and finally an
acrylic conformer should be placed. Some surgeons perform a temporal tarsorrhaphy to
maintain the conformer in place for 1 or 2 weeks.

14. Tight application of eye patches will finish our surgery.

3.3. Exenteration technique

Technically, orbital exenteration has several variations, each with its own indications.

3.4. Total exenteration

1. General anesthesia is advisable. Local anesthesia is useful to achieve good hemostasis in
the eyelid and periorbital tissues. Retrobulbar or intraorbital anesthesias are forbidden
when tumors or infections are present.

2. Intravenous antibiotic is usually used 30 min prior to surgery in the presurgery prepara‐
tion area.

3. 4/0 silk sutures (two per eyelid) are placed on the eyelid border to provide traction. We
recommend long bits with the needle as traction later on in the surgery may tear the tarsal
and skin tissues.

4. With a scalpel blade (number 11 or 15) or with an electrocautery, incise the skin in an
elliptical fashion trying to follow the inner surface of the orbital rim (Figure 21).

5. Dissect under the skin until you reach the periorbita with scissors or with the electrocau‐
tery. We strongly recommend to have a bayonet bipolar cautery forceps and a suction
device before entering the subperiosteal space (Figure 22).

Figure 20. Sagital view of orbit showing correct wrapping of implant with four petals of sclera
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Figure 22. Skin incisión with number 11 or number 15 blades following the inner surface of the orbital rim

6. Once the periorbita is reached, incise it with a scalpel blade, a monopolar cautery, or a
Freer periosteal elevator. Sometimes it is difficult to elevate the periorbital periostium as
it is firmly stuck to the underlying bone, especially in the frontal bone and the frontal
process of the maxillary bone (Figure 23).

Figure 23. Detail of the periorbita being incised. Note ROOF being rejected temporally and lateral tarsal ligament being
rejected nasally

Figure 21. Frontal view of implant wrapped in scleral petals with attached rectus muscles
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7. Once elevated the periorbital periostium, continue elevating the orbital periosteum. Care
should be taken where the periosteum is more tightly adhered to the bone: anterior and
posterior lacrimal crests, insertion of the inferior oblique muscle, trochlea, lateral orbital
tubercule, and superior and inferior orbital fissures (Figure 24).

Figure 24. Freer periostal elevator dissecting periorbita

8. Periosteum should elevate easily with the help of the Freer periosteal elevator and
malleable retractors. At some point, periosteum can tear, do not panic, and carefully try
to dissect it from the opposite point of the tear. The nasolacrimal duct will be exposed
once the periosteum is elevated. If possible, obliterate it with fat or muscle to decrease the
risk of fistula formation.

9. Continue posterior dissection of the periosteum. At this point, you should remember the
orbital anatomy, a squared based pyramid. This means you will need to use your traction
sutures on the eyelids and help yourself with one or two small malleable retractors to
displace the orbital contents in order to increase the visibility of the orbital walls.

10. Important landmarks to take into account and to avoid damaging are as follows: in the
medial wall—supratrochlear and anterior and posterior neurovascular bundles; in the
roof—supraorbital neurovascular bundle; in the lateral wall—zygomaticofacial and
zygomaticotemporal neurovascular bundles; and in the floor of the orbit—the infraorbital
canal. When you come across these structures, bipolar cautery should be applied. Some
authors prefer to clip them (Figures 25 and 26).

11. It is also important to remember that the medial wall and the floor of the orbit are easy to
break because the bones at those points are thin, especially in the lacrimal fossa and in the
ethmoid bone’s lamina papyracea.

12. When dissection progresses in the inferolateral portion of the orbit, we will encounter the
infraorbital fissure that is rich in vessels. It should be thoroughly electrocauterized.
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13. Continue the dissection until the apex is reached. Carefully cauterize the superior orbital
fissure and the posterior orbital tissues, including the optic nerve. We recommend to be
patient and slowly cauterize and cut in small bits to avoid bleeding that may be difficult
to control and may frighten the surgeon (Figure 27).

Figure 27. Sagital view of Freer periostal elevator dissecting the periorbita posteriorly

Figure 25. Dissection is carried on deep back towards the orbital apex

Figure 26. Avoid damaging important vessels such as the Anterior Ethmoidal Artery
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14. Pull the silk traction sutures and place the orbital content in an independent table where
it will be prepared to be sent to the pathologist.

15. The orbit with the bare bones may be left to granulate, gauzes with antibiotic should be
placed, and the orbit should be pressure patched. Some authors will consider covering
the bone with a split-thickness skin graft [11,14,16] from the thigh or a tissue flap, generally
from the temporalis muscle (Figures 28 and 29).

Figure 28. Frontal view of the exenterated orbit showing bone landmarks and hemostasis of the orbital apex

Figure 29. Medial view of the exenterated orbit showing bone landmarks and hemostasis of the orbital apex

3.5. Eyelid-sparing exenteration

We prefer this procedure when the disease does not affect the eyelid because the skin and
orbicularis muscle can be used as “primers” to initiate the cavity’s granulation and epitheli‐
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alization. The difference with the previously described technique is that the skin incisions are
placed 2 mm above the lash line and are joined at the medial and lateral canthus. Dissection
is carried out in the preseptal plane or in the preorbicularis plane. We prefer the preseptal
plane; it is easy to follow and allows a good blood supply to the future granulation tissues.

In conclusion, with this procedure, we partly cover the orbital bones, and we add a vascular
supply to our skin flap, reducing the time the socket needs to granulate.

3.6. Subtotal exenteration

It may be performed when the disease involves anterior orbit or conjunctiva as in conjunctival
melanoma or sebaceous cell carcinoma without evidence of deep orbital invasion. It spares
orbital tissues from the deep orbit; thus, the socket should heal earlier, but orbital prosthesis
fixation can be complicated since there is less space.

The technique is similar to that of total exenteration but subperiosteal dissection is not carried
out as far posteriorly. Orbital tissues are cut, and thorough hemostasia is performed.

3.7. Extended exenteration with bone removal

Unfortunately, high-grade malignancies or osteolytic processes will require total exenteration
and the removal of the bones of the orbit. Help from other surgeons such as neurosurgeons,
otolaryngology, or maxillofacial surgeons is mandatory in these cases.

3.8. Reconstruction of the exenterated orbit

The decision to reconstruct the exenterated socket depends on what is planned for that orbit.
When the patient desires an orbital prosthesis, spontaneous epithelialization, skin grafts, or
thin local flaps are good options. Some surgeons argue that spontaneous granulation permits
a better follow-up of the cavity in order to treat as soon as possible if disease recurs. Others
prefer to fill the cavity with temporalis muscle flap but this increases the difficulty to adapt an
orbital prosthesis for the ocularist.

3.9. Spontaneous granulation

It is the fastest way to finish the surgery, and it reduces surgical morbidity in other sites but
requires very frequent postsurgical care, initially three times a week and later on every 1 or 2
weeks until complete epithelialization is observed. This can take up to 2 or 3 months more than
when split thickness grafts are used. Usually, gauzes with antibiotic ointment are applied in
the first month.

3.10. Skin grafting

Split thickness grafts, usually harvested from the thigh with an automated dermatome, are
used, which is technically simple to perform and takes less time than a more complex flap
reconstruction. In order to adapt the graft to the socket, slits can be performed with scalpel or
a number 15 blade. The edges are sutured to the borders of the surgery with absorbable 6/0
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sutures. Gauze soaked in antibiotic ointment is packed in the socket, and a pressure dressing
is placed for 1 week. Once this is removed, the gauze will be changed every 2 or 3 days until
the graft is correctly stuck to the bone beneath.

3.11. Soft tissue reconstruction

Some surgeons advocate primary reconstruction during exenteration surgery. Volume loss in
the socket can be replaced with vascularized free flaps. They are useful to cover alloplastic
implants or other kind of flaps used for bony reconstruction. One of their disadvantages is
donor site morbidity. Another one is that aesthetics in the donor site and the socket may seem
unnatural. Many local flaps have been used, including temporoparietal fascia, temporalis
muscle, or frontalis muscle. As said previously, these flaps can potentially affect postoperative
tumor surveillance, making imaging techniques, especially MRI, essential and increasing the
cost for the National Health Service or the insurance company. On the other hand, orbital
obliteration with a flap reconstruction may confer less pain, improve personal hygiene, and
reduce the risk of sino-orbital fistula formation [17]. Spiegel et al [18] reported that orbital
obliteration reduces the risk of intracranial infections and facilitates dosage calculation of
radiotherapy by providing a more consistent and predictable tissue density.

3.12. Rehabilitation of the socket

Once exenterated, eviscerated, or enucleated, the socket is perceived by the patient and the
family as a very significant facial deformity. Initially, the simplest way to mask the socket is
with eye patches. However, once the cavity has healed, the patient can benefit from the
experience of an ocularist.

Enucleated or eviscerated cavities will have a temporal prosthesis fitted in 4 or 6 weeks after
surgery. Later on, a prosthesis will be made using a modified impression technique, so a
custom-made prosthesis will be designed and adapted at the ocularist. It is very common that
artificial eyes need to be adapted several times after the initial fitting before the patient feels
comfortable with them. The patient will be followed at the ocularist once or twice a year to
check if the prosthesis fits correctly in the socket, if it is affecting the lower eyelid (the weight
of the prosthesis is a key factor) or if its surface needs polishing. The ophthalmologist will
check the prosthesis position, the presence or absence of discharge, whether the fornices look
normal, how the superior sulcus is, eyelid malpositions, eyelash malposition, relative enoph‐
thalmos, etc., when the patient visits the clinic.

Exenterated orbits are more difficult to deal with. Orbital prostheses are made by experienced
anaplastologists or ocularists. The material used is completely different, usually silicone. Some
patients may find glasses useful to mask the skin silicone interface. Sometimes, especially in
shallow orbits, the prosthesis may tend to fall; therefore, magnetic coupling with osseointe‐
grated screws can be fitted in, typically several months after epithelialization of the orbit is
complete. Unfortunately, some patients might find that the lack of movement of these
prostheses may make other people feel uncomfortable, and prefer to use just an eye patch.
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4. Orbital implants

Evisceration and enucleation result in an empty cavity and aesthetic problems for the patients
that we should try to avoid. We must be sure that the patient fully understands the information
given about the surgery and expected results in order to obtain the informed consent. Once
this is done, the surgeon will decide the type of orbital implant, which can be placed primarily
or secondarily in another surgery. The implant can be made of synthetic material, autologous
material, or eye-banked tissues. The ocularist has a very important role in the aesthetics of the
patient. Artificial eyes have enormously improved the psychological impact and the physical
image of the person who undergoes this mutilating surgery. It was back in 1885 when Mules
suggested the idea of placing orbital implants in these orbits [4]. Later on, Frost used hollow
glass spheres as orbital implants. The surgical procedure was slightly modified with time. It
was not until 1972 when Soll [19] suggested placing the implant beneath Tenon’s capsule.
Helveston covered the implant with donor sclera. The volume loss in some sockets, the
presence of contracted sockets, or the implant extrusion made Smith and Petrelli propose the
use of dermis-fat grafts in some patients. The ideal implant should fulfill these requirements:
it should replace enough orbital volume, it should permit the artificial eye to move as much
as possible, it should make the eye prosthesis fit adequately in the socket, it should have a low
complication rate, it should be cost-effective and simple to implant in the orbit, biocompatible,
and it should not degrade [20].

Herein, we will review the available types of implants. Bio-inert and nonporous materials have
given way to porous materials. The latter have multiple micropores that are interconnected,
mimicking the human bone trabecular meshwork. Complications after orbital implantation
will depend on several factors, including the surgical technique, the material and size of the
implant, previous orbital treatments (e.g., radiotherapy), orbital disease, poorly fitted artificial
eyes, or infections.

4.1. Implant selection

Both evisceration and enucleation can be performed without orbital implants, but nowadays,
it is very rare not to use them because of the very poor esthetic results. The goal of placing an
implant in the orbit is to compensate the loss of volume, to improve the prosthesis motility,
and to offer a good symmetry with the contralateral eye. Some considerations on these facts
are as follows:

4.2. Replacing volume loss

Volume loss appears to be the main determinant of anatomic changes after enucleation [21].
Human radiographic studies have confirmed that placing a spherical implant within Tenon’s
capsule counteracts the rotation of intraorbital contents after enucleation and associated back-
tilt of the prosthesis. An adequate volume replacement permits a thinner prosthesis, relieving
weight on the lower eyelid and minimizing associated ectropion formation and lid laxity [22].
Furthermore, an inferior displacement of the superior rectus-levator complex is associated to
those changes [23]. Therefore, the implant must be big enough to replace the volume loss but
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eyes, or infections.

4.1. Implant selection

Both evisceration and enucleation can be performed without orbital implants, but nowadays,
it is very rare not to use them because of the very poor esthetic results. The goal of placing an
implant in the orbit is to compensate the loss of volume, to improve the prosthesis motility,
and to offer a good symmetry with the contralateral eye. Some considerations on these facts
are as follows:

4.2. Replacing volume loss

Volume loss appears to be the main determinant of anatomic changes after enucleation [21].
Human radiographic studies have confirmed that placing a spherical implant within Tenon’s
capsule counteracts the rotation of intraorbital contents after enucleation and associated back-
tilt of the prosthesis. An adequate volume replacement permits a thinner prosthesis, relieving
weight on the lower eyelid and minimizing associated ectropion formation and lid laxity [22].
Furthermore, an inferior displacement of the superior rectus-levator complex is associated to
those changes [23]. Therefore, the implant must be big enough to replace the volume loss but
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not too big, which may create excessive tension on Tenon’s capsule that could favor the implant
extrusion.

Proper implant size can be calculated either preoperatively (from the axial length of the eye to
be operated on or the fellow eye) or intraoperatively (determining the volume of fluid
displaced by the enucleated eye in a graduated cylinder). We recommend the first option.
Kaltreider et al. [24] showed that the implant diameter should be the eye’s axial length minus
2 mm or minus 1 mm if the length was calculated with A-scan. An implant that is too small
will need a bigger prosthesis, potentially resulting in lower eyelid laxity and malposition of
the artificial eye. Larger than needed implants will require smaller prosthesis but are associated
to higher exposure rates and may difficult the adaptation of the artificial eye [25]. We follow
the recommendations from Jordan and Klapper for adult patients. These are 20-22 mm
spherical implants in enucleation surgery and 18-20 mm spherical implants in evisceration
surgery [16].

4.3. Maintaining levator function

Another important issue to consider is the functionality of the levator muscle of the upper lid.
The smaller diameter of implant, as compared to the globe alters the functional length and
pivot point of the superior rectus-levator complex [26]. These factors may lead to a decreased
levator function and ptosis. This situation can be improved either by surgery or by adding to
the superior margin of the prosthesis additional material.

We should remember that with time, the orbital tissues of an anophthalmic orbit tend to
contract towards the orbital apex, that is, nasally and inferiorly [27].

We can consider orbital implants in two main groups: integrated and nonintegrated implants.

4.4. Nonintegrated implants

They do not have a surface where rectus muscles can be anchored, nor they allow fibrovascular
tissue to grow in them (this is why we call them nonintegrated). They include implants made
of glass, rubber, iron, acrylic material, silicone, gold, silver, or polymethylmethacrylate [28].
Their only function is to replace the volume loss and to improve the cosmetic result. If the
surgeon wants to increase the motility of the implant and, consequently, of the prosthesis, the
rectus muscles should be repositioned and sutured to the anterior pole of the implant in order
to move the artificial eye when the implant moves. Unfortunately, the movements achieved
with this method are of smaller range than dose achieved when the implant is pegged. Some
authors have suggested that when the rectus muscles are placed as described previously, that
is, in the anterior pole of the implant, it may migrate when the muscles contract. Mourits et al.
[29] consider that acrylic implants have a low extrusion rate and are easier to implant and
explant (their surface is smoother, and there is no fibrovascular ingrowth to retain the implant)
and are cheaper than porous implants. Nonintegrated implants have been widely used and
have achieved good results in the end of the 19th century and all over the 20th century.
Nowadays, they are still used in patients over 70 years old.
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4.5. Integrated implants

4.5.1. Hydroxyapatite

Coralline hydroxyapatite is used frequently in enucleation surgery. It began to be used in
orbitary implants in the 1980s. It is a calcium phosphate salt present in the human bone. It is
considered to be nontoxic, nonallergenic, and biocompatible. It allows fibrovascular tissue to
grow in the implant, thanks to its 3-D architecture [30]. If the fibrovascular growth is poor,
there is a risk of implant extrusion. There are two commercially available implants: Bio-Eye
(Integrated Orbital Implants, Inc., San Diego, CA) and M-Sphere (IOP, Inc., Costa Mesa, CA).
Bio-eye has been the first choice for many surgeons for years. In a survey performed in 2002
with the oculoplastic surgeon members of the American Society of Ophthalmic Plastic and
Reconstructive Surgeons (ASOPRS), they inquired about their preferences in primary enu‐
cleations; 27.3% used hydroxyapatite while 42.7% used porous polyethylene [31]. Jamell et al.
[32] suggested that the best way to evaluate fibrovascular growth into the implant is contrast-
enhanced magnetic resonance with surface coil. They were able to show early fibrovascular
growth in the implant being the central ingrowth of the fibrovascular tissue slower. This
evaluation of the central vascularization of the implant is of great importance in order to know
when to peg the implant. The greater vascularized the implant, the bigger the risk of blood
when the implant is drilled, but at the same time, it is believed to reduce to the risk of infection,
exposure, and migration [32,33]. Nevertheless, this technique has its drawbacks; it is time
consuming and expensive. Therefore, sometimes you cannot detect complications of the
vascularized implant on time. Due to this, Qi-hua et al. [34] used contrast-enhanced ultraso‐
nography (CEUS) as an alternative to evaluate the implant’s vascularization, claiming it is also
effective and it is cheaper than the contrast-enhanced MRI. In order to increase the vasculari‐
zation of the implant, some authors suggest to drill an additional number of holes in the
implant where the scleral windows should be before inserting it in the cavity [35]. It is believed
that increasing the fibrovascular ingrowth in the implant will decrease its risk of migration
and extrusion. It should be emphasized that this type of implant is usually covered with donor
sclera or other materials because its rough surface easily erodes the conjunctiva when the
implant moves. This coating of the implant is useful to attach the extraocular muscles too.
There is synthetic hydroxyapatite, which is half the price of coralline hydroxyapatite. It is easier
to drill and to place the peg. There is also bovine hydroxyapatite from the cancellous bone of
calf fibulae, fully deproteinized so as to be antigen-free.

When a peg is fit into the implant, this is done 6 or more months after the surgery because this
is the time estimated for the vascularization to establish in the implant. This procedure is used
in those patients who desire to increase the prosthesis motility.

Complications related to this type of implant are discharge, pyogenic granulomas, loss of the
peg, reduced prosthesis motility, and an audible click, which can be annoying for the patient
[36]. Calcified hydroxyapatite implants are capable of absorbing radiation. This is of special
importance in children that have undergone enucleation surgery secondary to retinoblastoma,
as it hinders local recurrences and decreases the effect of secondary orbital irradiation when
needed [36-38]. Most patients are satisfied with the cosmetic outcome of the nonpegged
implant and do not desire an additional procedure with increased risks for complications.

Advances in Eye Surgery48



4.5. Integrated implants

4.5.1. Hydroxyapatite

Coralline hydroxyapatite is used frequently in enucleation surgery. It began to be used in
orbitary implants in the 1980s. It is a calcium phosphate salt present in the human bone. It is
considered to be nontoxic, nonallergenic, and biocompatible. It allows fibrovascular tissue to
grow in the implant, thanks to its 3-D architecture [30]. If the fibrovascular growth is poor,
there is a risk of implant extrusion. There are two commercially available implants: Bio-Eye
(Integrated Orbital Implants, Inc., San Diego, CA) and M-Sphere (IOP, Inc., Costa Mesa, CA).
Bio-eye has been the first choice for many surgeons for years. In a survey performed in 2002
with the oculoplastic surgeon members of the American Society of Ophthalmic Plastic and
Reconstructive Surgeons (ASOPRS), they inquired about their preferences in primary enu‐
cleations; 27.3% used hydroxyapatite while 42.7% used porous polyethylene [31]. Jamell et al.
[32] suggested that the best way to evaluate fibrovascular growth into the implant is contrast-
enhanced magnetic resonance with surface coil. They were able to show early fibrovascular
growth in the implant being the central ingrowth of the fibrovascular tissue slower. This
evaluation of the central vascularization of the implant is of great importance in order to know
when to peg the implant. The greater vascularized the implant, the bigger the risk of blood
when the implant is drilled, but at the same time, it is believed to reduce to the risk of infection,
exposure, and migration [32,33]. Nevertheless, this technique has its drawbacks; it is time
consuming and expensive. Therefore, sometimes you cannot detect complications of the
vascularized implant on time. Due to this, Qi-hua et al. [34] used contrast-enhanced ultraso‐
nography (CEUS) as an alternative to evaluate the implant’s vascularization, claiming it is also
effective and it is cheaper than the contrast-enhanced MRI. In order to increase the vasculari‐
zation of the implant, some authors suggest to drill an additional number of holes in the
implant where the scleral windows should be before inserting it in the cavity [35]. It is believed
that increasing the fibrovascular ingrowth in the implant will decrease its risk of migration
and extrusion. It should be emphasized that this type of implant is usually covered with donor
sclera or other materials because its rough surface easily erodes the conjunctiva when the
implant moves. This coating of the implant is useful to attach the extraocular muscles too.
There is synthetic hydroxyapatite, which is half the price of coralline hydroxyapatite. It is easier
to drill and to place the peg. There is also bovine hydroxyapatite from the cancellous bone of
calf fibulae, fully deproteinized so as to be antigen-free.

When a peg is fit into the implant, this is done 6 or more months after the surgery because this
is the time estimated for the vascularization to establish in the implant. This procedure is used
in those patients who desire to increase the prosthesis motility.

Complications related to this type of implant are discharge, pyogenic granulomas, loss of the
peg, reduced prosthesis motility, and an audible click, which can be annoying for the patient
[36]. Calcified hydroxyapatite implants are capable of absorbing radiation. This is of special
importance in children that have undergone enucleation surgery secondary to retinoblastoma,
as it hinders local recurrences and decreases the effect of secondary orbital irradiation when
needed [36-38]. Most patients are satisfied with the cosmetic outcome of the nonpegged
implant and do not desire an additional procedure with increased risks for complications.

Advances in Eye Surgery48

4.5.2. Porous Polyethylene (MEDPOR)

It is made of synthetic, high-density polyethylene powder. It is flexible and easily moldable in
order to adapt it to different shapes [39]. In contrast with hydroxyapatite, it is cheaper, it does
not need to be wrapped because the rectus muscles can be tied to it, and it is easier to place in
the orbit. Instead of using sutures, some authors have tried to fix the muscles to MEDPOR
implants with 2-ocetyl-cyanoacrylate tissue glue [40]. This proof-concept study concluded that
this technique seemed safe and had good functional and anatomical results. Porous polyethy‐
lene allows fibrovascular ingrowth, but this does not happen as fast as it does in hydroxya‐
patite. A major drawback of porous polyethylene was that there was no integrating device for
the ocular prosthesis available. Shore [41] described a titanium postcoupling system that was
included in the implant 6-12 months after the primary surgery. Generally speaking, these
implants offer excellent motility, good tolerance, and very few complications. Timoney et al.
[42] reported two cases of foreign body inflammatory giant cell reaction in patients who
underwent orbital fracture repairs with porous polyethylene implants.

4.5.3. Proplast

This is an alloplastic, biologically inert porous material. It allows fibrovascular ingrowth and
attachment of extraocular muscles.

4.5.4. Aluminum oxide

It is a porous ceramic bio-inert material, structurally strong, and free of contaminants. It is
cheaper than hydroxyapatite, and its surface is smoother. It is too biocompatible and generates
a very mild inflammatory response. It can also be wrapped in Vicryl (polyglactin 910) mesh.

5. Wrapping material

Implant covering improves the volume of the orbit and motility of the prosthesis and provides
an additional barrier for the implant. All of these are important factors for an optimal surgical
result. It is usually done in nonintegrated implants like silicone but can be used in hydroxya‐
patite too in order to protect the Tenon’s layer and the conjunctiva from the erosion of the
rough implant surface.

5.1. Donor sclera

Once warmed up to room temperature, it is advisable to send cultures of the liquid in order
to discard any possible microbiological contamination. Sclera is placed over the implant and
sutured with 4-0 or 5-0 nonabsorbable running sutures. Due to its origin, there is a small
possibility of infection transmission, including human immunodeficiency virus, hepatitis B or
C virus, and Creutzfeldt-Jakob disease. These risks have made many surgeons abandon this
wrapping material.
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5.2. Autologous tissue

This type of tissue includes temporalis fascia, dermis, human donor pericardium, fascia lata,
or posterior auricular muscle complex [43]. Their autologous origin prevents an immune host
versus graft reaction. Nevertheless, they require an extra surgical procedure to harvest them
and prepare them to cover the implant, which increases surgical time, and there is always the
risk of donor site morbidity.

5.3. Synthetic tissue

Polyglactin 910 mesh (Vicryl mesh, Ethicon, Sommerville, NJ, USA) is used to wrap hydrox‐
yapatite and bioceramic orbital implants. It offers a series of advantages: there is no risk of
disease transmission, there is no need of a second surgical site, and it is easy to use. It has a
porous structure that allows fibrovascular ingrowth [33]. Polytetrafluoroethylene and
polyglicolic acid (Dexon mesh style no8, Davis & Geck, Manati, Puerto Rico) have also been
used as implant cover materials.

Hydroxyapatite polyglactin mesh-wrapped implants [44] have been used in secondary
implants with good results both in prosthesis motility and low exposition rate.

6. Considerations in children

The anophthalmic or microphthalmic socket in children has special features that we will
discuss. One of the most important issues is that the orbit of the child should continue growing
after the eye is removed. The surgeon must have that in mind in order to achieve good cosmetic
and anatomical results. This will condition the implant selection.

The most frequent cause of enucleation in pediatric age is retinoblastoma. There has been a
special concern whether to place an implant in these orbits due to the difficulties in the follow-
up and the detection of tumor recurrence with an orbital implant in place. However, once it
was observed that orbits in children with no orbital implants did not develop appropriately,
the decision to implant was taken. Normal face and bony orbit growth depends on the orbital
soft tissue contents. When the child is five and a half years old, his face is about 90% of the size
of an adult’s face [45]. Generally talking, the management of an anophthalmic socket in a child
younger than 5 years old requires an implant that can increase in size, such as a dermis-fat
graft or orbital tissue expander. A large fixed-sized orbital implant can be placed in children
older than 5 years [46]. Orbital growth is completed by the time the child is 12-14 years old [47].
Dermis-fat grafts harvested from the thigh have shown to stimulate orbital growth in children
[48], but their motility is poor. Thus, this is an ideal implant for children younger than 5 years
old. The dermis-fat graft is also used to cover hydroxyapatite exposures and to reconstruct
sockets. A low incidence of complications has been reported with hydroxyapatite implants in
a large series of pediatric patients who had undergone enucleation surgery for different
reasons after 60 months of follow-up and excellent cosmetic results. We should not forget that
when treating an anophthalmic cavity in a child, we need to increase the conjunctival fornices,
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increase the width of the palpebral fissure promoting at the same time the eyelid growth, and
expand the orbital bones. These goals can be achieved with a good surgical implant and the
use of progressively larger conformers.

Jordan and Klapper recommend choosing the implant depending on several factors. If a child
younger than 5 years undergoes enucleation, they choose a 16-18 mm of diameter wrapped
nonporous implant (e.g., silicone). They stress that you should introduce the biggest implant
that does not create tension when closing the Tenon’s and conjunctival layers. Another option
may be dermis-fat grafts, knowing that they can reabsorb and loose some of its volume and
taking into account that the artificial eye movements will be very limited. In children aged 5-15
years, they recommend hydroxyapatite or aluminum oxide [16]. On the other hand, Shah et
al. used hydroxyapatite implants with low complication rates and good motility and high
patient/family cosmetic satisfaction on long-term follow-up in 531 orbits of children with an
average age of 3 years.

7. Postoperative complications

7.1. Anophthalmic socket complications

We can divide them depending on the surgery performed in the socket.

Patients underwent enucleation or evisceration.

7.1.1. Dryness, discharge, or irritation

Tear secretion may decrease with time [50]. Patients may be advised to use artificial tears or
gel. Saline solution can be used to clean the ocular surface. Most anophthalmic sockets have
some degree of discharge. Foreign body reaction, loss of prosthetic surface polishing, and
therefore smooth surface, abrasion of conjunctival surface, and accumulation of debris
between the prosthesis and the conjunctiva are factors that are believed to increase the
production of debris and discharge [51]. It is advisable to minimize the handling of the
prosthesis. If discharge is present, both the socket and the prosthesis should be evaluated.
Scratches and loss of luster are relatively frequent, especially if the prosthesis is old. The
ocularist usually helps with keeping the surface polished by smoothing the surface and
removing proteins and debris every 6 or 12 months. Once surface problems or inadequate fit
in the socket have been discarded, steroid or antibiotic steroid drops can be used once or twice
daily. If the discharge is mucopurulent, especially if the eyelids are swollen and conjunctival
hyperemia and chemosis is present, an infectious conjunctivitis should be considered.
Treatment should include cultures and antibiotic (quinolone) drops.

Some patients may have a giant papillary conjunctivitis, which may require steroid and
antihistamine drops. The artificial eye should be removed in the night and washed in soft
contact lens daily cleaner and denture cleaning products.
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7.1.2. Pain

Pain after eye removal is difficult to handle. If the prosthesis is correctly fit in the orbit, the
conjunctiva should be checked for any signs of inflammation or infection. If the implant
migrates anteriorly, it can compress the tissue and hurt. Pain may have its origin in the trochlea.
This can be examined by pressing on this zone. If the pain resembles that experienced by the
patient, triamcinolone injection in the trochlea can be effective [52]. Other causes or pain may
be amputation neuroma, sinus inflammation, tumor, depression, or secondary gain [53].

7.1.3. Orbital cysts

They manifest as pain or pressure sensation or even only increased difficulty to fit the artificial
eye. Cysts may grow if conjunctival epithelium is incarcerated after wound closure or when
there is epithelial ingrowth in wound dehiscence [54]. Management options are complete
surgical excision, marsupialization, absolute alcohol injection, or trichloroacetic acid (TCA)
injection [55].

7.1.4. Lower eyelid malposition

When the eye is enucleated, the disruption of the fibrous framework of the orbit may result in
the rotation of the orbital contents inferiorly and anteriorly. This will shallow the inferior fornix
and tilt the prosthesis. The inferior portion of the prosthesis pushes on the inferior eyelid, while
the superior portion moves posteriorly inside the orbit, deepening the superior sulcus. Both
of these two features are part of the anophthalmic socket syndrome, which includes an upper
eyelid ptosis, a deep superior sulcus, an enophthalmos, a lower eyelid malposition, and a fornix
retraction. With time, the lower eyelid becomes more lax, especially when heavier prosthesis
is fitted. This enhances the inferior migration of orbital tissues. The final result is a poorly
fitting artificial eye, lower eyelid malposition, shortening of the inferior fornix, and deepening
of the superior sulcus. In older patients, the laxity of the inferior eyelid increases, especially
when wearing a prosthesis even if it is not heavy.

7.2. Eyelash misdirection and entropion

Several situations are responsible for eyelash misdirection. Fornix contracture is one of the
most common due to the trauma of surgery of the eye removal or contracture as a result of
chemical burn. Sometimes the contracture of the fornix is result of the contracture of the
conjunctiva as a result of chronic inflammation. Lower eyelid laxity can also produce eyelash
misdirection. In order to correct eyelash misdirection, there are a series of options depending
on the underlying cause. When laxity of the eyelid is present, lateral canthoplasty can be a
good option. A transverse tarsal incision with marginal rotation is a simple way to change the
direction of the eyelashes. If there is a shallow fornix, a silicone band to reform the fornix is a
suitable option, but if there is a moderate to severe contraction of the fornix, fornix deepening
will require grafts that may be harvested from the hard palate, ear cartilage, or contralateral
upper lid tarsus.
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7.2.1. Ectropion

It is normally associated to lower eyelid laxity with aging in normal anophthalmic sockets.
Heavy prosthesis or frequent removal of the artificial eye will result in premature ectropion,
sometimes in very young patients. If the enucleation was due to orbital and eye trauma, skin
scars can precipitate the apparition of ectropion. When ectropion is due to eyelid laxity, lateral
tarsal strip is a good and a simple surgical option that offers good results. Heavy prosthesis
should be changed for lighter ones. Anterior lamella contraction should be treated with skin
or skin and muscle grafts and may benefit from lateral canthopexy procedures to tighten the
eyelid.

7.2.2. Ptosis

Ptosis in an anophthalmic socket is sometimes difficult to manage. Too small or too big
implants, migration of the implant, levator traumatic damage, trauma from a poorly fitted
prosthesis, trauma from the original injury, or levator aponeurosis dehiscence from the tarsal
plate can end in upper eyelid ptosis. If the implant is too small, it can be replaced for a bigger
one or volume can be increased with a dermis-fat graft. When the implant migrates inferior
and anteriorly, it can be repositioned superior and posteriorly with a subperiosteal implant.
Once the other factors have been considered and corrected if possible, a levator aponeurosis
advancement can be achieved through an anterior approach. The anterior approach will
preserve the conjunctiva from potentially contract and helps to create a symmetric eyelid
crease.

7.2.3. Deep superior sulcus and enophthalmos

Soft tissue and volume changes in the socket after enucleation or evisceration are responsible
of upper lid ptosis and lower lid laxity but also deepening of the superior sulcus. Even when
the initial surgical result may be satisfactory, with time, the implant may migrate inferior and
anteriorly, deepening the superior sulcus and making the eye socket look sunken or enoph‐
thalmic. Conservative management may include alterations in the prosthesis or wearing
glasses to camouflage the superior sulcus. Best results should be expected with surgery.
Volume augmentation with orbital floor implant placement is the first step, followed by
superior sulcus fat grafting and lower lid tightening. The last surgical procedure will be ptosis
repair.

Orbital floor implants placed subperiosteally are indicated if the implant is of adequate size
and in position. Different materials such as acrylic (polymethylmethacrylate), bone grafts,
hydroxyapatite, autogenous fat, injectable hydroxyapatite, dermis-fat grafts, and others have
been used. Polymethylmethacrylate is a well-tolerated material placed subperiosteally using
a swinging eyelid technique. This implant displaces the orbital implant and surrounding
connective tissue and fat anterior and superiorly, thus reducing the sunken superior sulcus. If
there is a residual defect after this surgery or when the defect of the superior sulcus is mild or
when the patients rejects the placement of a subperiosteal implant, the superior sulcus can be
filled with a dermis-fat graft or with an autologous fat graft or a dermal filler such as hyaluronic
acid [56]
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7.2.4. Implant exposure or extrusion

They are the most frequent complications reported in the literature. They can happen with any
kind of implant and at any time. There are many factors involved, including incorrect closure
of the wound, infections, implant too large for the socket, bad prosthesis adaptation, or delayed
fibrovascular ingrowth.

Exposures in the first 3 months after the surgery are probably due to poor wound healing or
surgical closure or incorrect position of the orbital implant. Once again, we would like to
highlight the importance of a correct tension-free closure of Tenon’s layer. Exposures occurring
3 months to 1 year after surgery can be due to the factors previously reported and others like
infection or inflammatory response. When exposures occur beyond the first 2 years, they are
usually due to mechanical factors such as friction or pressure from the prosthesis [57].

If a nonporous implant exposition is acute and not too big, it can be solved with prompt medical
or surgical treatment, but when the exposition is big (more than 3 mm) or long lasting (4 months
or more), it usually leads to implant extrusion and, therefore, to its removal. On the other hand,
exposed porous implants generally do not extrude because of their fibrovascular anchorage
in the socket [58]. Although some porous implants can expose 10 years after surgery, most of
the exposures take place within the first year after the surgery. As mentioned above, the use
of materials that cover porous implants is an attempt to reduce implant exposition when the
surface of the implant is rough enough to rub and tear the conjunctiva. However, Suter et al.
[59] have suggested that this kind of material could produce the contrary effect as it would act
as a barrier to fibrovascular ingrowth. Kamai et al. [60] used 20% autologous serum when there
was conjunctival postoperative dehiscence and necrosis with good results. They recommend
to put a drop at least 10 times a day. They observed that the healing occurred after 2 weeks of
autologous serum use, preventing the exposure of the implant. Quaranta-Leoni et al. [61] found
the presence of Gram-positive cocci infection in 59% of the patients in a group of 25 people
when the porous orbital implants were exposed requiring explantation. A histopathological
examination showed the presence of a chronic inflammatory infiltrate in 22 implants (88%)
and significantly reduced fibrovascular ingrowth of the implant in all patients. They consid‐
ered a good surgical option the implantation of a dermis-fat graft in the socket once explanted
the implant in order to address the volume deficit following implant removal.

There are many surgical options to treat exposed implants: scleral patch grafts [62], mucous
membrane grafts [63], temporalis fascia grafts [64], conjunctival pedicle grafts [65], and dermis-
fat grafts [66]. Chu et al. [67] proposed a triple layer to treat exposed implants: donor sclera,
muscle flaps, and oral mucosa.

7.2.5. Socket contracture

The patient will complain that the prosthesis keeps falling out of the socket. Acquired socket
contraction is the consequence of shrinkage and shortening of some or all of the tissues of the
anophthalmic orbit; thus, the fornices are not able to retain the prosthesis. In order to prevent
it, it is mandatory to carry out a straightforward enucleation or evisceration surgery that is,
taking care to keep trauma to the conjunctiva, connective tissue, and orbital at minimum levels.
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Fornices should not be undermined, and cauterization should be minimized by using gauzes
soaked in freezing water and using the bipolar cautery with low energy levels. The conformer
should be fit in the socket once the surgery is finished and kept in place until a nondefinite
artificial eye is fitted [68]. The more surgeries a socket undergoes, the bigger the risk of
developing a socket contracture. In order to simplify its management, we can classify it into
the following:

Mild socket contracture. When the posterior lamella shortens, the lashes rotate inward and
entropion develops. There is a decrease of the inferior fornix causing a prolapse of the inferior
pole of the prosthesis. A transverse tarsal incision with marginal rotation is the initial treatment
of choice [69]. There is usually a lower eyelid horizontal laxity too. When there is enough
conjunctiva, a lateral canthal tendon procedure associated to a fornix reformation procedure
should be performed. The fornix is reformed using 3-0 or 4-0 polyglactin sutures anchored to
the periorbita and skin tied over a bolster [70]. However, if there is a lower lid contraction, a
posterior lamella lengthening procedure is the best option. Several autogenous spacer grafts
have been used: fascia lata, oral mucosa [71], nasal cartilage, hard palate, upper eyelid tarsus,
or auricular cartilage [72]. Auricular cartilage is easy to harvest, provides support for the
artificial eye, lengthens the posterior lamella, and prevents forward tilt of the prosthesis [73].
Oral mucosa is an excellent option to increase the mucous surface but lacks supportive
properties.

Moderate socket contracture. One or both of the fornices are contracted. Typically, the first to
contract is the inferior fornix. When the superior fornix contracts, the artificial eye may be
retained but the eyelid excursion may be very limited. The gold standard for the treatment of
moderate socket contracture is mucous membrane grafting, usually obtained from oral (lip)
or buccal (cheek) mucosa [74,75]. Grafts undergo shrinkage with time, so a graft harvested 40%
bigger than the defect is recommended. The conjunctiva is undermined, and the graft is
sutured with absorbable 7-0 interrupted sutures. A retinal band can be used to reform the
inferior and upper fornices, anchoring it to the periorbita and the skin with bolsters. Then a
conformer is placed. Amniotic membrane has also been used as a graft with good results.

If the patient has a socket volume deficiency associated to the socket contracture, the patient
will improve with a dermis-fat graft [76], increasing the orbital volume and the conjunctival
surface area.

Severe socket contracture. The conjunctival fornices are nearly or completely obliterated, and the
prosthesis may fall constantly or give the patient a “staring” appearance. It is frequent to have
discharge and irritation or even an active inflammation. The goal of the surgery is to make the
patient comfortable and have a good cosmesis. The patient may need to undergo several
surgeries with buccal mucosa grafts and flaps from temporalis muscle or radial forearm. When
results are very poor, some patients may benefit from an exenteration procedure, which may
improve the aesthetics and the comfort of the socket.

Patients underwent exenteration.
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7.3. Exenterated orbit

7.3.1. Sino-orbital fistula

Its frequency has been reported to be as high as 68% [77] and as low as 28% [78]. It is more
common when the orbit is left to granulate rather than when a skin graft is used.The majority
affect the ethmoid sinus. Risk factors are surgical trauma to the ethmoid or lacrimal bones,
sinus disease, radiotherapy, and immunocompromised. They can lead to ethmoidal sinusitis.
Management ranges from conservative socket hygiene to surgical repair with flaps or grafts,
but it is not unusual for the fistula to recur [79].

7.3.2. Chronic discharge

Once healed, if the socket has a sino-orbital fistula, pus from the ethmoid sinus can drain to
the orbit when sinusitis is present. In these cases, systemic antibiotics like third-generation
cephalosporin twice daily for 14 days may be enough. If medical treatment is not curative, the
patient may be referred to the head and neck surgeon in order to program the patient for
endoscopic sinus drainage surgery.

The skin coating the orbit will need to be cleaned with soap and water, just as any other part
of the body. Sometimes patients are reticent to let anyone do this for them and it is relatively
frequent to find dirty skin in the orbit.

7.3.3. Cerebrospinal fluid leak

A cerebrospinal fluid (CSF) leak may lead to meningitis, delayed cerebral abscess, seizures,
CSF hypotension with position-dependent headache syndrome, occult hemorrhage, and even
death [80]. The incidence reported by an Australian team was 0.6% [81]. However, it can be as
high as 29% [82]. Interestingly, the intraoperative use of monopolar cautery in areas of thin
orbital bone may contribute to the incidence of CSF leaks [83]. Once you detect clear liquid
leaking from the bone in areas of high risk of encountering dura, prompt treatment usually
ends in good results. It is very advisable to consult the neurosurgery team. A dural laceration
can be sutured with 5-0 or 6-0 polyglactin or nylon to create a watertight seal. If the defect is
large, an autologous graft (fat, temporalis muscle or fascia, and pericranium) and a tissue
adhesive such as human fibrinogen and bovine thrombine or cyanoacrylate [84] can be used.
In smaller defects, tissue adhesives may be enough to seal the leak. Additional materials used
in the repair of CSF leaks at other sites include the use of gelfoam® in epidural blood patches.
At the end, packing material can be placed in the socket to hold the plug of muscle or fascia
against the defect and therefore protect from further leakage. After surgery, the patient must
avoid blowing his or her nose and coughing as well as physical activity. Acetazolamide is used
to reduce the production of CSF in order to treat CSF leaks. Some authors use systemic
antibiotics when there is an intraoperative leak of CSF, but many believe they are unnecessary
to prevent meningitis [85].
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7.3.4. Delayed healing

The orbital defect left to heal spontaneously once exenterated will granulate slowly if allowed
only to grow from the orbital rim, and it will heal faster when it heals from spared eyelids.
Nevertheless, this will take at least 2-3 months more than when the defect is covered by a
temporalis muscle transposition [86], dermis-fat graft (in subtotal exenteration), or split skin
graft [87]. Healing by granulation has shorter operating room time and allows for better clinical
monitoring of recurrence. However, it requires frequent visits to change the dressings [88],
every week and sometimes every 2 or 3 days, and may delay other therapeutic procedures
such as radiotherapy. Depending on how the granulation process is developing, dressings may
need to be associated to hydrogel mesh or silver mesh. Orbital obliteration with temporalis
muscle or a graft may induce less pain, improve personal hygiene, and reduce the risk of sino-
orbital fistula, but it requires image techniques such as MRI, CT, or PET to detect local
recurrences.

7.3.5. Tumor recurrence

Tumor recurrence following orbital exenteration can occur in 24-45% of cases [82,89]. Early
detection of tumor recurrence in patients who have undergone orbital exenteration is very
important. This task is relatively easy when the orbit was left to granulate, but it is difficult
when the normal anatomical landmarks have been lost (like when exenteration is associated
to ethmoidectomy), and there are flaps covering large cavities. Recurrent tumors may appear
as soft tissue similar to the primary tumor, especially in the first 2 years of the surgery (65%
of the cases) and in the margin of the flap [90]. Lee et al. recommend to follow this patients
with frequent MRI, at least every 4 months after surgery for the 2 first years and every 6 months
for 3 more years. On MRI, recurrences appear on the margin of the flap and are often T2
isointense, as opposed to the hyperintense appearance described in normal flaps. PET has also
been used to help to differentiate recurrence from scarring or radiation-associated tissue
changes.

8. Conclusions

The removal of the eye in any surgical variants (enucleation, evisceration, and exenteration)
requires a careful and thorough planning process. A detailed patient explanation of the causes
that have led to this type of surgery is mandatory as a breakdown of the consequences of the
operation. These explanations should be extended to the family as the immediate aesthetic
impact not only affects the patient. Once the most appropriate surgical technique has been
chosen, it should be planned in detail beforehand, including potential needs for collaboration
with other surgical specialties such as plastic surgery, maxillofacial surgery, neurosurgery, or
otolaryngology. It is also important to have the support of anesthesiology for good intraoper‐
ative monitoring of the patient. The surgical procedure must be done with thoroughness and
patience since the surgical time is long in many cases, and rigorous performance of the surgical
steps is one factor that decreases the rate of complications. In cases where an implant is
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required, this can be carried out in a primary or secondary way. The advantages and disad‐
vantages of different types of implants and the use of wrapping material is widely discussed
with the patient. It is important to emphasize the patient-recovering milestones and possible
postoperative complications as well as the need for other secondary surgical techniques, e.g.,
eyelid surgery. Postoperative follow-up is crucial to detect and treat complications as early as
possible. Finally, we would like to stress that collaboration with the ocularist is essential in
order to get a good adaptation of the prosthesis and aesthetical patient satisfaction.
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Abstract

Purpose: To evaluate the safety and efficacy of subconjunctival injection of low dose mi‐
tomycin C (MMC) in the management of pterygium.

Patients and Methods: This study was carried out from February 2006 to April 2007 in the
eye clinic of Vali-e-Asr Hospital of Birjand University of Medical Sciences. Forty eyes
with primary pterygia received 0.02 mg MMC (0.1 ml of 0.2 mg/ml solution, Kyowa Hak‐
ko Kogyo Co. Ltd., Tokyo, Japan) subconjunctivally injected into the body of the ptery‐
gium. Patients were followed at one day, one week, one month, six months and one year
after injection. Patients were examined at all visits for conjunctivally erythematic, epithe‐
lial defects; intraocular pressure; topography; keratometry; and other complications
(complete slit-lamp examinations).

Results: The only complications after subconjunctival MMC injection were mild chemo‐
sis, long discomfort, and redness in the site of injection for four days, which were seen in
six patients (15%). Toxicity of MMC was not observed in any case. The size of pterygia
reduced in 83% of cases and progression were not seen in any case. The amount of astig‐
matism reduced in 70% cases (mean 0.27 diopter).

Conclusion: Subconjunctival injection of MMC is an effective treatment and allows exact
titration of MMC delivery to the activated fibroblasts and minimizes epithelial toxicity
but long term follow up is required.

Keywords: pterygium, mitomycin C, subconjunctival, complication

1. Introduction

Pterygium is a fibro vascular overgrowth of degenerative conjunctiva tissue that extends across
the limbos and invades the cornea [1, 2].

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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The risk factors for pterygium development include exposure to ultraviolet (UV) light, dust,
wind, heat, dryness, and smoke [2].

The primary indication for surgical removal of pterygium is visual acuity reduction. The cause
of this phenomenon is extension of remaining scar to visual axis [3]. Irregular astigmatism,
reduced vision, discomfort and irritation, difficulty with contact lens wear, refractive surgery,
and cosmetic deformity are other reasons for surgical intervention [3].

A wide range of surgical procedures for removal of pterygia have been reported [4]. However,
recurrences after excision have been reported to be very high. For example, it has been reported
as high as 30% to 80% with the bare sclera technique [5]. The conjunctiva auto graft transplan‐
tation effectively prevents pterygium recurrence [6, 7, 8].

MMC is an antibiotic, antineoplastic agent that selectively inhibits the synthesis of DNA,
cellular division, and protein [9]. The mechanism of action of MMC seems to be inhibition of
fibroblast proliferation at the level of the episclera [10, 11, 12].The benefit of MMC is having
prolonged, but not permanent, effectiveness on suppressing human fibroblasts [13, 14, 15].

Although multiple studies have reported recurrence rates of approximately 5% to 12% with
the use of topical MMC [16, 17], this technique has been associated with rare but significant
conjunctival and corneal toxicity [16]. In an attempt to decrease ocular morbidity, the intrao‐
perative administration of MMC was applied directly to the sclera bed, which has gained
increasing acceptance. Recently, combined pterygium removal with intraoperative MMC and
conjunctiva auto grafting for primary and recurrent pterygium has been described [18].

The purpose of this study was to evaluate effectiveness by applying MMC at low concentration
and low volume.

2. Patients and methods

Forty consecutive patients (40 eyes) with primary pterygia who attended the eye clinic, Vali-
Asr Hospital of Birjand University of Medical Sciences, between 2006 and 2007 were included
in this study. All patients had primary pterygium grade I or II and were not previously
operated. The grading used was as follows: Grade 1: small primary pterygium, fibrous type,
pinguecular, and classical type. Grade II: advanced primary pterygium with no optical zone
involvement. Grade III: advanced primary pterygium with optical zone involvement. We
selected only grade I and II.

A complete ocular examination, including slit-lamp examination and hematological exami‐
nation, was performed on each patient. All surgeries were performed by one surgeon (Dr.Da‐
vari). Satisfaction of Ethical Clearance Committee accepted and all patients were given an
explanation of the procedure and informed consent was obtained from all.

A drop of tetracaine 0.5% was instilled in the involved eye for topical anesthesia and the
patients were injected subconjunctivally with a 30-gauge needle on an insulin syringe con‐
taining 0.1 ml of 0.2 mg/ml of MMC (Kyowa Hakko Kogyo Co. Ltd. Tokyo, Japan). The injection
was done directly into the pterygium 1mm from limbos (Figure 1).
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Figure 1. (a) Subconjunctival injection of MMC directly into pterygium, (b) After injection of MMC the degree of in‐
flammation reduced.

(a) (b)

Figure 2. (1A) Before MMC injection, (2A) After MMC injection

(a) (b)

Figure 3. (1B) Before MMC injection, (2B) After MMC injection
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(a) (b)

Figure 4. (a) Before MMC injection, (b) After MMC injection

(a) (b)

Figure 5. (a) Before MMC injection, (b) After MMC injection

(a) (b)

Figure 6. (a) Before MMC injection, (b) After MMC injection
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Figure 6. (a) Before MMC injection, (b) After MMC injection
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Figure 7. (a) Before MMC injection, (b) After MMC injection

(a) (b)

Figure 8. (a) Before MMC injection, (b) After MMC injection

All patients received one drop of chloramphenicol 0.5% and betamethasone 0.1% eye drops
that were instilled four times daily for two days. After injection, patients were followed up at
one day, one week, one month, six months, and one year. All patients were examined by a slit
lamp at all visits for conjunctiva erythematic, epithelial defects, intraocular pressure, and other
complications (complete slit-lamp examinations). The changes of pterygium size were
evaluated by biomicroscope measurement (slit-lamp). (Base) × (apex) × (length) vs. mean size
before and after MMC injection: (base means: up to down of pterygium in limbos, apex means:
end of pterygium in cornea). The changes of refraction were also evaluated with topography
and keratometer before and after injection.

Exclusion criteria were collagen vascular disease or other autoimmune diseases; pregnancy;
ocular surface pathology or infectious, previous limbal surgery; and type III of pterygium.

3. Result

Of the 40 patients who participated in this study, 18 (45%) were males and 22(55%) were
females. The mean age was 41.50 years. 16 (40%) left eye and 24 (60%) right eye. The patients

Subconjunctival Mitomycin C Injection into Pterygium Decreases Its Size and Reduces Associated Complications
http://dx.doi.org/10.5772/60090

71



were followed up from 12 to 14 months after injection (the mean follow-up period was 12
months). According to this study, 22.50% were farmers, 45% were housewives, and 32.50%
had other occupations.

Within 1–3 days after the subconjunctival injection of MMC, 6 patients complained of irritation
accompanied with mild conjunctiva swelling, hyperemia, and tearing (15%). These processes
were controlled completely by using betamethasone 0.1% more frequently within 1 week. The
pterygia were less vascular and less inflamed at the 6th-month visit after MMC injection.

We detected the reduced size of pterygium (mean size before MMC injection: 5.3mm (base)
×2.3 (apex) ×2.4(length) vs. mean size after MMC injection: 5mm (base) ×2.1mm (apex) ×1.56mm
(length)) with mean 0.48 mm (base means: up to down of pterygium in limbos, apex means:
end of pterygium in cornea that were evaluated by biomicroscope measurement (slit-lamp)).
The size of pterygium was reduced in 83% of cases, and in all cases there were not seen
progression and reduced the amount of astigmatism (mean 0.27 diopter) in 70% cases that
were evaluated by topography and keratometry {p=0.00} (Table 2). We also detected no
significant change in visual acuity and intraocular pressure.

Sex Job Eyes Age

Male Female Farmer
Housewive

s
Others Left Right <40 years >40 years

Number 18 22 9 18 13 16 24 16 24

Percent 45% 55% 22.50% 45% 32.50% 40% 60% 40% 60%

Total 40 100% 40 100% 40 100% 40 100%

Table 1. The prevalence of study participant according to sex, job, age, and affected eye

Hyperemia Tearing Long discomfort
Subconjunctival

hemorrhage
pigmentation

1 + + - - -

2 + + + - -

3 - + + - -

4 + - + - -

5 + + + + -

6 + - - - -

Table 2. Dear Authors, please add Caption

Before injection After injection P Value

Average of size pterygium 2.40 1.56 P=0.00

Average of refraction 1.19 0.92 P=0.00

Average of keratometry 1.67 1.33 P=0.00

Table 3. Complication of MMC injection in 6 patients
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significant change in visual acuity and intraocular pressure.

Sex Job Eyes Age

Male Female Farmer
Housewive

s
Others Left Right <40 years >40 years

Number 18 22 9 18 13 16 24 16 24

Percent 45% 55% 22.50% 45% 32.50% 40% 60% 40% 60%

Total 40 100% 40 100% 40 100% 40 100%

Table 1. The prevalence of study participant according to sex, job, age, and affected eye

Hyperemia Tearing Long discomfort
Subconjunctival

hemorrhage
pigmentation

1 + + - - -

2 + + + - -

3 - + + - -

4 + - + - -

5 + + + + -

6 + - - - -

Table 2. Dear Authors, please add Caption

Before injection After injection P Value

Average of size pterygium 2.40 1.56 P=0.00

Average of refraction 1.19 0.92 P=0.00

Average of keratometry 1.67 1.33 P=0.00

Table 3. Complication of MMC injection in 6 patients
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4. Discussion

Primary pterygium is one of the most common corneal disorders in topical countries such as
India and south of Iran [4, 19]. A wide range of surgical procedures for removal of pterygia
have been reported over the past decade, and several techniques are now available for the
ophthalmic surgeon to choose from [4].

This study evaluated efficacy and complications of subconjunctival injection of MMC in
treatment of primary pterygia. In fact, the potent effect of topical MMC on the conjunctiva
epithelium has been demonstrated by its ability to prevent the recurrence of conjunctival
intraepithelial neoplasia [14]. We use 0.1 ml of 0.2 mg/ml of MMC. Chen et al. [12] showed that
a concentration of 0.10 mg/ml MMC inhibits fibroblast replication and that concentrations of
0.3 mg/ml actually cause death of fibroblasts.

Intraoperative use of MMC significantly retards epithelial healing in a dose-related manner in
rabbit corneas [15]. In our study, 6 patients complained of irritation accompanied with mild
conjunctiva swelling, hyperemia, and tearing (15%). These processes were controlled com‐
pletely by using betamethasone 0.1% more frequently within one week. The pterygia were less
inflamed at the 1st-month visit after MMC injection.

Recently, a new study evaluated adjunctive subconjunctival MMC (0.1 ml of 0.15 mg/ml)
before pterygium excision. They reported recurrence rate of 6% with no sever complications
[20, 21].

The advantage of low-dose subconjunctival MMC is that it is effective in preventing pterygium
recurrence yet avoids the ocular surface toxicity associated with epithelial and bare sclera
delivery of the medication. The medication is administered directly to the activated fibroblasts
in the subconjunctival space, where it can work to avoid or diminish long-term epithelial
healing difficulties associated with MMC. Intraoperative and postoperative MMC are two
methods of adjunctive therapy that have been most commonly reported recently [22]. At the
present time, we injected low dose subconjunctivally 0.1 ml of 0.2 mg/ml of MMC. Our short-
term experience with MMC consistently shows no severe complications and reduces recur‐
rence rate; these findings are similar to the study by Raiskup F et al. in 2004 [22]. Most of the
complications of MMC are associated with persistent epithelial defects and ischemic sclera
necrosis. Both of these complications are secondary to side effects produced by the direct action
of MMC on these tissues. Because the epithelium and sclera are not target tissues for the MMC
and because inadvertently treating these tissues does not contribute to the prevention of
pterygia recurrence but is associated with significant side effects, the conjunctiva epithelium
and sclera should be avoided. With subconjunctival application of MMC, the epithelial and
sclera toxicity can be diminished; this occurred in our study. Eric D Donnenfeld et al reported
that subconjunctival injection of MMC is an effective treatment before pterygium excision [23].
We chose their method but we used MMC in higher concentration (0.1 ml of 0.2 mg/ml) to
reduce the size of pterygium.

In our study, the size of pterygium was reduced in 83% of cases and in all cases there were not
seen progression and the amount of Astigmatism reduced (mean 0.27 diopter) in 70% cases
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that were evaluated by topography and keratometry (Table 1). In research by Khakshoor H et
al, they found that subconjunctival injection of MMC reduced size and recurrence rate of
pterygia [24]. Our study shows similar results. Also in another study, Oguz H, in Nassau
University Medical Center, East Meadow, New York, USA [25], studied 36 eyes of 36 patients
prospectively that received 0.1 ml of 0.15 mg/ml MMC subconjunctivally injected into the head
of the pterygium 1 month before bare sclera surgical excision. He reported: the pterygia
resolved in 34 (94%) of 36 eyes, with a recurrence rate of 6% over a mean follow-up of 24.4
months. No wound-healing complication developed in any patient. Their findings are similar
to our study.

Therefore, low recurrence rate and safety profile with a mean follow-up of longer than 12
months without complication show the efficacy of this treatment and compare favorably with
previous studies with MMC in the treatment of pterygia.

Limitation of the study: Despite the fact that we did not observe any significant short-term
complications after MMC use, we are aware that only 40 patients were available for evaluation
in our study.

We feel that adjunctive use of MMC for pterygium is a safe procedure, but requires a strict
selection of patients, controlled use of MMC, and long-term follow-up of these patients. In
particular, a very long follow-up of the avascular conjunctival area is required.

5. Conclusion

Subconjunctival injection of MMC is an effective treatment, and that is a promising alternative
in the management of pterygium, but long-term follow-up is required.
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Abstract

Deep anterior lamellar keratoplasty (DALK) has been recently introduced as an

alternative to penetrating keratoplasty (PK) for corneal pathologies not involving

corneal endothelium. DALK does not rely on donor endothelium and requires less

rigid criteria for donor corneal tissue quality. Therefore, it provides a greater

availability of donor corneas that do not need perfectly healthy endothelium and high

endothelial cell density to be suitable for PK. Furthermore, as lamellar corneal surgery

expands the potential use of acellular corneal tissue, long-term preservation techni‐

ques are being revisited as a way to increase availability of corneal tissue to alleviate

constraints of availability, cost, storage, and transportation in many countries. The

recent alterations in the technique of corneal transplantation and hence the type of

donor cornea tissues used for each technique, may require eye banks and corneal

surgeons to reassess their selection criteria but it is important for any changes to be

evidence-based. The purpose of this chapter, therefore, is to present an updated

analysis on the type and quality of donor corneas used for PK and DALK, to evaluate

the impact of donor and eye bank variables on the suitability of corneas for trans‐

plantation and then go on to determine whether any of these donor factors affect

clinical outcomes, complications, and graft survivals.

Keywords: corneal transplantation, penetrating keratoplasty, full-thickness keratoplasty, deep
anterior lamellar keratoplasty, deep lamellar keratoplasty, maximum depth anterior lamellar
keratoplasty, donor corneal quality, graft quality
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1. Introduction

Penetrating keratoplasty (PK) is a surgical technique in which the full thickness of the recipient
cornea is replaced by donor tissue. Deep anterior lamellar keratoplasty (DALK) is intended to
selectively replace the abnormal stroma while preserving the recipient’s endothelium in place
[1]. Therefore, DALK can eliminate the risk of endothelial graft rejection and has minimal
detrimental effect on endothelial cell density [2]. Some investigators report that visual acuity
and refractive error following DALK can be similar to those following PK [3-6]. Since the
introduction of DALK, many surgeons have been accepting donor corneas with lower quality
compared with PK. DALK does not rely on quality of the donor endothelium and requires less
strict criteria for donor selection [7]. As a result, long-term preservation techniques are being
revisited to increase the availability of donor corneas and subsequently alleviate constraints
of availability, cost, storage, and transportation in many countries. This feature is imperative
in increasing the availability of corneal grafts in regions where there is shortage of donor
corneas [7]. The recent alterations in corneal transplantation techniques and consequently the
type of donor cornea tissues employed for each technique may require corneal surgeons and
eye banks to reevaluate their donor selection criteria.

There is currently a paucity of evidence for setting an acceptable minimum donor conditions
for corneal transplantation, especially for lamellar keratoplasty. According to Eye Bank
Association of America standards for human corneal transplantation, minimal endothelial cell
count limits, the upper and lower limit of donor age, time intervals from death, enucleation or
excision to preservation are left to the discretion of the eye banks [8]. An understanding of the
effect of donor variables including age, time interval from death to enucleation and preserva‐
tion, storage time, and endothelial cell density both on the quality of donor corneas and on
posttransplantation outcomes helps to set eye banking standards. To establish the criteria, it
is vital to find out the correlation between these donor parameters and the appropriateness of
corneas for transplantation as well as between donor parameters and posttransplantation
outcomes. This chapter presents an updated analysis on the type and quality of donor corneas
used for PK and DALK, assesses the influence of donor and eye-bank factors on the quality of
donor corneas, and furthermore determines whether any of these donor factors affect clinical
outcomes, complications, and graft survival.

2. Type and quality of donors used for PK and DALK

Controversy exists regarding the donor corneal tissue quality used for each transplantation
technique, especially DALK. When indicated for optical purposes, PK surgeons prefer
transplanting donor cornea tissues with quality ranging from good to very good to excellent
to provide adequate endothelial cells for a lifelong period. The acceptable conditions for PK
donors are donor age varying from 1 to 96 years [9-16], endothelial cell density between 2000
and ≥ 3000 cells/mm2 [9, 10, 17, 18], death-to-preservation time between 45 minutes and 22.3
hours [11, 14, 15, 19], and storage time up to 14 days in cool-storage media and 4 weeks in
organ culture [11-13].
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In contrast to penetrating keratoplasty, donors with quality ranging from fair to excellent are
employed for DALK [20, 21]. Furthermore, long-term preserved donor tissues completely
devoid of cells are also transplanted [22-25]. One DALK study used donor cornea tissues with
age between 12 and 72 years, graft rating from fair to excellent, endothelial cell density (ECD)
between 1128 and 4255 cells/mm2, death-to-preservation time up to 56 hours, and storage time
up to 13 days in Optisol medium (-4°C) [20]. Another DALK study used donors with the
following features: age between 28 and 88 years, ECD between 100 and 3300 cells/mm2, and
storage time up to 35 days in organ culture medium (31°C) [21]. Long-term preserved corneas
with mean storage time between 2.7 and 9.6 months are also used for DALK by some surgeons
[22-25]. Frequently, lyophilization or chemical agents are used to dehydrate corneas before
cryopreservation [22-24]. However, it is possible to employ cryopreservation without dehy‐
dration before freezing as indicated by one study [25].

3. Effect of donor and eye-bank variables on endothelial cell density and
graft quality

Donor  factors  such  as  age,  local  and  systemic  diseases,  cause  of  death,  and  traumatic
damages or surgical procedures as well as the storage factors (mainly method of storing,
time between death and preservation, and duration of tissue preservation) can influence
the  final  quality  of  the  corneas.  The  age  of  donor,  time  interval  from  enucleation  to
corneoscleral  disc  excision,  and  time  interval  in  organ  culture  are  the  main  variables
influencing the quality of endothelium [18, 26, 27]. Gavrilov et al [28] reported that the rate
of  organ-cultured  corneas  which  were  inappropriate  for  PK  as  a  result  of  inadequate
endothelium increased from 13% in donors < 40 years to 32% in donors > 80 years. The
Cornea  Donor  Study revealed a  negative  correlation between donor  age  and ECD [29].
Armitage et al [18] revealed that the age of donor and preservation time in organ culture
were the main variables which could affect endothelial suitability for PK. The odd of ECD
less than 2500 cells/mm² was increased with longer preservation time and increasing donor
age.  Increasing  time  interval  from  enucleation  to  corneoscleral  disc  excision  also  in‐
creased the likelihood of ECD less than 2500 cells/mm², but the overall impact was small
and significant only for a time interval greater than 18 hours [18]. Grabska-Libereket al [27]
found that the rating of the morphological state of corneas suitable for PK depended mostly
on the time between death and preservation, donor’s age, cause of death, and duration of
preservation. The overall rating of tissues obtained in a very short time after death (to 5
hours) was higher (excellent and very good) compared with corneas removed 8–12 hours
after the donor’s death. An increasing percentage of endothelial cell loss was observed after
7 days of preservation independent of other factors [27]. One study found that initial ECD
was lower and elimination for low ECD was more frequent in donors aged 85 years and
above, compared to younger donors [26]. However, after storage in organ culture, very old
corneas lost fewer endothelial cells than younger ones resulting in ECD which did not differ
at the end of storage [26]. One study measured endothelial cell loss during preservation in
organ culture [19]. The donor’s gender, age, cause of death, and postmortem interval had
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no  significant  correlation  with  the  percentage  of  endothelial  cell  loss.  However,  the
preservation time demonstrated a significant correlation with a loss of 0.07% for each day
of preservation [19].

Additionally, the combined effects of cause of death and donor age on ECD were evaluated.
It was identified that chronic and long-lasting, severe diseases like cancer reduced ECD to a
greater extent as compared to diseases causing a more rapid death. This negative impact of
chronic diseases was aggravated by the general reduction in ECD observed with increasing
age [30].

4. Effect of donor and eye-bank variables on clinical outcomes,
complications, and graft survivals following PK

Donor and eye-bank variables have an impact on epithelium-related problems following PK
[11, 15, 31-33]. Death-to-preservation time and total storage time were significantly associated
with an increased prevalence of epithelial defects on day 1 or hurricane and filamentary
keratopathy [11, 15]. Kim et al [31] outlined that the degree of epithelial defect had a statistically
significant association with the time interval from preservation to surgery. Borderie et al [32]
reported that death-to-storage time, storage time, and deswelling time significantly influenced
the graft reepithelialization time in univariate analysis. In multiple regression, however, none
of the donor variables significantly influenced the graft reepithelialization time. As for the
surface keratopathy 1 week following PK, Mannis et al [33] observed no correlation between
this complication and donor age, death-to-preservation time, preservation-to-surgery time,
and the donor epithelial status. Therefore, only immediately postoperative epithelium-related
complications such as filamentary keratitis and persistent epithelial defects correlate with
longer death-to-harvest time and longer storage time.

In addition to donor endothelial status, graft corneal surface is a determinant for the success
of corneal transplantation in the postoperative period. Although the donor cornea is ultimately
resurfaced by the recipient’s epithelium, an intact donor epithelium on postoperative day 1
implies a smoother course after corneal transplantation. An instable graft surface can lead to
poor visual acuity due to an irregular tear film interface, discomfort, permanent damage to
Bowman’s layer, subepithelial scarring, and even infectious keratitis [11].

Another widely investigated correlation is the effect of donor and eye-bank variables on
postoperative ECD which yielded contradicting results. Langenbucher et al [13] reported no
significant association between the annual endothelial cell loss and the donor age as well as
postmortem interval. However, the storage time had a statistically significant correlation with
the annual endothelial cell loss. Parekh et al [19] reported postmortem interval ≥ 10 hours tends
to have a higher percentage of endothelial cell loss than < 10 hours of interval at both 1 year
and 3 years postoperatively. Postoperative higher ECD values were significantly associated
with higher baseline ECD and younger donor age in one study [34]. When the follow-up period
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postoperative ECD which yielded contradicting results. Langenbucher et al [13] reported no
significant association between the annual endothelial cell loss and the donor age as well as
postmortem interval. However, the storage time had a statistically significant correlation with
the annual endothelial cell loss. Parekh et al [19] reported postmortem interval ≥ 10 hours tends
to have a higher percentage of endothelial cell loss than < 10 hours of interval at both 1 year
and 3 years postoperatively. Postoperative higher ECD values were significantly associated
with higher baseline ECD and younger donor age in one study [34]. When the follow-up period
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was extended to 10 years, the study group observed that the donor age influenced ECD,
although this finding was primarily influenced by a small group of the youngest donors (12
to < 34 years of age) that had the least cell loss and the best graft survival [34]. Lass et al [10]
observed that younger age and female gender of the donor had a significant correlation with
higher ECD over time. However, cause of death and time interval from death to preservation
or to surgery failed to demonstrate any significant association with changes in ECD during
follow-up [10]. One study found a statistically significant negative influence of postmortem
time and donor age on chronic loss of endothelial cell density after PK for keratoconus [35].
Because endothelial cell graft attrition takes place at an accelerated rate [36], a higher initial
endothelial cell density of the donor tissue can improve long-term graft survival [34]. Older
donor age and longer storage time are more likely to be associated with lower ECD but, as
long as the ECD is greater than a given minimum at the time of corneal transplantation, these
parameters will have insignificant influence on long-term graft survival. The Cornea Donor
Study results indicate that donor age is not an important factor in most penetrating kerato‐
plasties performed for endothelial disease [37]. Therefore, functional and cellular results of
PKs are not dramatically influenced by very old donor age and the very elderly should not be
deemed off limits for corneal procurement.

Despite contradictory results of studies evaluating the effect of donor and eye-bank variables
on postoperative ECD and morphology, the majority of studies showed that donor preserva‐
tion method and time, donor age, cause of death, and preoperative donor ECD and/or
morphometric measures (coefficient of variation and hexagonality) had no influence on overall
graft failure [12, 14, 26, 38-41]. However, one study reported that preoperative risk factors for
developing late endothelial failure included low ECD and older donor age [16]. Authors from
the Cornea Donor Study observed that grafts from donors aged between 66 and 75 years that
met the eligibility criteria of their study had a 5-year graft survival rate, comparable to grafts
from younger donors [9]. However, higher donor age was significantly associated with lower
graft success during a longer follow-up period [37].

Two studies reported the effect of donor age on visual outcomes. Gain et al [26] found no
significant difference between the two groups (donors younger than 85 years and donors aged
85 years and older), in terms of visual acuity and astigmatism. Halliday et al [42] found no
significant correlation between the time taken to reach a postoperative acuity of 6/12 and the
age of donor. One study reported that donor age, ABO compatibility, and other donor factors
were not associated with graft rejection [43]. Younger donor age, however, was found to be a
risk factor for graft rejection (but not for graft failure) by three other studies [26, 40, 44].

5. Effect of donor and eye-bank variables on clinical outcomes,
complications, and graft survivals following DALK

DALK does not rely on donor endothelial cells and less strict criteria can be used for donor
graft quality. Therefore, it increases the availability of donor tissues that do not require high-
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quality endothelium to be appropriate for PK. Borderie et al [21] evaluated the effect of donor
variables on the result of different anterior lamellar keratoplasty techniques in a heterogeneous
group of corneal disorders with normal endothelium. The age of donor was the only factor
which influenced visual rehabilitation postoperatively; visual acuity was significantly lower
in recipients who received corneas from donors > 80 years [21]. Heindl et al [45] did not observe
any significant association between donor storage time intervals and visual results one year
following DALK. However, the use of low quality donors for DALK could cause epithelium-
related complications more frequently, besides more edematous alterations of the graft
necessitating a closer follow-up immediately after surgery. Feizi et al [20] observed that graft
rating and preservation-to-surgery time had a significant correlation with the presence of graft
stromal edema and epithelial defects on postoperative day 1 following DALK. Suture-related
complications, graft rejection episodes, graft clarity, visual acuity, and refractive outcomes at
the final follow-up examination were found to have no correlations with any donor or eye-
bank factors [20]. Therefore, low quality donors can provide good visual acuity and refractive
outcomes with complication rates comparable to those achieved after the use of good quality
donors following DALK.

The two main techniques for storing corneas are organ culture and hypothermia [46, 47]. Since
lamellar corneal transplantation makes it possible to use acellular corneal tissue, long-term
preservation methods have emerged as a means to provide a greater availability of corneal
tissue to alleviate constraints of availability, cost, storage, and transportation in many coun‐
tries. The results of several studies indicate that cryopreserved corneal tissues can successfully
substitute for fresh grafts in DALK using the big-bubble technique. Five studies concluded
that long-term cryopreserved donors can provide similar visual results comparable to fresh
corneal tissues following DALK [22, 23, 25, 48, 49]. Another advantage of long-term preser‐
vation of the cornea by lyophilization and chemical glycerin-dehydration is to eliminate cells
such as epithelium, keratocytes, and antigen-presenting cells and create the acellular biological
materials [22, 50]. As such, acellular corneal tissues may significantly reduce or even eliminate
the incidence of graft rejection after lamellar keratoplasty [22, 23, 25]. Complications such as
persistent epithelial defects, filamentary keratitis, and suture-related complications were more
likely to occur when such a low quality graft was transplanted [25].

6. Conclusions

Although both donor and eye-bank variables have effects on the quality of donor corneas, and
post-PK outcomes and complications, these effects would be little provided that the minimum
selection criteria set by eye banks are respected. DALK makes it possible to transplant corneas
with low quality and allows using the long-term methods of storage. Because epithelial defects
and stromal edema are more frequently encountered, closer follow-up visits are required when
a low-quality graft is transplanted.
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Chapter 5

Trabeculotomy Augmented by Postoperative Topical
Medications vs. Trabeculectomy Augmented by
Mitomycin C
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Abstract

Purpose: To study the safety and hypotensive effect of trabeculotomy augmented
by postoperative topical medical treatment in patients with open-angle glaucoma
and to compare with trabeculectomy augmented by mitomycin C.

Methods: Inanon-randomized consecutive case series, we studied 82 patients with
open-angle glaucoma who underwent trabeculotomyaugmented by postoperative
medical therapy or trabeculectomy augmented with Mitomycin C. Forty-two pa‐
tients underwent trabeculotomyfollowed by latanoprost 0.004%, timololmaleate XE
0.5% and brinzolamide 1% and 40 patients underwent trabeculectomy augmented
with Mitomycin C. Patients were followed-up for 12 months and a success rate
based on intraocular pressure was compared.

Results: Mean baseline intraocular pressure was27.9 ± 5.4 mmHg in the trabeculoto‐
my group and 28.3 ± 4.2 mmHg in the trabeculectomy group (P = 0.7). Mean postop‐
erative intraocular pressure was 15.1 ± 2.1 mmHg at 3 months, 14.7 ± 2.1 mmHg at 6
months, and 14.9 ± 2.0 mmHg at 12 months in the trabeculotomy group and 12.2 ±
1.9 mmHg at 3 months, 12.8 ± 3.0 mmHg at 6 months, and 13.9 ± 4.2mmHg at 12
months in the trabeculectomy group.Mean intraocular pressure in the trabeculoto‐
mygroup was significantly higher than that in the trabeculectomy group at 3 and 6
months (P < 0.0001 at 3 months; P = 0.0005 at 6 months) and there was no significant
difference between the two groups at 12 months (P = 0.1). At 12 months, 42 patients
(100%) in the trrabeculotomy group and 37 patients (92.5 %) in the traberculectomy
group achieved an intraocular pressure of less than or equal to 20 mmHg and a
minimum of 30 percent reduction (P = 0.1). In the trabeculectomy group, 15 patients

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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and reproduction in any medium, provided the original work is properly cited.



(37.5 %) received laser suture lysis,6 patients (15.0 %) underwent needling proce‐
dure, and 3 patients (7.5 %) underwent additional surgery, although no patient in
the trabeculotomy group received postoperative intervention except for topical
medical treatment. In the trabeculotomy group, patients with higher preoperative
intraocular pressure showed a significantly higher intraocular pressure at 12
months postoperatively (P < 0.0001), although there was no significant correlation
between them in the trabeculectomy group.

Conclusions: There was no significant difference in hypotensive efficacy between
patients undergoing trabeculotomyaugmented by postoperative topical medica‐
tions and those undergoing trabeculectomyaugmented by Mitomycin Cat 12
months. In those receiving trabeculotomy, patients with higher preoperative intra‐
ocular pressure showed a significantly higher intraocular pressure at 12 months
even though less than 20 mmHg.

Keywords: trabeculotomy, trabeculectomy, postoperative medication

1. Introduction

Trabeculectomy has been a standard procedure for medically uncontrollable glaucoma [1].
Serious postoperative complications are not infrequently associated with trabeculectomy [2-5].
These include flat anterior chamber, hypotony and choroidal detachment caused by overfil‐
tration, late-onset bleb-related complications, including endophthalmitis, and cataract
progression. Shigeeda et al. demonstrated that 44.5% of patients who had undergone trabe‐
culectomy augmented with mitomycin C showed a success defined as an intraocular pressure
of less than 16 mm Hg after 8 years [6]. However, Tanihara et al. demonstrated that medical
treatment following trabeculotomy provided an additional intraocular pressure reduction and
that this surgery produced long-term stability of intraocular pressure control [7]. Trabeculot‐
omy infrequently causes serious complications and seldom requires additional postoperative
interventions [8, 9]. The aim of this study is to study the safety and hypotensive effect of
trabeculotomy augmented by postoperative medical treatment in patients with open-angle
glaucoma and to compare with trabeculectomy augmented by mitomycin C.

2. Patients and methods

In a non-randomized consecutive case series, we studied 82 patients with open-angle glaucoma
who underwent trabeculotomy augmented by postoperative medical therapy or trabeculec‐
tomy augmented with mitomycin C. A diagnosis of glaucoma was on the gonioscopic finding
along with appearance of the optic nerve head cupping and visual alteration according to the
guideline of Japan Glaucoma Society [10]. Excluded were patients with angle-closure glauco‐
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ma or posttraumatic, uveitic, neovascular, or dysgenetic glaucoma, as well as patients
undergoing previous ocular surgery. Before March, 2010, all patients underwent trabeculec‐
tomy augmented with mitomycin C, and after April, 2010, all patients underwent trabeculot‐
omy followed by latanoprost 0.004% (Xalatan™, Pfizer, New York, NY, USA), timolol maleate
XE 0.5% (Timoptol XE 0.5%™, Santen, Osaka, Japan), and brinzolamide 1% (Azopt™, Alcon,
Fort Worth, TX, USA). Patients were followed up for 12 months and the success rate based on
intraocular pressure was compared. The study protocol and consent forms were approved by
the Human Subjects Committee. When both eyes were eligible, the right eye became the study
eye.

3. Surgical procedure

Trabeculectomy: All surgeries were performed by a single surgeon. A modified Cairns-type
technique was performed [1]. After making a fornix-based conjunctival flap and dissecting a
limbus-based 4 x 4-mm scleral flap, mitomycin C 0.04%-soaked sponges were placed under‐
neath the conjunctival flap for 3 minutes. Afterward, 250 ml of balanced salt solution (Balanced
Salt Solution Plus™; Alcon, Fort Worth, TX, USA) was used to wash the surgical area.
Paracentesis was carried out followed by a peripheral iridectomy. A scleral flap was sutured
with 10/0 nylon, and a conjunctival flap was also sutured with 10/0 nylon with wing stretch
technique.

If the bleb was flat or the intraocular pressure was not low enough, laser suture lysis was
carried out. If the bleb became flat or localized, needling with angled V-lance was carried out.

Trabeculotomy: After making a fornix-based conjunctival flap, a 4 x 4-mm 4/5 thickness
limbus-based scleral flap was created. The outer wall of the Schlemm’s canal was incised and
removed. The Nagata’s semicircular trabeculotome probe was inserted into the Schlemm’s
canal, and an ocular viscoelastic device (Healon 1%™, Abbott Medical Optics, Santana, CA,
USA) was filled in the anterior chamber to reduce postoperative hyphema. The trabeculotome
was in-rotated to disrupt the inner wall of the canal, and the viscoelastic material was manually
replaced with balanced salt solution. The scleral flap was then sutured watertight with seven
10/0 nylon sutures.

4. Evaluation of outcomes

All patients underwent a detailed ophthalmic examination, including Humphrey visual field
analysis and gonioscopy. Patient progress was reviewed at 1 and 3 days; 1 and 2 weeks; and
1, 2, 3, 4, 5, 6, 9, and 12 months after surgery, and intraocular pressure was studied. Intraocular
pressure was measured with a Goldman applanation tonometer. Three measurements were
recorded in each eye, the mean of which was used in the calculations, with an interval of 2
weeks before surgery at the same time (±1:00). Postoperatively, intraocular pressure was
measured at the same time (±1:00) as at baseline. The optic nerve was examined with a
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Goldman three-mirror lens and measurements were taken of the size of the disk, the vertical
and horizontal cup/disk ratios, the presence of rim notching or splinter hemorrhage, and the
presence of peripapillary atrophy. Visual field testing with a Humphrey visual field analyzer
(Humphrey-Zeiss, Dublin, CA, USA), Program 30-2 SITA STNADARD™ testing was carried
out before surgery and at 6 and 12 months after surgery. Best-corrected visual acuity was
measured at the 1-, 2-, 3-, 4-, 5-, 6-, 9-, and 12-month visits, and the logarithm of the minimum
angle of resolution (logMAR) was calculated and used for all statistical analyses.

The presence of complications was determined intraoperatively and at every postoperative
visit. Hypotony was defined as an intraocular pressure of less than 4 mm Hg after surgery. A
shallow anterior chamber was defined as reported by Teehasaenee and Ritch [11]. An intra‐
ocular pressure spike was defined as an intraocular pressure on the first postoperative day of
greater than or equal to 3 mm Hg higher than the preoperative level.

The surgery was considered as a success with an intraocular pressure between 6 and 20 mm
Hg and an intraocular pressure reduction of greater than or equal to 30% without additional
surgery, compared to the preoperative level with medical therapy. A failure was defined when
an eye required further glaucoma surgery or lost visual function.

In case of postoperative intraocular pressure measurements of greater than 21 mm Hg in the
trabculectomy group, despite all procedures including laser suture lysis, 5-fluorouracil
injection, and needling, intraocular pressure-lowering medication was added. In case of
complications requiring surgery or still inadequate intraocular pressure control in both groups,
additional procedures could be performed as required.

Study End. All patients were meant to reach a 12-month follow-up, but the following were
considered as endpoints: (1) the need for any further surgical procedure (except laser suture
lysis, 5-fluorouracil injection, and needling); (2) an intraocular pressure of greater than 21 mm
Hg on two consecutive visits; and (3) patient failure to attend scheduled visits, allowing for a
margin of tolerance. If the study was ended before month 12, the last values obtained in the
trial were considered as the final data.

5. Statistical analysis

The sample size was chosen to assure a power of at  least 90% in detecting at least a 2-
mm Hg difference between groups with a standard deviation of  2 mm Hg with a two-
sided α error of 5%.

Evaluation of continuous variables was achieved using the Student’s t-test. To evaluate the
difference in intraocular pressures between follow-up intervals, the paired t-test was used. All
t-tests were two-tailed. Categoric variables were evaluated with the chi-square test, the Fisher
exact test, or the Spearman rank correlation as appropriate. A level of P < 0.05 was accepted as
statistically significant. Each potential confounding variable was screened for association with
the outcome. Only those confounding variables that were statistically associated were eligible
to be incorporated into the potential final multivariate model.
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For the pairing of groups, age, sex, best-corrected visual acuity, and intraocular pressure at
baseline were used for matching. We studied a correlation between the paired observations.
If observations were correlated, the F-test was used to study two population variances.

Because a representation of mean intraocular pressure over time could be misleading because
of exclusion of cases after failure, the mean intraocular pressure was recalculated by carrying
forward the last intraocular pressure reading before repeat surgery. The proportion of surgical
failures and adverse events in each treatment group was compared. Success was evaluated on
the basis of Kaplan-Meier cumulative probability (log rank test).

6. Results

Table 1 shows the demographics of the patients. Forty-two patients underwent trabeculotomy
followed by latanoprost 0.004%, timolol XE 0.5%, and brinzolamide 1%, and 40 patients
underwent trabeculectomy augmented with mitomycin C.

Trabeculotomy augmented by
postoperative medication

group

Trabeculectomy group P

Number of patients 42 40

Age (years) 63.3 ± 9.7
(38 - 78)

67.2 ± 8.2
(41 - 81)

0.1

Gender 24 men, 18 women 18 men, 22 women 0.3

Best-corrected visual acuity 0.681
(0.02 – 1.0)

0.752
(0.1 – 1.0)

-

LogMAR best-corrected visual
acuity

0.166±0.338 0.124±0.195 0.3

HFA30-2 MD (dB) -15.55 ± 6.32
(-26.33 - -4.91)

-16.20 ± 5.10
(-27.48 - -4.88)

0.7

Intraocular pressure (mmHg) 27.9 ± 5.4 (23 – 46) 28.3 ± 4.2 (23 – 42) 0.7

Number of anti- glaucomatous
drugs

3.1 ± 0.7 (2 to 4) 3.2 ± 0.7 (2 to 4) 0.9

LogMAR : Log of the minimum angle of resolution

HFA 30-2 MD: Humphrey visual field analyzer Program 30-2 Mean deviation

Parenthesis indicates a range.

Table 1. Demographics of Patients
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Mean baseline intraocular pressure was 27.9 ± 5.4 mm Hg in the trabeculotomy group and 28.3
± 4.2 mm Hg in the trabeculectomy group (P = 0.7). Mean postoperative intraocular pressure
was 15.1 ± 2.1 mm Hg at 3 months, 14.7 ± 2.1 mm Hg at 6 months, and 14.9 ± 2.0 mm Hg at 12
months in the trabeculotomy group, and it was 12.2 ± 1.9 mm Hg at 3 months, 12.8 ± 3.0 mm
Hg at 6 months, and 13.9 ± 4.2 mm Hg at 12 months in the trabeculectomy group (Figure 1,
Table 2). Mean intraocular pressure in the trabeculotomy group was significantly higher than
that in the trabeculectomy group at 3 and 6 months (P < 0.0001 at 3 months; P = 0.0005 at 6
months), and there was no significant difference between the groups at 12 months (P = 0.1). At
12 months, 42 patients (100 %) in the trabeculotomy group and 37 patients (92.5 %) in the
trabeculectomy group achieved an intraocular pressure of less than or equal to 20 mm Hg and
a minimum of 30 percent reduction (P = 0.1) (Figure 2, Table 3).

Figure 1. Trabeculotomy
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Figure 2. Trabeculotomy

Trabeculotomy augmented by
postoperative medication

group

Trabeculectomy group P

Intraocular pressure (mmHg)

Baseline 27.9 ± 5.4 (23 – 46) 28.3 ± 4.2 (23 – 42) 0.7

1 month 15.1 ±2.1 (11 – 20) 10.3 ± 2.0 (8 – 17) <0.0001

3 months 15.1 ±2.1 (11 – 20) 12.2 ± 1.9 (8 – 23) <0.0001

6 months 14.7 ± 2.1 (12 – 20) 12.8 ± 3.0 (8 - 23) 0.0005

9 months 14.9 ± 1.9 (12 – 18) 13.4 ± 3.7 (8 - 24) 0.0113

12 months 14.9 ± 2.0 (12 – 20) 13.9 ± 4.2 (8 – 25) 0.1

Intraocular pressure (mmHg)

1 month -12.7 ± 4.7 (-28 - -8) -18.0 ± 4.4 (-31 - -11) <0.0001

3 months -12.9 ± 4.1 (-26 - -8) -16.2 ± 4.5 (-31 - -10) 0.0008

6 months -13.2 ± 4.3 (-28 - -9) -15.5 ± 4.9 (-30 - -5) 0.0335

9 months -13.0 ± 4.5 (-28 - -7) -15.0 ±5.0 (-30 - -5) 0.1

12 months -13.1 ± 4.3 (-28 - -8) -14.5 ± 5.3 (-30 - -3) 0.2

Intraocular pressure (%)

1 month -44.3 ± 8.4
(-65.8 - -28.6)

-64.4 ± 8.0
(-80.6 - -44.0)

<0.0001

3 months -44.9 ± 8.7
(-65.8 - -28.6)

-57.2 ± 8.5
(-73.8 - -41.7)

<0.0001
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6 months -46.6 ± 6.7
(-63.2 - -36.0)

-54.4 ± 11.3
(-71.4 - -17.9)

0.0003

9 months -45.8 ± 7.4
(-60.9 - -29.2)

-53.0 ± 12.7
(-71.4 - -17.9)

0.0023

12 months -46.1 ± 6.9
(-60.9 - -33.3)

-51.0 ± 14.4
(-71.4 - -10.7)

0.1

Parenthesis indicates a range.

Table 2. Intraocular pressure change

Trabeculotomy augmented by
postoperative medication

group

Trabeculectomy group P

Baseline

Intraocular pressure 27.9 ± 5.4 (23 – 46) 28.3 ± 4.2 (23 – 42) 0.7

Number of anti-glaucomatous
medication

3.1 ± 0.7 (2 to 4) 3.2 ± 0.7 (2 to 4) 0.9

At 12 months

Intraocular pressure 14.9 ± 2.0 (12 – 20) 13.9 ± 4.2 (8 – 25) 0.1

Success 42 (100.0 %) 37 (92.5 %) 0.1

Failure 0 (0 %) 3 (7.5 %)

<16 mmHg 37 (84.0 %) 33 (82.5 %) 0.5

<12 mmHg 8 (19.0 %) 23 (57.5 %) 0.0211

Number of anti-glaucomatous
medications

3.0 ± 0.0 (3) 0.5 ± 0.9 (0 - 3) <0.0001

Parenthesis indicates a range.

Table 3. Surgical outcome at 12 months

7. Relationship between intraocular pressure before surgery and at 12
months after surgery

Figure 3 shows the relationship between intraocular pressure before surgery and 12 months
after surgery. In both groups, there was a significant increase in the intraocular pressure
reduction in relation to an increase in preoperative intraocular pressure (mm Hg: P < 0.0001
in both groups; %: P < 0.0001 in the trabeculotomy group, P = 0.1 in the trabeculectomy group).
In the trabeculotomy group, patients with higher preoperative intraocular pressure showed a
significantly higher intraocular pressure at 12 months postoperatively (P < 0.0001), although
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there was no significant correlation between them in the trabeculectomy group (P = 0.2) (Figure
3). At 12 months, 8 eyes (19.0 %) in the trabeculotomy group and 23 eyes (57.5 %) in the
trabeculectomy group achieved an intraocular pressure of less than or equal to 12 mm Hg, and
there was a significant difference between the two groups (P = 0.0211) (Table 3).

Figure 3. Trabeculotomy

8. Postoperative intraocular pressure-lowering procedures

In the trabeculectomy group, 15 patients (37.5 %) received laser suture lysis, 6 patients (15.0
%) underwent needling procedure, and 3 patients (7.5 %) underwent additional surgery,
although no patients in the trabeculotomy group received any postoperative intervention
except for topical medical treatment (Table 4).
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Trabeculotomy augmented by
postoperative medication group

Trabeculectomy group P

Number of patients 42 40

Topical medication 42 (100.0%) 8 (20.0%) 0.0023

Laser suture lysis 0 (0%) 15 (37.5%) < 0.0001

Needling 0 (0%) 6 (15.0%) 0.0091

5-fluorouracil injection 0 (0%) 0 (0%) -

Additional surgery 0 (0%) 3 (7.5%) 0.1

Table 4. Postoperative intraocular pressure-lowering procedure

9. Incidence of complications and adverse events

Complications are listed in Table 5. In the trabeculectomy group, 5 eyes (12.5 %) exhibited
hypotony and flat/shallow anterior chamber. In the trabeculotomy group, hyphema was
observed in 14 eyes (33.3 %) and intraocular pressure spike in 3 eyes (7.1 %). All the bleeding
disappeared within one week. No progression of cataract was found in the two groups.

Trabeculotomy augmented
by postoperative medication

group

Trabeculectomy group P

Hypotension 0 (0%) 5 (12.5%) 0.0181

Shallow/flat anterior chamber 0 (0%) 5 (12.5%) 0.0181

Choroidal detachment 0 (0%) 1 (2.5%) 0.3

Intraocular pressure spike 3 (7.1%) 0 (0%) 0.1

Hyphaema 14 (33.3%) 2 (5.0%) 0.0012

Flat bleb - 5 (12.5%) -

Anterior iris synechia 0 (0%) 0 (0%) -

Posterior iris synechia 0 (0%) 0 (0%) --

Progression of cataract 0 (0%) 0 (0%) -

Blebitis/endophthalmitis 0 (0%) 0 (0%) -

Table 5. Incidence of complications

10. Discussion

There was no significant difference in hypotensive efficacy between patients undergoing
trabeculotomy augmented by postoperative topical medication and those undergoing
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trabeculectomy augmented by mitomycin C at 12 months postoperatively. In the current study,
42 eyes (100 %) in the trabeculotomy group and 37 eyes (92.5%) in the trabeculectomy group
were considered to be a success defined as an intraocular pressure of less than or equal to 20
mm Hg and a minimum of 30 percent reduction. There was no significant difference in the
success rate or intraocular pressure between the trabeculotomy group and the trabeculectomy
group at 12 months although the intraocular pressure was higher in the trabeculotomy group
at every visit after surgery.

Each surgery had its own advantage. In the trabeculotomy group, all patients showed an
intraocular pressure of less than or equal to 20 mm Hg at 12 months. However, patients with
higher preoperative pressure showed a relatively higher intraocular pressure at 12 months
even though it was less than 20 mm Hg. There was a significant increase in the intraocular
pressure at 12 months in relation to the increase in preoperative intraocular pressure. Postop‐
erative intraocular pressure was calculated from the preoperative intraocular pressure by
using a correlation equation as follows:

[Intraocular pressure at 12 months] = 0.26 x [preoperative intraocular pressure] + 7.71 (r2=0.440,
P < 0.0001).

Patients receiving trabeculotomy experienced less postoperative surgical interventions than
those receiving trabeculectomy. In addition, 3 patients in the trabeculectomy group underwent
additional surgery although no patient in the trabeculotomy group did.

In contrast to the trabeculotomy group, there was no significant correlation between preop‐
erative intraocular pressure and postoperative intraocular pressure in patients undergoing
trabeculectomy augmented by mitomycin C. This procedure can be employed in all patients
to achieve lower postoperative pressure regardless of how high the preoperative intraocular
pressure might be. At 12 months, there was a significantly larger percent of eyes of less than
or equal to 12 mm Hg in patients undergoing trabeculectomy compared with trabeculotomy
despite of postoperative medications. Several investigators have demonstrated that it was
pivotal to set a target pressure and achieve it based on patients’ visual function [12-15]. Patients
with greater visual function deterioration need lower target pressures to maintain residual
visual function. According to the target pressure, indication for each of these methodologies
should be carefully considered prior to any surgical interventions.

This study has important limitations. The sample size of this study was small, therefore not
powered to detect small differences. The small sample size also precluded assessment of safety.
Furthermore, a masked study design could have reduced observer bias. The postoperative
follow-up period also was short, and therefore we could not assess long-term efficacy and
safety.

Although the sample size in each group was small, the current study demonstrated that (1)
there was no significant difference in hypotensive efficacy between patients undergoing
trabeculotomy augmented by postoperative topical medications and those undergoing
trabeculectomy augmented by mitomycin C at 12 months postoperatively and (2) in those
receiving trabeculotomy, patients with higher preoperative pressure showed a significantly
higher intraocular pressure at 12 months even though less than 20 mm Hg. Future study of a
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large population is needed to verify these observations. However, this information may be
clinically valuable when treating patients with open-angle glaucoma.
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Chapter 6

Primary Open Angle Glaucoma Surgery in Sub-Saharan
African Setting — Benefits and Challenges
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Additional information is available at the end of the chapter
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Abstract

Background: Primary open angle glaucoma is one of the leading causes of avoidable
blindness in Sub-Saharan Africa

Medical therapy: Anti-glaucoma medication pose a special challenge due to high cost,
non availability, and presence of sub- standard/ adulterated drugs in the region. With
wide spread poverty compliance to medication for life is poor.

Trabeculectomy: Although there are various types of glaucoma surgeries, trabecu‐
lectomy with use of anti-fibrotic agent is found to offer good intra ocular pressure
control among patients in the region. The use of anti-fibrotic agents like mitomycin-
C and 5 Flourouracil becomes necessary due to the tendency of pigmented African
eye to form scar that results in bleb failure.

Conclusion: Trabeculectomy with intra operative use of anti metabolite is an
acceptable choice in treatment of primary open angle glaucoma in sub-Saharan Africa.
The key to success is adequate pre operative patient education on the goal of
treatment.

Keywords: POAG, Sub-Sahara, Africa, Trabeculectomy, Anti-metabolite, Counselling

1. Introduction

Glaucoma is a group of disorders manifesting characteristic progressive optic nerve damage
and is associated with many risk factors such as central corneal thickness, structure of the optic
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nerve head, age, genetic factors, race and intraocular pressure (IOP). Primary open angle
glaucoma (POAG) is not associated with any other cause. The features include characteristic
optic nerve damage, nerve fibre layer loss, visual field changes and an open angle on gonio‐
scopy. The global estimate of glaucomatous optic neuropathy is 60 million and 8.4 million turn
blind from the disease. The highest prevalence of POAG occurs in Africans.[1] In the sub-
Saharan African (SSA) region there is shortage of population studies on causes of blindness.
POAG is under-reported as the mechanism for making a diagnosis is difficult under circum‐
stances in which field surveys are conducted. Local and regional studies have demonstrated
the contribution of glaucoma as a major cause of avoidable blindness in SSA.[2-9, 21] There
are peculiarities in the way glaucoma is present in the region. These factors are related to the
individual, the family, the community and the health-care system. Initially POAG has subtle
nature of presentation with symptoms such as pain which is a major driving force for seeking
medical help being largely absent. Poor access to health care in general and eye care in
particular, superstition and inequity in distribution of human and material resources in eye
care result in the largely rural population having minimal access.[10] Even where some level
of eye care services are available, basic equipment such as tonometer, visual field analyser, slit
lamp and relevant diagnostic lenses are unavailable. The few eye care personnel available are
not motivated to work in the rural areas as basic services like good schools; tap water and
electricity are not steadily supplied. Patients are left at the mercy of quacks including tradi‐
tional eye healers (TEH) whose unregulated practices contribute to increase in the burden of
avoidable blindness. TEH dispense traditional eye medicine (TEM) of unknown contents, not
produced under aseptic conditions and can result in corneal damage and blindness.[11]
Patients often present late with advanced optic nerve damage and are visually impaired.[12,
13, 14, 15, 16] One can deduce that only a small fraction of POAG patients make it to the few
available centres where quality care can be offered.

2. The argument in favour of POAG surgery

The risk factor most amenable to control is IOP. There are two broad approaches to treatment,
which can be surgical or medical. One cannot draw a line between the options, with various
permutations and combinations possible in order to achieve success. Even where a decision is
reached to do surgery there is need for initial medication to reduce the IOP. Treatment and
monitoring is for life. Potent glaucoma medications are expensive with most patients being
poor and defendant. Quality and safety is often suspected as adulterated medications float the
markets in SSA. Medicines are conveyed in open trucks under the scorching sun or left in the
open. Even quality medicine will eventually loose potency before getting to the patients. The
few reputable pharmaceutical vendors are located in major cities and townships away from
the reach of rural poorPoverty and illiteracy hinder compliance with treatment. The health
insurance scheme is for the regular sectors of the economy, accessible to only civil servants
and those working for the organized private sector. Bulk of the population has no health
insurance cover and need to pay for eye care at the point of service delivery. Inability to pay
results in denial of service. Such denial of access to eye care services is against the goals of
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Vision 2020: the right to sight. These multitudes of factors make a case for surgery. As clinicians
in the SSA region search for better treatment compliance, they move closer to surgery.[17]
Considering the unavailability of potent, cost-effective, long-term acceptable medications,
surgery can be a worthwhile option.[18] Successful surgery can be a one off expenses alterna‐
tive. It ensures reduction in IOP round the clock. The patient needs not to remember that it’s
time to apply the eye drop and is free from local and systemic side effects. The key to surgical
success is proper patient’s education and counselling. POAG patients are often admitted to
the same ward with blind cataract patients. A day after surgery pseudo-phakic patients move
around unaided. Glaucoma patient expects the same outcome. Thus, without proper patient
education, the seed of discontentment and dissatisfaction is sown. Glaucoma patients need to
be educated on the purpose of surgery and its impact on vision. They need to know that the
procedure is not free of complications and may accelerate cataract formation resulting in
additional surgery at a later date. POAG patients are to be informed that surgery can fail or
be partially successful in IOP control warranting reintroduction of eye medications. Penetrat‐
ing glaucoma surgery mainly trabeculectomy with antimetabolite is the most common
procedure performed with encouraging outcome.[19] Trabeculectomy records various success
rates at given time intervals after surgery.[19, 20, 21, 22] IOP control appears to be lower when
surgery is performed without antimetabolite.[22] Releasable sutures offer additional advant‐
age in reducing IOP in the early post-operative period.[23] Other non-penetrating procedures
such as visco-canalostomy and trabeculoplasty are not done routinely. Laser procedures
including argon or diode laser trabeculoplasty generally do not give very encouraging
outcomes in pigmented African eyes. Where available, laser can be used to augment medical
treatment/surgery on a case by case basis.

3. Preoperative management

Patient education is a crucial step in administration of informed consent. Patient and caregiver
need to know the status of the patient’s vision, the type of procedure to be performed, the goal
to be achieved, post-operative medication/management and the possibility that glaucoma
drugs may be reinstated after surgery even if partially. The current visual acuity, visual field,
tonometry, retinal nerve fibre layer thickness (RNFL) measurements and gonioscopic finding
should be available and form frame work of the counselling. Clinicians are often reluctant to
do surgery on those with advanced/end-stage glaucoma characterized by ‘tunnel visual fields’,
severe visual impairment and vertical optic disc cupping of 0.9 or worse. Reluctance is related
to risk of further sight deterioration which could be attributed to post-operative inflammation,
post-operative complications such as endophthalmitis (though rare) or increase in lenticular
opacity and the risk of visual wipe out phenomenon. Patients’ and caregivers’ knowledge of
the goal of controlling IOP and by so doing limiting optic nerve damage will reduce complains
that ‘doctor you have operated my eyes and yet my sight has not improved’. Preoperative
routine includes medical treatment to reduce the IOP to lower teens and trimming of the eye
lashes. Blood pressure (BP) and fasting blood sugar (FBS) levels are measured to identify
undiagnosed hypertension and those with diabetes mellitus. BP and FBS control are essential
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before, during and after surgery. Physicians managing such conditions are involved in the
overall care of the patient. Those with high or minimally responding IOP may benefit from
systemic carbonic anhydrase inhibitors or osmotic agents to further reduce the pressure before
the procedure is performed. Trabeculectomy can be done as an outpatient procedure in
selected cases, but, in most instances, due to the nature of the environment (long distance from
eye care facility; hostile, dirty and unhygienic situation of the living environment; and
illiteracy), patients often require inpatient care and are discharged within a week. POAG
surgery is usually performed under local anaesthesia using lignocaine-containing adrenaline
in appropriate dilution. General anaesthesia is administered where there is a need to do so.

4. The procedure: Trabeculectomy with anti-fibrotic agent

This is performed in the operating theatre under complete aseptic condition. The surgeon and
assistant are fully scrubbed and gowned. The skin around the eye is cleaned with povidone
iodine 5% which is also used to wet and subsequently flush the conjunctiva with normal saline;
adhesive drapes are placed leaving the globe area exposed. A wire speculum is used to part
the lids, the superior rectus muscle is picked with toothed forceps and 4/0 silk suture is passed
under it. A conjuctival flap is then raised. This can either be fornix or limbal based. Limbal-
based flap reduces risk of fibrosis over the filtration drainage site though some believe it allows
a freer connection of the surgical site with external conjuctiva and may in theory increase
infection risk. Proponents of fornix flap believe it offers greater wound closure and lower
infection risk. A caliper is used to demarcate proposed area to raise the outer sclera flap of 5
by 5 mm size. The area is cleared of tenons and haemostasis secured with bipolar wet field
cautery. Ideally a separate trolley is used for administration of antimetabolite. A 5% dilution
of mytomycin C or 5- fluorouracil is employed. A piece of cotton wool is soaked with the agent
and applied over the sclera flap site for five minutes and then washed with 50 millilitres of
normal saline. The trolley is subsequently taken away and the surgeons change gloves. The
outline of the outer sclera flap is demarcated gently with a scalpel. The proximal part is gently
elevated to form the lip of the partial thickness scleral flap. A chooks knife is then used to
bluntly dissect the flap from the base of the cornea. A smaller inner sclera flap of 3 by 3 mm is
then raised and excised. This is followed by a peripheral iridectomy. The outer flap is sutured
at the two proximal edges. Some clinicians prefer to suture all the 4 edges with 10/0 silk sutures.
The knots are buried in the sclera. The anterior chamber (A/C) is reformed with saline via a
cannula. Conjunctiva is sutured at the edges in fornix-based flap. A running suture with a knot
at the two ends can be used to close the conjunctiva in cases that had a limbal-based flap using
absorbable 6/0 vicryl. Subconjuctival dexamethasone 4 mg injection is given and tropicamide
eye drops applied before the eye is padded. First-day assessment includes measuring visual
acuity, IOP, wound site, bleb size and function. Slit lamp bio microscopy is essential in
determining state of the eye, such as cornea clarity, depth of A/C, in addition to fundoscopy.
Post-operative medications include steroid/antibiotic combination eye drops, a mydriatic and
systemic antibiotic such as amoxicillin. Initial follow-up visit is after one week.
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5. Complications of trabeculectomy

Intraoperative complication includes hemorrhage, which can be arrested and bleeding vessels
cauterized. Shallow A/C on the table usually reforms; in the event of delayed reformation,
saline can be injected after the outer sclera flap is sutured.

Post-operative complications include the following:

• Shallow A/C. This is of varied etiology. In case of excessive filtration, the bleb is formed;
there is no aqueous leakage as confirmed by a negative Seidel’s test and the IOP is not raised.
This can be managed by firm pressure padding and observation. In rare instances an
additional transconjuctival suture is applied. Wound leakage results in shallow A/C with
hypotony and positive Seidel’s test detected by dilution of instilled flourescein from the bleb
site on inspection with cobalt blue light on the slit lamp. This can be managed conservatively
by pressure padding and tends to improve. Failure to improve is addressed by applying
one or two additional sutures. Pupil block glaucoma arises from a non-functioning periph‐
eral iridectomy. There is shallow A/C, negative Seidel’s test, with raised IOP and iris bombe.
Laser iridotomy may be required to relieve the pressure. Malignant glaucoma arises from
aqueous back tracking behind the vitreous resulting in hypertony with markedly elevated
IOP, corneal edema and shallow A/C with flattened bleb. Management involves adminis‐
tration of systemic osmotic agents such as mannitol, or urea and intravenous carbonic
anhydrase inhibitors. In some instances Yag Laser is used to disrupt the anterior vitreous
face thus allowing the trapped aqueous to pass through the normal channel.

• Post-operative endophthalmitis. Early manifestation is within 24 to 48 hours. Patient has
pain and reduced vision with redness. This requires standard protocol of endophthalmitis
management such as aqueous/vitreous aspiration for microscopy culture and sensitivity.
Common pathogens are staphylococcus species. Relevant antibiotics are commenced
immediately topically, systemically and intra-cameral/intravitreal. Antibiotic can be
modified based on culture results.

• Other bleb-related complications include bleb failure which could arise from fibrosis or
formation of tenon cyst. Management includes ocular compression, suture manipulation
needling and, in some instances, injection of diluted 5-fluorouracil within the first two weeks
of surgery. Blebitis is characterized by inflammation and debris (exudates). Without
intraocular extension, the vision is normal. Treatment involves taking swab for microscopy,
culture and sensitivity. Topical ofloxacin and ciprofloxacin can be used. Large cystic
acellular bleb can leak. Mild to moderate leakage can be managed conservatively by
pressure padding and antibiotic prophylaxis. Persistent or large area of leakage may require
bleb revision such as advancing a conjuctival hood over it.

• Trabeculectomy can accelerate cataract formation. Cataract surgery should be through an
approach that does not tamper with bleb function.
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6. Conclusion

POAG is a common cause of avoidable blindness in SSA. Due to socio-demographic reasons,
patients have poor access to eye care and often present late. Trabeculectomy with antimeta‐
bolite is an acceptable procedure that offers good IOP control. Proper education of the patient
and caregiver particularly on the goal of treatment is an essential component of management.
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Abstract

Epiretinal membranes (ERMs) are contractile membranes that occur on the inner
surface of the retina and can lead to significant visual impairment when located at the
central retina. Recent advances in vitreoretinal surgery have greatly improved the
safety and efficacy of microsurgical intervention at the retinal surface level. Today,
vitrectomy and membrane peels are considered the treatment of choice for most
patients with ERMs that create significant visual symptoms. Nevertheless, possible
complications such as accelerated cataract formation, recurrence of ERM and retinal
detachment may withhold the choice of surgical intervention. Additionally, in some
cases, simple observation may be advised. In view of surgery, controversies regarding
techniques such as those related to an internal limiting membrane peel and the use of
dye still exist. In this chapter, we cover current surgical techniques for ERM removal,
their expected results, possible complications, as well as a guide for possible case
selection.

Keywords: Epiretinal membrane, surgical management, patient selection

1. Introduction

1.1. Classification

The disease entity of epiretinal membrane (ERM) proliferation was first described in 1865 by
Iwanoff [1]. It is caused by the proliferation of avascular cellular sheets on the inner retinal
surface and along the internal limiting membrane (ILM), which possesses contractile proper‐
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ties and as a result, leads to variable visual symptoms and visual impairments, primarily due
to the mechanical distortion of the macular area. The condition's variable effect on vision is
determined primarily by the severity of the retinal distortion and the location of the membrane.

ERMs can be classified according to their underlying aetiology into: a) primary or idiopathic
ERMs (iERMs) [2], when no underlying causative factor or ocular pathology can be associated
with the membrane formation; b) secondary ERMs, which are commonly found in association
with retinal breaks and retinal detachment (RD), RD surgical repair, laser photocoagulation,
retinal cryopexy, proliferative vitreoretinopathy (PVR), retinal vascular diseases, intraocular
inflammation and ocular trauma [3-7]. Additionally, international literature describes rare
cases of secondary ERM formation associated with type-2 neurofibromatosis [8]. In addition
to the etiological classification, Gass proposed a clinical classification of ERMs based on
biomicroscopical findings [9], according to which ERMs can be differentiated into three grades:

a. Grade 0 membranes or cellophane maculopathy. Translucent membranes not associated
with retinal or visual distortion.

b. Grade 1 membranes or crinkled cellophane maculopathy. Membranes causing an
irregular wrinkling of the inner retinal surface due to the contraction of the overlying
membrane. Increased vascular tortuosity and perimacular vessels being pulled toward
the fovea are common findings.

c. Grade 2 membranes or macular puckers. Opaque and thick membranes that cause
profound retinal distortion and tractional phenomena. Cystic macular oedema, intrareti‐
nal haemorrhages, exudates, foveal ectopia and shallow localized retinal detachment can
be accompanying findings in biomicroscopy.

2. Epidemiology and pathophysiology

Idiopathic membranes and membranes associated with RD or retinal tears, as well as their
management, are the most prevalent clinical phenotypes of ERM proliferation [10]. The
prevalence of iERM in the general population is estimated to be approximately 6 to 7% [11],
with the disease's prevalence increasing significantly with age. Specifically, according to
epidemiologic studies, the prevalence of ERM formation is increasing from 2% under the age
of 60 years to 12 to 20% beyond the age of 70 [2, 10], while it is bilateral in 10 to 30% of cases
[11-12]. Nevertheless, lower prevalence rates have been recorded in Chinese populations [13].
Moreover, histopathological findings suggest the presence of iERMs in 1.7 to 3.5% of autopsied
eyes [12-14]. Regarding secondary ERMs, the disease incidence is 4 to 8% following surgical
management of rhegmatogenous RD [15-16] and 1 to 2% following precautionary treatment
of peripheral retinal breaks [17].

The proposed theories regarding the underlying pathophysiology of ERM formation have
been controversial; furthermore, the exact origin and type of cells that make up different types
of ERMs remains an area of debate [14, 18]. Nevertheless, the general consensus is that the
primary cell component in iERMs is of glial origin, more recently called laminocytes, while
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secondary ERMs predominantly consist of different cell types that do not originate in the
neuroretina, such as retinal pigment epithelial (RPE) cells, macrophages, myofibroblasts and
fibrocytes, depending on the causative ocular pathology [19-20]. Posterior vitreous detachment
(PVD), complete as well as partial, seems to play an important role in ERM pathogenesis.
Specifically, it is well documented that PVD is present in up to 90% of eyes with iERMs and
in fact, in all eyes with ERM formation associated with RD or retinal breaks [21]. It is therefore
believed that glial cells from the neuroretina migrate through breaks in the ILM occurring
during the PVD process and start to proliferate on the inner retinal surface, resulting in the
formation of iERMs [18]. According to another theory, residual vitreous on the retinal surface
following PVD may be related to the development of iERMs [22]. Nevertheless, iERM forma‐
tion is also known to take place in eyes without PVD. In these cases, different theories have
been proposed, including the migration of cells of glial origin through pre-existing ILM breaks
or due to ILM thinning [23]; additionally, the vitreous traction theory proposes that astrocytic
gliosis, commonly triggered by ischaemia and vitreous traction, can also occur in cases with
partial or anomalous PVD (vitreoschisis), or even in the absence of PVD due to the coexistence
of vitreous-retina attachment (complete or partial) with simultaneous vitreous movement,
which is facilitated by the natural liquefying process of the vitreous, ultimately generating
active vitreous traction and therefore, astrocytic gliosis [24]. On the other hand, the formation
of secondary ERMs that develop in association with retinal breaks, RD, cryopexy and laser
photocoagulation, most likely represents a form of mild PVR caused by the release of RPE cells
into the vitreous cavity and their subsequent proliferation on the retinal surface [25]. In their
recent work, Snead and colleagues [26], using surgically peeled membrane specimens and
normal cadaver globes, determined the principal cell populations that characterize different
types of ERMs, thus allowing for a clinical classification of ERMs based on their histopatho‐
logical characteristics, which reflect different aetiologies. Specifically, they concluded that
idiopathic ERMs are characterized by laminocytes and ILM, while the presence of laminocytes
both on the ILM surface and the posterior hyaloid membrane (PHM) in cases of PVD raised
the hypothesis that separation can likely occur due to the cellular activity of pre-existing
laminocytes at the vitreoretinal interface. In ERMs, secondary to RD, retinal tears, PVR, trauma
or intraocular inflammation, RPE cells, macrophages, lymphocytes and collagen were the
primary cell components indicating that these ERMs most likely represent a tissue repair
reaction. Furthermore, ERMs, secondary to PDR and vasoproliferative tumours, consisted
mainly of capillaries and acellular stromal tissue, and were therefore characterized as neovas‐
cular ERMs, with hypoxia likely being the main stimulus for their formation.

In addition, recent studies implementing novel immunohistochemistry and proteomics
techniques have attempted to elucidate the role of inflammatory cytokines and trophic factors
in ERM development and proliferation. Basic fibroblast growth factor (bFGF) supports the
survival and proliferation of glial cells and may play an important role in the ERM pathogen‐
esis [27]. Harada et al. [28] encountered increased reactivity and expression of the bFGF in the
majority of iERM and PDR-associated ERM cases studied. In accordance, similar results were
reported by Chen et al. [29]. Other studies stressed the role of the nerve growth factor (NGF)
and the transforming growth factors β1 and β2 (TGFβ1 and TGFβ2) in iERM formation and
their subsequent contraction [30-31]. Authors suggested that these trophic factors possibly

Surgical Management of Epiretinal Membrane
http://dx.doi.org/10.5772/60513

117



induce the differentiation of glial cells into myofibroblasts, granting ERMs their contractile
properties [30-31]. Increased expression of the vascular endothelial growth factor (VEGF) has
also been reported in iERMs, though its exact role in the disease pathogenesis still remains
unknown [29, 32-33]. Furthermore, proteins such as apolipoprotein A-1, transthyretin, α-
antitrypsin, serum albumin and interleukin-6 have also been proposed to participate in the
pathogenesis of the disease [27, 34].

3. Natural course and associated symptoms

ERMs tend to remain stable or to present limited progression over time, with most patients
experiencing mild or no symptoms following the initial diagnosis, indicating that membrane
contraction possibly occurs at an early phase after its original formation and generally
stabilizes thereafter. According to the findings of the population based “Blue Mountains Eye
Study”, epiretinal membrane progression was encountered in 28.6% of cases, stability was
noticed in 38.8% of eyes, while 25.7% of cases regressed during a five-year follow-up period
[35]. Accordingly, former studies have supported the non-progressive character of the disease
[36-37], since only 10 to 25% of eyes seemed to show a significant decrease in visual acuity over
time, with variable rates of progression [2, 9]. In fact, previous reports suggest that less than
5% of ERM cases present visual acuity of 20/200 or worse [38-39]. Moreover, rare cases of
spontaneous ERM separation from the retina with associated visual improvement have also
been documented [9, 40].

ERMs are symptomatic only if the macular or peri-macular area is involved. In its mildest
forms, such as in cases of cellophane maculopathy, the disease is usually asymptomatic [38-39].
Symptomatic patients usually complain of decreased visual acuity (VA), metamorphopsia or
vague visual disturbances. Other less common symptoms include micropsia and monocular
diplopia [38-39]. In general terms, the extent of the visual effect of the disease is determined
mainly by the degree of the induced retinal distortion, the position of the membrane in
association to the macula, as well as its thickness and transparency. The decrease in VA can
generally be attributed to the filtering effect of the ERM that prevents light from reaching the
photoreceptors, the distortion of the retinal surface, as well as the macular oedema and the
associated vitreoretinal traction due to incomplete PVD, if present. The distortion of the retinal
surface due to ERM contraction, which in some cases can involve the entire retinal thickness,
is the primary cause for metamorphopsia, which is usually the leading and most disturbing
symptom of the disease.

4. Diagnosis

The diagnosis of the disease is primarily clinical, based on fundus biomicroscopy. In its mildest
form, ERM is detected only as a mild glistening light reflex from the inner retina. Fundus
examination or fundus photographs with a blue filter may facilitate visualization of very thin
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membranes [41]. In more advanced cases, wrinkling and/or striae of the retinal surface, as well
as retinal vessel distortion may be noticed during examination. Usually, the membrane itself
is invisible; nevertheless in advanced cases and particularly in cases of secondary membranes
associated with retinal breaks and RD, the ERM can be seen as a grey-whitish membrane that
obscures the visualization of the underlying retinal vasculature and retinal surface. Other
associated biomicroscopic findings may include PVD, small intraretinal and preretinal
haemorrhages, central macular oedema due to retinal vascular leakage, areas of whitening of
the inner retina due to axonoplasmic stasis secondary to ischaemia, foveal ectopia due to
macular traction and pseudoholes. A pseudohole is a commonly associated clinical finding
and is considered to be the result of the formation of a membrane defect accompanied by the
displacement of retinal tissue that occurs during the contraction of the ERM [9]. The Watzke-
Allen slit beam test is a useful clinical test that can differentiate between a pseudohole and a
true full-thickness macular hole [42]. In cases of a positive Watzke-Allen test, the patient will
perceive a “break” in the slit beam. The test is negative in the case of a pseudohole.

Optical coherence tomography (OCT) is the most sophisticated and contemporary imaging
modality in the diagnosis of ERMs. In OCT imaging, an ERM is typically demonstrated as a
hypereflective band over the retinal surface, while wrinkling of the retina is easily visualized
when present. Associated clinical entities, such as vitreomacular traction, macular oedema,
loss of the foveal pit and foveal ectopia due to ERM traction are also readily demonstrated
using this imaging technique (Figure 1). Moreover, OCT can easily differentiate between a
pseudohole and a true macular hole, and can also serve as a very useful tool in ERM preop‐
erative planning and in postoperative follow-up.

Figure 1. OCT image of an epiretinal membrane. In addition to the apparent thick membrane, the OCT scan reveals
considerable macular thickening and cystoid macular oedema. Notice the prominent vascular tortuosity (left) and the
obvious edge in the OCT scan of the membrane (right), which may be used for peeling initiation during surgery.
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In addition, fluorescein angiography (FA) is another adjuvant diagnostic test for ERM. Despite
the fact that it is usually not necessary to establish the diagnosis of an ERM, FA can be helpful
in assessing the extent of vascular distortion and detect the presence of vascular leakage and
macular oedema. ERM associated vascular leakage, when present, is typically irregular,
asymmetric and within the area of the ERM. It is also useful to exclude other lesions that may
share common clinical findings with ERMs, such as choroidal neovascularization and other
vascular diseases of the retina.

5. Surgical technique and instrumentation

The rationale of the technique for removing the ERM has not changed since 1972, when
Machemer introduced this procedure to vitreoretinal surgery. Machemer used a 23g bent
needle to remove the epimacular membrane after 17g pars plana vitrectomy. Despite the
continuous evolvement and development of surgical instrumentation, the technique today
remains practically the same. First, a three-port pars plana vitrectomy is performed. The ERM
is then peeled off with appropriate forceps. Dyes are often used to better visualize the
membrane. Sometimes, scissors are necessary for the dissection of highly-adhered membranes.
Several surgeons proceed to ILM peeling as a next step in order to minimize ERM recurrence.
In most cases, the operation finishes without the need for tamponade and mandatory posture.

In the following paragraphs, the steps of the procedure, as well as the necessary equipment
and adjuvants are described in more detail.

5.1. Vitrectomy

A three-port pars plana vitrectomy is the first step of the procedure, although there are some
reports in the literature regarding direct epiretinal membrane peeling without prior vitrectomy
[43-44]. A core vitrectomy is performed, followed by posterior vitreous detachment, if this is
not already present. This is done either actively with the vitreous cutter, or passively with a
flute needle, starting by elevating the posterior hyaloid membrane at the level of the optic disc.
Subsequently, the vitrectomy is completed with the cortex removal.

5.1.1. Microincision Vitrectomy Systems, MIVS

During the past number of years, most surgeons prefer small gauge vitrectomy systems and
thus, the procedure is sutureless and atraumatic. The systems that are broadly used for the
macula surgery are the 23G and the 25G, while 27G was also recently introduced [45]. The use
of either system depends primarily on the surgeon’s preference and they do not seem to affect
postoperative outcomes [46-49]. However, the wide acceptance of the microincision systems
indicates that these outnumber the 20-g system, offering shorter operating times, reduced
corneal astigmatism, diminished conjunctival scarring, improved patient comfort and in some
cases, earlier visual recovery [50-52]. Although this is true for most vitrectomy applications, it
is especially true for macula surgery including ERM peeling.

Small gauge systems are considered to offer better postoperative comfort due to minimal
surgical trauma. However, as size goes down, instruments tend to be less stiff, sometimes
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thus, the procedure is sutureless and atraumatic. The systems that are broadly used for the
macula surgery are the 23G and the 25G, while 27G was also recently introduced [45]. The use
of either system depends primarily on the surgeon’s preference and they do not seem to affect
postoperative outcomes [46-49]. However, the wide acceptance of the microincision systems
indicates that these outnumber the 20-g system, offering shorter operating times, reduced
corneal astigmatism, diminished conjunctival scarring, improved patient comfort and in some
cases, earlier visual recovery [50-52]. Although this is true for most vitrectomy applications, it
is especially true for macula surgery including ERM peeling.

Small gauge systems are considered to offer better postoperative comfort due to minimal
surgical trauma. However, as size goes down, instruments tend to be less stiff, sometimes
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rendering globe manipulation during surgery difficult. Postoperative leakage from the
unsutured entry sites has been correlated to hypotony and endophthalmitis; however, the
findings in the literature regarding this are not consistent [48, 50, 53-54]. Moreover, as the small
cutter lumen removes smaller vitreous quantities per cut, vitreous removal is relatively slower
compared to traditional vitrectomy. Recent advances in vitrectomy systems related to fluidics,
cutting rates, instrument design and alloys, have succeeded in compensating for most of these
drawbacks and have made microincision vitrectomy systems the preferred platform for most
posterior segment surgeons. The introduction of xenon and mercury vapour lights has also
helped in overcoming some early problems related to illumination. The bright illumination
and low light hazard offered by these light sources, even in very small diameter systems, have
helped to broaden the scope of small gauge vitrectomy.

5.1.2. Visualization systems

Extremely clear visualization of the surgical field represents one of the cornerstones of modern
retinal microsurgery. Dealing with fine tissues and transparent membranes, and avoiding
damage to sensitive structures, requires a very good stereoscopic view. Several systems have
been introduced in surgical practice; below, the most commonly used are reviewed.

5.1.2.1. Contact lenses

Plano-concave lenses are placed directly on the cornea for posterior segment view. Their
primary advantage is the high-resolution image that the surgeon obtains with their application.
However, they have an important disadvantage in the form of their instability during surgery.
In order to overcome this limitation, ring systems have been designed for sutureless stabili‐
zation on the cornea; at the same time, various ways have been proposed for adjusting them
(e. g., on the speculum, at the cannulas etc.). Many surgeons use these lenses either separately
or in combination with a non-contact system.

5.1.2.2. Non-contact systems

The first non-contact optical system for visualizing the posterior segment was presented in
1987, which was the binocular indirect ophthalmomicroscope (BIOM, Oculus, Wetzlar,
Germany) [55]. It is the most frequently used wide-angle viewing system for retinal surgery.
The BIOM, as all other non-contact systems, is based on indirect ophthalmoscopy, which
results in an inverted image. An optical system introduced in the microscope’s optical pathway
is used for image re-inversion, so that the image viewed by the surgeon has normal orientation.
An important feature of the BIOM is the variety of lenses that one can choose from and switch
between during surgery, as it comes with a 60 deg., 90 deg. and 120 deg. refraction lens. For
example, for macular surgery, a 60 deg. macula lens can be placed for the membrane peeling,
while at the end of the procedure, the surgeon can switch to a 120 deg. wide field in order to
check for breaks at the periphery. In first BIOM generations, the focus and the inversion of the
field were manual; however, most recent BIOMs have incorporated a footswitch for focus
adjustment and an automated inverter.

Other non-contact systems include the EIBOS (HS, Moeller-Wedel Optical GmbH, Wedel,
Germany), the OFFISS (optic fibre free intravitreal surgery system/OFFISS; Topcon Medical
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Systems, Oakland, NJ), the OptiFlex (Volk, Mentor, OH), the PWL (PWL; Ocular Instruments,
Bellevue, WA) and the Resight 700 (Carl Zeiss Meditec AG, Jena, Germany). Each of them has
positive (automatic inverters, adjusted illumination, automatic lens switches, etc.) and
negative (adjustable in specific microscopes, unstable coaxiality, etc.) aspects. Eventually, the
selection of the particular optical system will depend on the surgeon’s experience, comfort and
familiarity with the technique and the technology.

5.1.3. Visualization adjuvants

Vital dyes stain the faint epiretinal membranes and thus improve contrast during surgery.
Their utilization has considerably facilitated macular surgery and is considered by many
surgeons extremely helpful for both ERM and ILM removal [56]. Trypan Blue (TB) is the most
frequently used dye and stains mainly the ERM. Brilliant Blue G (BBG) stains both the ILM
and ERM and is preferred when ILM removal is also desired. Other dyes such as indocyanine
green (ICG) and infracyanine green (IFCG) primarily stain the ILM and we will not discuss
their use in this chapter.

The use of trypan blue for ERM staining has been well-studied and is considered an excellent,
non-toxic approach for visualizing the membrane [57-59]. It is usually injected under air in
order to avoid lens capsule staining; this will hinder the continuation of the operation due to
the deprivation of the view of the posterior segment. Alternatively, heavy TB can be used,
which does not demand an air-fluid exchange [60]. The TB is left for one- to three-minutes and
is then washed away. The epiretinal membrane and other proliferative tissue are stained and
their edges show against the unstained background.

Brilliant Blue G mostly stains the ILM, but the ERM is also stained to some degree [61]. It is
preferred when dual staining is necessary, for simultaneous removal of ERM and ILM [62]. It
is also injected under air and washed away after a few minutes. It is generally reported to be
safe although some concerns about retinal toxicity have been raised [59, 63-64].

Another substance that is quite effective in visualizing ERMs is triamcinolone (TA). TA is not
a dye; it forms crystals that are deposited through loosely organized collagen matrices, making
visible the vitreous body, but also ERMs and the ILM [65].

5.1.4. Forceps and scissors

Fine instruments are imperative for handling fine structures such as the epiretinal membranes
and the ILM to lessen possible damage to the underlying retinal tissue. Instrument sizes follow
the trend of minimizing the size of the vitrectomy ports. Nowadays, forceps, scrapers, scissors
and other adjuncts exist in compatibility with 20g, 23g, 25g and 27g PPV systems.

End-grasping forceps are the most commonly used instruments for ERM peeling. Klaus
Eckhardt developed the first fine end-grasping forceps in the 90s; these proved to be very
effective and are still preferred today. Later, Charles developed conformal forceps, meaning
that they have the same radius of curvature as the retina and avoid grasping of the retinal
surface by grasping the nerve fibre layer (NFL) during the procedure. Rarely, in high adherence
situations, scissors can be used. Horizontal scissors are preferred because of their safer profile
compared to vertical scissors. They can be inserted into the potential space between the
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membrane and the retina, with both blades more efficiently delaminating the ERM from the
subjacent tissue.

When the edge of the membrane is not easily grasped by forceps, a Tano diamond dusted
membrane scraper (DDMS) can be used. This tool is coated with inert diamond dust that makes
traction easier and offers an atraumatic alternative to finding the edge of the membrane due
to its soft silicon tip. The Tano DDMS is for some surgeons an indispensable part of macular
surgery. Its use is also suggested for ILM removal. However, attempting to create an edge at
the ILM with this tool is strongly discouraged due to the damage it can cause to the subjacent
tissue [66].

5.2. Removal technique

Once the vitrectomy is completed, the ERM is inspected for visible edges. Existing edges are
visualized much better if dye has been used for ERM staining. Moreover, careful preoperative
evaluation using SDOCT can be extremely helpful in this regard by providing information
about the 3D configuration of the membrane and the selection of an optimum area for peel
initiation. If a pre-existing edge cannot be found, it can be created using a pick or a micro-
vitreoretinal (MVR) blade. The edge is then grasped with the forceps, with the one blade on
the anterior surface and the other under the membrane, and a circumscribed flap is created.
Then, careful and gentle dissection is started from the periphery to the centre of the membrane
(outside-in technique), similar to the capsulorhexis in cataract surgery. Alternatively, the
membrane is grasped centrally and peeled away from the centre, always in a circumferential
pattern (inside-out technique). Some surgeons consider the inside-out technique safer, because
the central retina is thicker and stronger, making it easier for the surgeon to find a tissue plane
to begin with.

Since both the picking and the grasping of the membrane can cause damage to the subjacent
retinal tissue (tears, bleeding, ischaemia), good visualization and controlled manoeuvres are
very important at this stage. Directing the tip tangentially to the retinal surface and engaging
the membrane from different directions helps to avoid fragmentation of the tissue sheet and
inadvertent tearing of the retina [67].

Charles has proposed an alternative approach for minimizing tissue damage, described as
“pinch peeling”. In this case, the forceps pinch the membrane without creating an “edge” and
grasp it with the two blades on the surface of the membrane. Retinal contact is thus avoided
and the risk of retinal damage is minimized [68].

5.2.1. ILM peeling

Very often, the ILM is peeled off together with the ERM. This can be monitored during ERM
peeling by using a dye that stains both the ERM and the ILM, e. g., Membrane Blue Dual®
(DORC, Japan). If this is not achieved, the ILM can be removed at a second step. ILM peeling
is impossible without the creation of an opening in the inner limiting membrane. If an edge of
the ILM has not been created during ERM manipulation and removal, it can be made using a
pick or MVR blade, at a location away from the maculo-papillary bundle, frequently along the
temporal horizontal raphe. The fine-end forceps are again used to grasp and elevate the
membrane and peeling is again performed in a circular motion, extending towards the vascular
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arcades. The simultaneous removal of the ILM is imperative for some surgeons, but it is not
yet clear whether it affects recurrence rates [69-70] or retinal function [71-73].

5.3. Conclusion of surgery

Following ERM removal, inspection of the peripheral retina follows; if this shows no iatrogenic
damage, surgery is completed by trocar removal and sclerotomy closure. If iatrogenic damage
is present, breaks in the periphery without subretinal fluid accumulation can be treated by
laser retinopexy or cryoretinopexy. The presence of significant amounts of subretinal fluid
necessitates internal drainage, retinopexy and gas tamponade.

Although scleral ports in small gauge vitrectomy are designed so that no sutures are necessary,
careful inspection of the water tightness of the ports at the conclusion of surgery is mandatory
in order to avoid early postoperative hypotony. Gentle massage of the site of scleral incision
after trocar removal can improve a relatively leaky incision. Occasionally, the insertion of a
small suture may be necessary for a leaky scleral incision.

6. Results and prognosis

6.1. Functional results

In general, visual acuity seems to improve following ERM surgery. More than 50% of patients
gain 2 or more logMAR lines and less than 10% end up with lower postoperative VA [74-76].
Preoperative vision is usually 20/63 or worse, but cases with good visual acuity have been
reported to benefit from surgery, too [77]. Improvement in vision usually occurs in the first
two to three months, but complete recovery may require six to 12 months following surgery.
Additionally, cataract extraction is very likely to be needed shortly after ERM peeling, as
nuclear sclerosis accelerates after vitrectomy [75, 77-79].

Overall, visual prognosis depends on preoperative vision, the duration of symptoms and the
preoperative anatomical status of the fovea and retinal layers [74, 80]. Postoperative BCVA is
better in patients with good preoperative VA, but the gain in letters seem to be greater for
patients with poorer preoperative VA. This means that patients with low preoperative visual
acuity do not enjoy complete recovery after macular membrane removal. Limited restoration
of the VA in these patients can be due to chronic traction, which results in permanent retinal
vascular incompetence. Subsequent retinal vascular leakage and persistent cystoid macular
oedema restrict the restoration of macular function and anatomy.

Metamorphopsia, one of the main reasons for patients deciding to undergo surgery, has not
been investigated in a methodical and quantified manner. In the few studies that have studied
metamorphopsia, it appears to improve after surgery and can happen as early as the first
postoperative month [81-82]. Its preoperative existence affects postoperative visual outcomes,
but the duration of preoperative symptoms do not affect the postoperative visual acuity three
months after surgery [81].
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6.2. Anatomical outcome

Postoperative reduction of the central macular thickness (CMT) has been a consistent finding
in most studies [75, 83]. Figure 2 shows the anatomic restoration of the fovea (b) and following
the removal of the epimacular membrane (a) in one of our cases, six months postoperatively.
Visual recovery, however, is not always correlated with the decrease of retinal thickness.
Recent studies have correlated other preoperative and postoperative anatomical features with
visual outcomes. OCT represents an invaluable tool for the assessment of these features,
primarily by using high definition techniques. Ellipsoid zone (IS/OS) integrity, photoreceptor
outer segment (PROS) length and external limiting membrane (ELM) integrity represent some
of the anatomical characteristics that appear to play an important role in functional prognosis.
Significant changes in ellipsoid integrity (IS/OS) have been correlated with visual outcomes,
while postoperative elongation of the PROS have been described in successful cases [84].

Figure 2. Anatomical restoration after ERM peeling; a) preoperative image of contracted ERM with retinal thickening
and cystoid macular oedema; b) six months after surgery the foveal anatomy has greatly improved. Small intraretinal
cysts can still be seen along with some changes in the outer retinal layers.
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On the other hand, although postoperative visual field loss is known to occur in some cases
following ERM surgery, its correlation with anatomical changes in the OCT has not been
confirmed by the literature. The effect of surgery on the nerve fibre layer (NFL) and the
ganglion cell layer (GCL) are under intense investigation, especially with “en face” OCT and
other sophisticated techniques. However, the results on whether there is loss of neuronal or
glial tissue remain ambiguous, as do reasons for the late deformation of the central retina, often
observed following ERM surgery. Based on modern retinal imaging modalities, it is believed
that retinal reconstruction continues for months after ERM peeling [85-86].

6.3. Prognosis of different ERM subtypes

Secondary epiretinal membranes have worse prognosis than idiopathic membranes [69].
Limited visual recovery, as well as higher recurrence rates, is reported. Diabetic membranes
are difficult to manage, as they are accompanied by severe retinal damage that can lead to
serious complications including haemorrhage, detachment and re-proliferation of the connec‐
tive tissue [87]. Postoperative ERMs (including ERMs developed after vitrectomy for retinal
detachment, but also after laser or cryo-retinopexy) have limited visual recovery, especially
when the macula is detached [88]. Finally, inflammatory membranes illustrate variable results,
depending mostly on the effect of the subjacent inflammation on the retinal function [89].

7. Complications

Epiretinal membrane removal is generally a safe procedure. Intraoperative complications
involve retinal breaks, retinal haemorrhage, retinal whitening and retinal surface damage.
Postoperative complications include cataract formation, rhegmatogenous retinal detachment
(RRD), cystoid macular oedema, endophthalmitis and the recurrence of fibrotic tissue.

A common intraoperative complication is the creation of iatrogenic retinal breaks. These occur
during vitrectomy; thus, careful examination of the periphery with indentation at the conclu‐
sion of surgery is crucial for their early/prompt diagnosis. Their treatment is straightforward,
that is, through the application of intraoperative laser retinopexy or cryopexy. However, a
break can also occur at the posterior pole (due to pinching or during the dissection of a high-
adherent membrane) and in this case, laser treatment may be hazardous to the fovea and
should be performed with caution.

Haemorrhage at the site of pinching or grasping or at the area where the membrane detaches
from a retinal vessel is also common. In this case, recovery is usually short and uneventful.
More extensive bleeding may occur less often when a vessel is damaged during the dissection
and can be controlled by increasing intraocular pressure or intraoperative cautery.

Retinal whitening is the result of ischaemia that usually resolves intraoperatively; nevertheless,
sometimes it may persist for an extended period of time. Membrane manipulation can also
cause surface tissue damage, which may or may not be symptomatic. Symptoms involve
primarily visual field defects and one should differentiate if these are due to tissue deficits or
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ischaemia. In the first case, direct damage may be the result of pinching or gripping of the
membrane; additionally, indirect damage to the inner retina can occur if ILM peeling had been
part of the surgical procedure.

The most frequent postoperative complication of ERM surgery is the progression of nuclear
sclerosis of the crystalline lens. Most often, visual acuity improves during the first six to nine
months, but then slowly decreases as the cataract develops. The majority of phakic patients
undergo cataract extraction within two years in order to maximize the benefits of the initial
operation. For this reason, some surgeons prefer a combined operation of phacoemulsification,
ERM peeling and IOL implantation [74-76, 90].

Rhegmatogenous retinal detachment is another important postoperative event. The cause in
this case is usually a peripheral break caused by traction or incarceration of vitreous in the
sclerotomies and demands surgical treatment.

Recurrence of ERMs may be seen in up to 5% of eyes with idiopathic membranes. Younger
individuals, patients with a prior history of retinal detachment and patients with a prior
history of uveitis tend to have a higher recurrence rate, which in some studies have been
up to 12% [71].  Remarkably,  recurrence is  reported to be higher by many studies when
ILM is left intact [69, 91].

Endophthalmitis is quite rare after standard 20g vitrectomy (0.02 to 0.14%) [92]. For transcon‐
juctival sutureless vitrectomy (TSV) and especially when using the 25g system, higher rates
have been reported (0.04 to 1.55%) [92]. Nevertheless, this finding has not been conclusively
confirmed in the literature; thus, the question regarding the increased risk of infection after
TSV is yet to be clarified [93-97].

8. Surgery vs. observation

Despite the favourable results of surgery for the treatment of ERM, debate remains regarding
a preferable treatment strategy. Decision for surgery and selection of the proper method
depends on the surgeon’s preference and on the patients’ characteristics. Nevertheless, it is
highly significant to perform meticulous patient selection for each method in order to achieve
better outcomes with regard to patients’ overall visual ability and quality of life.

As discussed above, interventional studies indicate that early surgical removal can relieve
disturbing symptoms and stabilize vision, which may worsen later [74-77, 81-82]. This is in
contrast with the fact that ERMs do not always progress and may be stable during follow-up
without any intervention [35, 98]. Moreover, there are possible side effects to surgery and the
improvement in visual acuity is greater in patients with preoperative lower visual acuity.

In the paragraphs that follow, we will attempt to review data from the literature concerning
surgery timing and patient selection.

Epidemiological population-based studies suggest that a large percentage of cases diagnosed
with ERM may remain stable during follow-up. These studies agree that the disease is non-
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progressive in a significant percentage of cases and also that regression may be observed
without any intervention. In the Blue Mountains eye study, 28.6% of cases experienced
progression, 38.8% of eyes remained stable and 25.7% of cases regressed in a five-year follow-
up period [35]. In a prospective cohort study of 1932 patients undergoing cataract surgery, it
was reported that 43% of patients progressed postoperatively after one month had passed
during a 36-month follow-up, 32.4% of patients remained stable and 24.6% of patients
regressed [98]. According to these results, similar percentages of patients with cellophane
maculopathy and patients with preretinal fibrosis progressed; additionally, the regression
rates in both groups were similar: 26% of cellophane reflex cases and 18% of preretinal fibrosis
cases regressed spontaneously without surgical intervention. Of the 14 cases of preretinal
fibrosis regression, five cases had complete regression, while the rest had partial ERM
regression. In the Blue Mountains study, regression rates were similar in the cellophane
macular reflex (CMR) group and in the preretinal macular fibrosis (PMF) group (25.7% and
25.8%, respectively). Regarding progression, 16.1% of participants with PMF at baseline and
32.8% of patients with CMR at baseline progressed, including 17 eyes in which CMR pro‐
gressed to PMF (9.3%). There was no significant association between the ocular and systemic
risk factors detected for predicting the progression of preretinal macular fibrosis during the
five-year follow-up [35]. It appears that according to these prospective cohort studies,
progression of ERM affected about a third of patients; furthermore, a small amount of patients
regressed completely. The differences in percentages among studies can be attributed to the
different criteria selected for progression and regression, as well as to the different study
populations.

Based on these data, a follow-up period prior to making a decision for surgery was imposed
in most cases, depending on the amount of visual disturbance upon diagnosis.

Regarding visual acuity, in the Blue Mountains study, the authors demonstrated that the
level of mean visual acuity was only slightly affected by incident preretinal macular fibrosis
and was unaffected by incident cellophane macular reflex. The average reduction of visual
acuity after five years in the worst eyes was 5.7 letters (CI, 5.3 to 6.1) in subjects without
incident epiretinal membranes, 7.4 letters (CI, 4.7 to 10.1) in eyes with incident preretinal
macular fibrosis and 2.8 letters (CI,  1.6 to 4.0)  in eyes with incident cellophane macular
reflex. Corresponding mean differences in visual acuity between the baseline and a five-
year  examination were not  statistically  significant  [35].  Thus,  surgery was not  promptly
needed with regard to visual acuity, since the progression of vision loss, if any, was very
slow.  When surgery  is  undertaken in  cases  with  significantly  impaired visual  acuity,  it
provides improvement more frequently and to a greater extent than in eyes with better
preoperative visual acuity [79].

On the other hand, eyes with lower preoperative visual acuity tend to have lower final visual
acuity, whereas the final visual prognosis is better for eyes with better preoperative visual
acuity [79, 99]. Studies using spectral domain optical coherence tomography have shown that
visual disturbance induced by ERM is associated with intraretinal changes, including the
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without any intervention. In the Blue Mountains eye study, 28.6% of cases experienced
progression, 38.8% of eyes remained stable and 25.7% of cases regressed in a five-year follow-
up period [35]. In a prospective cohort study of 1932 patients undergoing cataract surgery, it
was reported that 43% of patients progressed postoperatively after one month had passed
during a 36-month follow-up, 32.4% of patients remained stable and 24.6% of patients
regressed [98]. According to these results, similar percentages of patients with cellophane
maculopathy and patients with preretinal fibrosis progressed; additionally, the regression
rates in both groups were similar: 26% of cellophane reflex cases and 18% of preretinal fibrosis
cases regressed spontaneously without surgical intervention. Of the 14 cases of preretinal
fibrosis regression, five cases had complete regression, while the rest had partial ERM
regression. In the Blue Mountains study, regression rates were similar in the cellophane
macular reflex (CMR) group and in the preretinal macular fibrosis (PMF) group (25.7% and
25.8%, respectively). Regarding progression, 16.1% of participants with PMF at baseline and
32.8% of patients with CMR at baseline progressed, including 17 eyes in which CMR pro‐
gressed to PMF (9.3%). There was no significant association between the ocular and systemic
risk factors detected for predicting the progression of preretinal macular fibrosis during the
five-year follow-up [35]. It appears that according to these prospective cohort studies,
progression of ERM affected about a third of patients; furthermore, a small amount of patients
regressed completely. The differences in percentages among studies can be attributed to the
different criteria selected for progression and regression, as well as to the different study
populations.

Based on these data, a follow-up period prior to making a decision for surgery was imposed
in most cases, depending on the amount of visual disturbance upon diagnosis.

Regarding visual acuity, in the Blue Mountains study, the authors demonstrated that the
level of mean visual acuity was only slightly affected by incident preretinal macular fibrosis
and was unaffected by incident cellophane macular reflex. The average reduction of visual
acuity after five years in the worst eyes was 5.7 letters (CI, 5.3 to 6.1) in subjects without
incident epiretinal membranes, 7.4 letters (CI, 4.7 to 10.1) in eyes with incident preretinal
macular fibrosis and 2.8 letters (CI,  1.6 to 4.0)  in eyes with incident cellophane macular
reflex. Corresponding mean differences in visual acuity between the baseline and a five-
year  examination were not  statistically  significant  [35].  Thus,  surgery was not  promptly
needed with regard to visual acuity, since the progression of vision loss, if any, was very
slow.  When surgery  is  undertaken in  cases  with  significantly  impaired visual  acuity,  it
provides improvement more frequently and to a greater extent than in eyes with better
preoperative visual acuity [79].

On the other hand, eyes with lower preoperative visual acuity tend to have lower final visual
acuity, whereas the final visual prognosis is better for eyes with better preoperative visual
acuity [79, 99]. Studies using spectral domain optical coherence tomography have shown that
visual disturbance induced by ERM is associated with intraretinal changes, including the
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disruption of photoreceptor integrity. These findings suggest that the damage resulting from
ERMs is partially irreversible, regardless of surgical management. Consequently, from this
point of view, an early intervention prior to the induction of permanent damage seems more
rational.

In order to make the decision for undergoing surgery, it is important to evaluate the prognosis
of surgery in each case. Preoperative evaluation with time-domain OCT (TDOCT) and spectral-
domain OCT (SDOCT) has given us the ability to assess morphologic features that correspond
to intraretinal tissue damage and its association with preoperative visual symptoms, and to
evaluate the potential for improvement [81, 100-103]. According to clinical studies with
TDOCT and SDOCT, the preoperative disruption of the photoreceptors’ inner and outer
segment junction (ellipsoid zone, IS/OS) is one of the main prognostic factors. Suh et al. and
Falkner-Radler et al. compared TDOCT in ERM patients pre- and post- vitrectomy and found
that eyes experiencing disruption of the ellipsoid zone had significantly lower postoperative
best corrected visual acuity (BCVA) and lower BCVA differences when comparing pre- and
post-surgery conditions, compared to those without preoperative OCT disruption [81, 100].
The latter study additionally confirmed the predictive value of ellipsoid zone integrity for
postoperative functional outcomes with SDOCT [100]. Inoue et al. and Kim et al. prospectively
allocated their patients based on preoperative ellipsoid zone integrity in groups of intact versus
disrupted and found that the intact ellipsoid zone cohort had better final visual acuity and
better improvement in visual acuity. The predictive role of the preoperative central foveal
thickness, the presence of a macular pseudohole or the presence of retinal cysts was not
confirmed in these studies [101-103].

Other factors that may predict visual outcome and affect decisions regarding surgery are the
presence of any other macular co-morbidity such as age-related maculopathy. The length of
the photoreceptor outer segment and the thickness of the inner retinal layer are also correlated
with visual function, and might therefore be useful in predicting surgical outcomes [103].
Additionally, as mentioned earlier, the presence and severity of metamorphopsia has also been
correlated with final visual outcomes [81-82].

9. Conclusion

Vitrectomy and membrane peeling is currently the preferred surgical treatment option for eyes
with ERM. However, no consensus has been established concerning an optimal time for
surgery. Early intervention may prevent the evolvement of non-reversible damage to the outer
retina; however, ERM progression concerns only a small percentage of patients. Follow-up
with SDOCT and clinical examination for recording visual acuity and metamorphopsia is
imposed in early cases prior to decision-making. Moreover, in more advanced stages, the
application of SDOCT for assessing retinal integrity and predicting postoperative outcomes is
necessary in order to predict possible functional gain following surgery.
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Chapter 8

Minimally Invasive Sutureless Day Case Vitrectomy
Surgery for Retinal Detachments, Floaters, Macular
Holes and Epiretinal Membranes – An Experience from
London, Windsor and Reading

Lik Thai Lim and Ahmed El-Amir

Additional information is available at the end of the chapter
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Abstract

This chapter takes an ophthalmologist through vitreo-retinal (VR) surgery from the be‐
ginning to the end, using a case-based approach to highlight the skills required, lessons
learnt from and pit-falls to avoid in VR surgery. This is especially useful to those who are
new and intermediate VR surgeons.

The case represents the common conditions requiring VR surgery, so that the reader can
get exposure from the common cases, ranging from hot cases like retinal detachment, to
cold cases like macular hole surgery and epiretinal membrane peel, and important cases
like diabetic VR cases and trauma cases.

Keywords: Vitreo-retinal, surgery, retina, vitreous

1. Introduction

Vitreoretinal (VR) surgery is an ever-changing speciality with newer and more effective
instruments and equipments being introduced constantly over time. Long gone were the days
when 20 gauge vitrectomy was first introduced. We now have 23, 25 and 27 gauge systems
with improved duty cycles and cut rates aiding the safety and results for patients [1, 2, 3].
Although the instruments maybe updated from time to time, certain basic VR surgical
techniques remain core to any VR operation.

This chapter is aimed at taking the reader from the basics in learning and performing VR
surgery, touching on the main basic principles and building on with surgical pearls, some of
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which are not found in standard VR textbooks. Whenever possible, there will be a link
provided to access short video clips to reiterate the techniques and concepts discussed, making
this an interactive chapter. As such, the beginner and the intermediate-level surgeons will
benefit from this chapter, with points for the advanced surgeon.

As there are many different models and types of vitrectomy machines, the discussion in this
chapter will will focus on the concepts and techniques and parameters common to all ma‐
chines. It is expected that the reader is familiar with the commonly used instruments for VR
surgery.

This chapter is not meant to substitute a standard VR surgery textbook but merely an infor‐
mative supplementary chapter focussing on practical techniques. The chapter is arranged in
a gradual way of introducing VR surgery starting from simple cases through to more complex
cases, with clinical pearls and discussion of techniques and learning points for each case. The
approach to this chapter shall be case based. It is assumed that the readers would be familiar
and well versed in the basic anatomy, physiology, and pathology of the eye. However, relevant
consideration in basic sciences will be reiterated to highlighting surgical principles and
concepts in a more memorable way. Each case is presented with learning points and is itemised
for easier read and revision.

It is hoped that the techniques and approach to VR surgery discussed in this chapter will allow
the reader to adopt a flexible and appropriate combination of techniques and approaches to
meet the individual surgical requirements that each case merits, in a safe and controlled
manner, given that VR can be an unforgiving subspecialty if not performed expertly.

2. General considerations for the new VR surgeons

It is important to ensure that the patient is comfortable and the cornea is parallel with the floor.
The surgeons position should also be comfortable.

Please note that the anterior vitreous base is 1 mm in front of the recti insertion, and the posterior vitreous
base is 3–5 mm behind the recti insertion. The ora is at the insertion line of all the recti except for the
superior rectus, which is 1 mm in front of the superior rectus insertion.

Setting up of the three port pars plana vitrectomy (PPV) is a crucial start of the surgery, and
each step needs to be meticulously performed. The positions of the three trocars are in the
inferotemporal quadrant, superotemporal quadrant, and superonasal quadrant. Each trocar
should be placed at an appropriate distance from the limbus, with 4 mm away from the limbus
if the patient is phakic and 3.5 mm away for pseudophakic patients.

Since most centres have moved towards small gauge ports [4, 5, 6], with many surgeons
preferring the sutureless transconjunctival sclerostomies, the technique to perform the
sclerostomies needs to be mentioned here. The trocar needs to be inserted obliquely (approx‐
imately 45°) till midscleral depth, before the trocar is reposition perpendicular to the sclera to
complete the sclerostomy incision [7, 8]. This will result in a shelved wound for better self-

Advances in Eye Surgery140



which are not found in standard VR textbooks. Whenever possible, there will be a link
provided to access short video clips to reiterate the techniques and concepts discussed, making
this an interactive chapter. As such, the beginner and the intermediate-level surgeons will
benefit from this chapter, with points for the advanced surgeon.

As there are many different models and types of vitrectomy machines, the discussion in this
chapter will will focus on the concepts and techniques and parameters common to all ma‐
chines. It is expected that the reader is familiar with the commonly used instruments for VR
surgery.

This chapter is not meant to substitute a standard VR surgery textbook but merely an infor‐
mative supplementary chapter focussing on practical techniques. The chapter is arranged in
a gradual way of introducing VR surgery starting from simple cases through to more complex
cases, with clinical pearls and discussion of techniques and learning points for each case. The
approach to this chapter shall be case based. It is assumed that the readers would be familiar
and well versed in the basic anatomy, physiology, and pathology of the eye. However, relevant
consideration in basic sciences will be reiterated to highlighting surgical principles and
concepts in a more memorable way. Each case is presented with learning points and is itemised
for easier read and revision.

It is hoped that the techniques and approach to VR surgery discussed in this chapter will allow
the reader to adopt a flexible and appropriate combination of techniques and approaches to
meet the individual surgical requirements that each case merits, in a safe and controlled
manner, given that VR can be an unforgiving subspecialty if not performed expertly.

2. General considerations for the new VR surgeons

It is important to ensure that the patient is comfortable and the cornea is parallel with the floor.
The surgeons position should also be comfortable.

Please note that the anterior vitreous base is 1 mm in front of the recti insertion, and the posterior vitreous
base is 3–5 mm behind the recti insertion. The ora is at the insertion line of all the recti except for the
superior rectus, which is 1 mm in front of the superior rectus insertion.

Setting up of the three port pars plana vitrectomy (PPV) is a crucial start of the surgery, and
each step needs to be meticulously performed. The positions of the three trocars are in the
inferotemporal quadrant, superotemporal quadrant, and superonasal quadrant. Each trocar
should be placed at an appropriate distance from the limbus, with 4 mm away from the limbus
if the patient is phakic and 3.5 mm away for pseudophakic patients.

Since most centres have moved towards small gauge ports [4, 5, 6], with many surgeons
preferring the sutureless transconjunctival sclerostomies, the technique to perform the
sclerostomies needs to be mentioned here. The trocar needs to be inserted obliquely (approx‐
imately 45°) till midscleral depth, before the trocar is reposition perpendicular to the sclera to
complete the sclerostomy incision [7, 8]. This will result in a shelved wound for better self-

Advances in Eye Surgery140

sealing (similar idea as the main phacoemulsification corneal stepped incision for self-sealing
effect). Recent evidence from endosurgical imaging techniques presented at the American
Academy of Ophthalmology meeting 2015 shows that a 2-step insertion technique can cause
trauma and ‘stretch’ to the pars plana possibly increasing a risk of an entry-site tear or
haemorrhage. Therefore some experts recommend a 1-step insertion technique. Clinical
experience suggests that this risk is low (1 in 300 cases).

The infusion line needs to be checked and allowed to flow before insertion to allow air bubbles
to be expelled before connecting to the inferotemporal trocar. Before switching on the infusion,
check to make sure that the infusion cannula is in the vitreous cavity and not anywhere else,
pointing towards the centre of the vitreous cavity. Then the infusion is switched on.Remember
to switch on the inverter on the operating microscope to facilitate the correct view of the retina.
Some systems such as the Carl Zeiss system do this automatically. Others will invert manually
by a hand switch or a foot switch.

There are also many different types of binocular indirect ophthalmic microscope viewing
system (BIOM system) for viewing the retina for VR surgery. Regardless of the system used,
the basic principle for retinal surgical work (apart from macula work) requires a wide view.
In this situation, the microscope is zoomed out to the maximum, and the BIOM lens is adjusted
until a clear focus is obtained. Then the microscope is lowered until a wide clear view is
obtained which involves the BIOM lens being a few millimetres away from the cornea.

The general principle of vitrectomy is to surgically remove most of the vitreous, to allow the
surgeon to do whatever retinal work that is required. With the vitreous cavity illuminated
(either with handheld light pipe or chandelier light), the vitrector is introduced into one of the
trocars, and core vitrectomy is performed at the centre of the vitreous cavity. Then posterior
vitreous detachment (PVD) is checked. If it is absent, then a PVD should be induced. If PVD
is present, then peripheral shave of the vitreous should be performed after core vitrectomy.
The peripheral shave is a dynamic process requiring constant eye–hand–feet coordination
(moving the X–Y shift of the microscope foot pedal), moving around the vitreous base as the
vitrectomy is going on. This will allow for optimal visualisation of the area being vitrectomised.

The technique to get a good thin shave of the vitreous is to tilt the eye as much as possible
towards the vitrector with the vitrector being placed at the edge of the optimal peripheral
retinal view. The peripheral shave is performed systematically. The vitrector is placed at the
edge of the fundal view in order to get as close a shave as possible, with the vitrector being
placed at a clock hour for approximately 10–15 seconds to ensure a good shave before moving
on to the next clock hour. Especially for phakic eyes, it is important to not cross the midline to
avoid lenticular touch. Ensure the port of the vitrector is always facing away from the retina
to avoid retinal incarceration.

The induction of PVD requires certain basic consideration, although there are different
approaches (varying among surgeons). As the vitreous is attached at its strongest point in the
ora serrata and the optic disc, and the induction of PVD is done near the optic disc, the vitrector
should be switched to aspiration only and directed towards the optic disc. By increasing the
aspiration rate, the vitrector cutter orifice is swirled hovering above the optic disc in a slow
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methodical manner to capture the bulk of vitreous body before it is pulled tangentially away
to the midperiphery of the retina, avoiding the macula and major arcades. Once reaching
midperiphery, then the surgeon can switch to cut to release the tip of the vitrector from
vitreous. The process is repeated until a definite PVD is obtained. Once PVD is induced, then
the surgeon can continue with the peripheral shave as described above.

Now that we have reviewed the basic steps of vitrectomy, we are now going to discuss more
techniques and methods tried and tested for a more effective and safer VR surgery through a
case based discussion format.

3. VR cases for further practical learning points

Case 1: Macula-off retinal detachment (RD) with multiple holes in 3–4 quadrants in a phakic
patient, with posterior vitreous detachment (PVD) positive

In this first case of RD, we take the reader through the steps in RD repair (although there may
be slight variations among different surgeons). Subsequent points will just highlight learning
points for that particular case, with the assumption that the reader would have been familiar
with the surgical steps in VR surgery, as discussed in the introduction section.

1. Three port pars plana vitrectomy (PPV)

2. Core vitrectomy followed by the induction of PVD if not present. Otherwise, continue with
core vitrectomy followed by peripheral vitreous shave.

3. Do not cross midline to avoid lenticular touch in phakic eyes.

4. Careful vitrectomy is done near to the retinal break with minimal vacuum and vitrector cut
rate to relieve traction while minimising iatrogenic breaks or widening the existing break. This
can be done by increasing the cut rate and reducing the aspiration rate when vitrectomising
near the break.

5. After the vitrectomy is performed, assess if the retinal break causing the RD is vital. By
touching the retina break area, the surgeon can then assess for vitreous traction.

6. Steps 5 and 6 can be repeated until all traction is relieved.

7. Then indent the sclera (e.g., by using a squint hook) to check for other breaks all round, after
the irrigation pressure is reduced (e.g., 10 mmHg).

8. Cryotherapy of the break/s can be done in either saline (as long as detached retina layer can
be indented by the cryoprobe to be in opposition with the choroid layer) or air (with or without
diathermy marking). Diathermy around the area of break/s especially small breaks will make
it easier for the surgeon to identify break/s for cryoretinopexy. Care needs to be taken so that
the area of lesion will not be over treated with cryotherapy. This can lead to thinning of sclera,
sclera necrosis, and scleritis. In our practice, a definite whitening of the area being cryoed is
considered as adequate cryoreaction.
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9. Backflush (flute) is used to drain subretinal fluid (SRF) from near the break in an accessible
area. The flute cannula should be placed in a position hovering above the break so that the SRF
can be drained, and at the same time not catching on the retina, being a passive aspiration
instrument.

10. Heavy liquid (HL) (e.g., perfluorodecalin) is used to flatten retina. The advantages of this
are multifold. First, it helps stabilise the retina for better vitreous shave. Second, it can be used
indirectly to ascertain if the retina can be fully flatten, failure of which may suggest proliferative
vitreoretinopathy (PVR), which then guide the surgeon with on the table surgical decision
making. It can also serve as an indirect method to assess if the PVR membrane peel is adequate,
as an inadequate membrane peel may still result in an unflattened retina under HL. Third, in
rare cases, it can also be used as a temporising measure of retinal tamponade in complex VR
cases requiring multiple VR surgery to complete the process.

11. In view of multiple breaks involving many quadrants, 360° very peripheral endolaser (with
segmentation to prophylactically contain any imminent RD) is a sensible approach to reduce
risk of a second operation for redetachment.

12. Then HL is aspirated through fluid–air exchange (FAX) at 40–60 mmHg initially (the higher
the pressure, the faster it will drain). As the HL bubble gets smaller, the infusion pressure (of
air) is reduced (to around 20 mmHg) to facilitate smoother HL bubble removal with the flute.
The reason here is because as the bubble of HL gets smaller, the higher pressure will press on
it and make the bubble flatter, and this will make removal of HL with the flute more chal‐
lenging. The lesser pressure will result in a more spherical bubble of HL for easier removal
with the flute. The usual pressure for air infusion is accepted at 20–30 mmHg, in preparation
for air–gas exchange.

13. For this case, C3F8 14% gas was used for longer lasting tamponade. It is important to bear
in mind the major gases used in VR surgery, including their vital characteristics. The table
below will give some useful gas characteristics:

Characteristics SF6 C2F6 C3F8

Expansion delay 1 day 1.5 days 3 days

Effective tamponade time 7 days 15 days 30 days

Presence of gas 15 days 30 days 60 days

Concentration of
nonexpansile gas

20% 16% 12%

Rate of expansion 3 3.3 4

Table 1. Adapted from www.arcadophta.com/prod-gases_EN.html [9].

14. The intraocular pressure (IOP) should be checked as it is desirable to leave the high with a
reasonable IOP (e.g., 20–25 mmHg).
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15. The three-port sclerostomy sites are closed with 8 ‘O’ vicryl sutures. The first two port
sclerotomies are closed up with the 8 ‘O’ vicryl suture first.

16. The third port (with the infusion line) is used to inject in the C3F8 14% gas. A 27G needle
is used to release the air as C3F8 gas is being injected into the globe. It is important to contin‐
uously assess the IOP of the eye as the gas is being injected, to avoid an over-inflated eye.

17. Here, it is important to check the gas concentration and composition with the scrub nurse.
Furthermore, as the retinal gas used is of a heavy molecule compared to air, it behaves like an
‘invisible liquid’, and as such, when connecting the gas containing syringe to the infusion
cannula (through the three-way tap), it has to be done with the syringe orifice faced up. If the
syringe orifice is tilted downwards as it is connected with the infusion cannula, this may result
in some lost of the gas, making the gas diluted and rendering it less effective for the job it is
intended to do in the globe.

18. Further gas top up intravitreally may be required after closing all three sclerostomy sites.

19. In our opinion, we prefer all three sclerostomy sites to be firmly secured with the sutures
discussed above, to minimise any gas leak, which may make the surgical result less optimum.

20. Subconjunctival cefuroxime is our preferred choice of immediate post-operative antibiotics.

Further learning points:

1. Both C3F8 and silicone oil are shown to reduce rate of PVR.

2. It is important to note that retina must always be left flat after RD repair vitrectomy surgery
in inferior break RD (as inferior detachment is a risk factor for redetachment and PVR), PVR,
giant retinal tears (GRTs), and silicone oil cases.

3. Trocars nearer to 3 and 9 o’clock position will enable the surgeon to can get better access to
6 o’clock position especially in a big eye.

Case 2: Macula-on slowly progressing inferior RD with two small inferior retinal holes in
the absence of PVD

This case was treated with indirect cryotherapy and sclera buckle.

1. Good clinical examination and drawing of the exact RD map utilising retinal vessel land‐
marks is necessary for a successful sclera buckle, which is preferably done under general
anaesthesia (GA).

2. A 270° peritomy was performed, and the medial rectus (MR), lateral rectus (LR), and inferior
rectus (IR) muscles were exposed and slung. The slinging of the recti muscles can be done by
using 4 ‘O’ silk. This is important for the manoeuvring of the globe in various positions to
facilitate the indirect cryotherapy (cryo) and sclera buckling.

3. Although the RD may have been meticulously mapped out at the planning stage of the sclera
buckle, it is always prudent to check for other breaks on the operating table, using the indirect
ophthalmoscopy.
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4. Indentation is then performed to see if the detached retina can be opposed on pressure for
cryoreaction. If this is possible, then there is no need to drain the SRF using external approach.
If this is not possible, then draining of the SRF may be considered. Cryo will inadvertently
soften the eye.

5. It has been reported that retinal pigment epithelium (RPE) can still work in chronic detached
retina.

6. A 5 ‘O’ Ethibond-spatulated needle was used as anchor sutures for the buckle.

7. Buckle 277 is a broad buckle commonly used. It is 7 mm wide. Sutures are placed to anchor
the buckle and are preplaced 9 mm wide allowing for tightening later and securing of the
buckle.

8. It is important to check central retina artery (CRA) perfusion after the buckle has been
secured. If the CRA is pulsating significantly, then paracentesis of the anterior chamber (AC)
should be considered to lower the IOP.

Case 3: Superotemporal macula-off RD with superotemporal (S-T) breaks in the presence
of PVD

1. This case was managed by three-port pars plana vitrecomy; the basic steps and considera‐
tions were discussed as above.

2. One of the aims of vitrectomy here is to release the tension of vitreous traction on the retina
tear, especially the anterior lips of the retinal break. The approach to this is to do vitrectomy
from the periphery moving slowly towards the anterior lips of the break, clearing the vitreous
and thereby releasing the traction, from one end to the other end of the anterior lips of the
break. The vitrector probe (once made inactive) can also be used to access if the break is cleared
of all vitreous traction by touching on the borders of the break. If it is freely mobile without
resistance, this suggests that there is no traction.

3. The vitrector can also be used to drain SRF through the retinal break as the vitrectomy
surgery progresses.

4. After performing step 2, the retina may be flattened at this stage with HL.

5. HL (e.g., perfluorodecalin) can be used to fill up to the posterior aspect of the break to flatten
and splint the retina for easier vitrectomy work near the retina and to achieve a thinner, more
complete shave.

6. A 360° indentation is then performed to check for other breaks.

7. Then cryo of all the breaks are then done under saline (or under air which is the other option).
Some surgeons prefer to use endodiathermy to highlight/mark the area of breaks for conven‐
ient identification for cryo.

8. FAX is then performed, with the backflush being held just above the break to drain the SRF
so that the retina will flatten as the FAX is completed.

9. Removal of heavy liquid using the backflush or vitrector is then performed.
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10. If there is a water tide/mark crease on the macula, this needs to be flattened or ironed out
to avoid metamorphopsia. One option is to reintroduce heavy liquid from one side to the other
to iron the retina flat, if this was discovered after FAX. The second option is for longer acting
gas (e.g., C3F8 14%) and do face down posture for a day.

11. The pitfall here is to be able to distinguish pseudowater tide/mark crease from true crease.
A water tide/mark could be actually the junction between oedematous detached retina, which
had just been reattached and healthy retina (pseudocrease), and not a real crease as such.
Therefore, this sign needs to be assessed carefully to decide if it is a true crease.

12. Gas injection and close up is standard procedure as described in Case 1.

Further learning points:

1. In cases where the RD is not bullous (i.e., shallow), HL may not be required, as macula folds
is less likely, and any residual SRF can be absorbed by the RPE. Face down posture with gas-
filled eye may be beneficial in such cases.

2. It can take 20 minutes for crystalline lens to get cloudy (depending on the degree of cataract
present prior to surgery) with FAX air in vitreous cavity.

3. Longer acting gas means less PVR rate especially in Inferior RD cases.

Case 4: A 5-day history of inferior RD macula-off with a horse shoe tear of moderate size at
7 o’clock position with PVD present

1. This case required vitrectomy (basic steps and considerations as discussed previously).

2. In inferior RD, inferior vitreous needs to be very closely shaved to minimise tangential and
sideway traction, which can lead to future redetachment and PVR.

3. With a horse shoe tear (anterior) flap, it is best to retinectomise the flap to make easier access
of the break during SRF drainage by backflush. Furthermore, it may serve as a more effective
and convenient way to relieve traction (since the flap can be considered as the anterior lip
which is subjected to vitreous traction which caused the tear in the first place).

4. The break on this occasion is quite near the ora serrata. If backflush is blocked, then try to
squeeze on the nozzle to try release any blockages. Reasons for a blocked backflush include
thick vitreous catching on the probe (requiring further shaving) and the probe catching on the
edge of the break when draining the SRF (requiring the probe to be placed higher and aim
central to the break).

5. When draining SRF with backflush during FAX, the probe needs to be very steadily placed
centrally in relation to the break as visualisation of the fundus is poor. If not observed, this
may lead to an ineffective FAX, resulting in persistent SRF with the break still open.

6. Occasionally, it may not be possible to flatten retina due to extensive bullous RD. Then
options include the following:

a. Use long-acting C3F8 14% gas with utilising the steam roller technique of posturing to milk
out the SRF. An example is that if in the left eye, after RD repair, before closing up, there were
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still some SRF temporal to the macula, with a break temporal (2 o’clock position), the steam
roller technique will require the patient to lie on the left cheek to pillow (so that the gas bubble
will be exerting nasally) for half an hour, after which the patient will lie face down for another
half hour (this will move the maximal exertion of the gas bubble from nasal to middle (macula)
area of the retina. Then finally, the patient will lie with right cheek to pillow. This will result
in the gas bubble having maximal exertion in the temporal region. In effect, this entire
manoeuvre will slowly move the bubble maximal exertion point from nasal to middle to
temporal, resulting in the milking effect of the SRF to expel through the temporal side opening).
This effect is akin to a steam roller concept and hence the name of this manoeuvre.

b. Use HL (under air or saline) and redrain the SRF before introducing C3F8 14% gas.

c. Make a retinotomy at the most superior point (highest point) accessible for draining the SRF
and then cryo to the retinotomy site.

These options are not exhaustive and merely highlight the versatility of VR surgery, whereby
decision making on the table is crucial, and is dictated on a case by case basis.

Further learning points:

1. After 1 week of inferior RD usually PVR will start.

2. The prognosis of macula-off RD of less than 1 week will have a better prognosis than after
1 week RD.

3. In general, studies had shown that the major risk factors for increased risk of retinal
redetachment include inferior break RD and PVR. Therefore, the decision on the appropriate
approach to manage inferior RD needs to take into consideration multiple factors, as the
surgeon and patient will have to live with the decision made. The factors taken into consid‐
eration will depend on the visual potential, macula-on or macula-off RD, presence or absence
of PVR, and position of RD. If, for example, the case is an inferior RD with break at 6 o’clock
position, with macula-off and PVR that could not be flatten with HL despite removal of some
PVR membranes, then we can consider retinectomy, peripheral endolaser, and silicone oil and
cryo at each end of the retinectomy site. For the retinectomy to work, this should be performed
for 180° with retinectomy relieving incisions at each end. The relieving incisions at each end
will reduce the risk of further PVR progression as it limits the expansion of PVR membranes.
If there is more visual potential with macula-on inferior RD, then we will consider cryo, gas,
and buckle. The buckle here will serve as an enhanced indentation site against which the retinal
break can be firmly opposed while allowing for the cryoreaction to take place in 5–7 days. In
fresh inferior breaks, buckle may not be necessary. The reason to avoid silicone oil in an inferior
RD with good visual potential is that it can actually cause issues like IOP and macula toxicity
leading to reduced vision.

4. If there are multiple inferior breaks RD, depending on severity, there are several manage‐
ment options, although the list below is not exhaustive and aim at stimulating the decision-
making process of the new VR surgeons.

5. Possible options depending on severity are as follows (increasing severity of inferior RD):

Minimally Invasive Sutureless Day Case Vitrectomy Surgery for…
http://dx.doi.org/10.5772/62081

147



a. Vitrectomy, cryo gas

b. Vitrectomy, cryo, gas, buckle (e.g., 277 buckle), e.g., two breaks and difficulty trimming the
vitreous gel at the edge of the breaks.

c. Vitrectomy, cryo, oil—e.g., PVR grades B/C

d. Vitrectomy, cryo, oil, and buckle—e.g., macula reasonable prognosis

e. Vitrectomy, cryo/retinectomy and oil—e.g., PVR grades B/C with peeling of star membrane.
This is appropriate for cases of poor prognosis of visual acuity less than 6/36 Snellen.

Note: SRF drainage through an accessible break can be with or without heavy liquid, in saline
or in air.

Case 5: A patient with PVD positive and an almost total RD with inferior breaks ×2

No PVR was found.

After the basic vitrectomy, the technique used here is by filling HL up to the two inferior breaks
(which is very periphery) to fill the entire vitreous cavity, thus pushing most of the SRF away.
Now the retina will be flat, and the breaks can then be treated with cryo or laser retinopexy.
Then FAX is switched on. This means that at this point, the vitreous cavity has three interface
systems, namely, air, fluid, and HL. During the FAX, the backflush or aspirating vitrector is
placed at the fluid level (which is in between the air and the HL layer), to drain all the fluid
making it a two interface system (Air and HL). Then the infusion cannula is removed from the
trocar to drain out infusion fluid and HL, which may be contained in the infusion line through
the FAX mode. If this step is not done, there is a theoretical risk that some fluid and HL may
be present, and continuing with the FAX may result in some fluid and/or HL being reinserted
into the vitreous cavity. This in turn may get through the retinal break causing an SRF
accumulation, which is not ideal. Then the infusion cannula is reinserted into the trocar. Next,
with FAX mode, HL–air exchange is done. As there is no fluid on top of the heavy liquid, it
was not mandatory to put backflush near the break to drain. After FAX, air–gas exchange is
performed, prior to closing up.

Case 6: A young man with traumatic macula hole and chronic macula-off almost total RD

It is postulated that PVR was not present despite chronicity due to non-PVD and the firm
vitreous is keeping pigments away.

After the standard vitrectomy, the following steps were taken:

1. Inducing PVD in a young patient can be challenging. One method is to activate continuous
suction with circular motion outwardly for two rounds before lifting up the vitreous body.
The light pipe can be used to shine on the shadow of the vitreous body to confirm PVD
induction. This method can be repeated until PVD obtained. Membrane blue and triamcino‐
lone can be used to highlight vitreous body. Central PVD in this case does not necessarily mean
peripheral PVD in the young, which need to be carefully induced, to avoid retina capture on
vitrector orifice, which should be pointed 180° away from the retina surface.
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2. Internal limiting membrane (ILM) in traumatic cases and in the young can be VERY
challenging as it is very sticky and difficult to peel. For macula work, the surgeon must ensure
appropriate readjustment of depth perception for the higher magnified macula lens, to avoid
retinal touch.

To peel in this case, the force of the forceps should be concentrated sideways along the surface
of the retina before lifting up to ensure a significant amount of membrane can be peeled off at
any one time, which can be another challenge in view of the mobile retina.

3. If macula hole is too small, consider superior accessible retinotomy site (above the equator)
for drainage of SRF.

4. Since this case had no PVR, and the retina can be flattened, long-acting gas (C3F8 14% is
used prior to closing up.

Case 7: Inferior RD with early PVR, and with a history of previous RD repair surgery and
removal of silicone oil procedure

1. In this case, the approach is inferior retinectomy 180° with relaxing retinectomy. The role of
radial relaxing retinectomy (which can be made in several locations as the condition dictates)
is to help flatten PVR retina and reduce risk of future PVR formation.

2. After retinectomy, heavy liquid can be used to flatten retina before application of peripheral
laser retinopexy. Then FAX followed by silicone oil insertion. When silicone oil is filled, there
may be some residual fluid trapped between the silicone oil and the iris lens diaphragm. This
can be aspirated with backflush after removal of the infusion line, which may contain more
fluid/heavy liquid. If the infusion line is not removed prior to aspiration of residual fluid, this
may result in reintroduction of residual fluid into the vitreous cavity when the infusion line is
finally removed.

Further learning points:

1. Retinectomy can cause haemorrhage if retinal or choroid vessels are involved. As the choroid
is the most vascularised tissue in the body, the haemorrhage with the involvement of choroidal
vessels can be very significant.

2. When performing retinectomy with the vitrector, it is prudent to ensure that the cutter is
held just on the layer of the retina being retinectomised as any deeper will invariably shear the
choroidal vessels leading to significant haemorrhage. Bottle height can go up to 80 mmHg to
tamponade the haemorrhage, if this was to happen.

3. A small strand of retina connecting the anterior and posterior aspect of the retinectomy site
left behind in retinectomy for PVR can cause further PVR and retinal detachment. As such,
there is a need to make sure that all retina in the path of retinectomy be completely removed.

Case 8: Proliferative diabetic retinopathy (PDR) with vitreous haemorrhage with previous
pan-retinal photocoagulation (PRP)

1. PVD induction in such cases can be very challenging. The following approach can be used
based on the level of difficulty in inducing PVD (in ascending order of difficulty) as follows:
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-Persistent and repeated circular motion in aspiration using the vitrector (with cutter mode
off) around the vitreous body near to the optic disc is performed. Always aim the vitrector
away from the macula and work around the disc. Disc area-induced PVD is considered
complete PVD. For this reason, the need to ascertain anatomy of macula and disc is of
paramount importance and can be challenging with suboptimal view in vitreous haemorrhage
cases. Working away from macula sweeping around the disc with the vitrector, pulling
towards the midperipheral retina before lifting the hyaloid face, is one suggested approach. It
has to be noted that these steps need to be repeated until a full PVD is achieved, failure of
which may result in further fibrosis with possible tractional RD (TRD) and recurrent vitreous
haemorrhage.

-The vitrector aspiration rate can be increased further in more adherent hyaloids face cases.

-In cases where hyaloids face is not readily visible, membrane blue can be considered, as this
will stain the hyaloids face enough for visualisation, to ensure complete separation from the
retina both centrally and in the midperiphery.

-The use of triamcinolone is another alternative to membrane blue for visualisation of the
hyaloids face.

-Physical manual separation of posterior vitreous face with MVR (micro vitreoretinal) blade,
ILM forceps, scissors (20G) which can be right angle or curved.

The listed approaches above can be used repeatedly and in combination in very difficult cases
until PVD is achieved.

If vitreous gel is left behind in the posterior pole/macula region, then rhegmatogenous RD and/
or TRD will eventually ensue.

2. Organised haemorrhage near the retina can technically be removed using backflush, again
pulling away from the macula. If one end of the organised haemorrhage is not budging, then
the surgeon can try removing the complex from another end.

3. Haemorrhage can be tamponade by increasing bottle height or increasing infusion pressure.
If source of bleeding can be found, the surgeon can consider endocautery.

4. Macula lens can be used to increase magnification for close work around the macula or in
difficult to induced PVD.

Further points to consider:

1. Do not pull to induce PVD at the retinal blood vessels arcades.

2. If peripheral shave is done but PVD is not yet induced at the posterior pole, this will lead to
rhegmatogenous RD if left alone. If PVD is induced at this stage (after peripheral vitreous
shave is done), it will spring up to the ora serrata, and the whole process of peripheral shave
needs to be started again. Therefore, it is crucial to induce PVD in such cases at the posterior
pole for a subsequent complete core and peripheral vitrectomy in a time efficient manner.

3. Ala-Sil (Altomed) can be used in place of balanced salt solution (BSS) in vitrectomy/
delamination cases, which have significant active vitreous haemorrhage, as this infusion
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2. Organised haemorrhage near the retina can technically be removed using backflush, again
pulling away from the macula. If one end of the organised haemorrhage is not budging, then
the surgeon can try removing the complex from another end.

3. Haemorrhage can be tamponade by increasing bottle height or increasing infusion pressure.
If source of bleeding can be found, the surgeon can consider endocautery.

4. Macula lens can be used to increase magnification for close work around the macula or in
difficult to induced PVD.

Further points to consider:

1. Do not pull to induce PVD at the retinal blood vessels arcades.

2. If peripheral shave is done but PVD is not yet induced at the posterior pole, this will lead to
rhegmatogenous RD if left alone. If PVD is induced at this stage (after peripheral vitreous
shave is done), it will spring up to the ora serrata, and the whole process of peripheral shave
needs to be started again. Therefore, it is crucial to induce PVD in such cases at the posterior
pole for a subsequent complete core and peripheral vitrectomy in a time efficient manner.

3. Ala-Sil (Altomed) can be used in place of balanced salt solution (BSS) in vitrectomy/
delamination cases, which have significant active vitreous haemorrhage, as this infusion
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material will not mix with blood and let the blood stay in a loculated place as the surgeon
continues with vitrectomy work without making the view hazy from the haemorrhage.

4. Bucket-handle technique: In cases where parts of the posterior pole are affected by TRD,
core vitrectomy should be followed by relieving traction at the TRD site (with delamination
as required) and then followed by the PVD induction in the posterior pole. If core vitrectomy
and peripheral vitrectomy shave are performed without posterior pole PVD, this may result
in fibrovascular TRD flattening, as the anteroposterior tractional force had been relieved from
the core and peripheral shave vitrectomy. This will lead to insufficient vitreous body left for
engaging with the vitrector to continue with the process of vitrectomy/delamination work.
Furthermore, it will be more difficult to perform delamination of the fibrovascular attachments
in a flattened TRD complex. This principle is known as the bucket-handle technique as the
‘handle’ represents the fibrovascular traction bands.

Case 9: Temporal GRT with PVD positive and macula-off

Learning points:

-GRT is defined at a peripheral retinal break of 3 or more clock hours.

-Such cases require good peripheral shave and relieving traction, just as any case of rhegma‐
togenous RD.

-HL is used to flatten the retina, followed by endolaser of the GRT. For places hard to reach at
either end of the GRT, cryo can be used to join the endolaser to the ora serrata.

-GRT is a recognised risk of the development of PVR, and hence silicone oil should be
considered, even in macula-on cases.

For this particular case, when FAX was done to remove heavy liquid, the retina ballooned out,
and retina slippage occurred. In this case, FAX was stopped, and heavy liquid was reintro‐
duced. This flattened the retina. Backflush was used to aspirate the remaining SRF, the position
of the backflush being as near to the posterior lip (near where the endolaser marks were). This
action can also facilitate the retina to reposition from the slippage position to its original
position but should not be done forcefully.

Variation of techniques to inject silicone oil: One option is for heavy liquid–air–oil exchange
(with hand 1 holding the light pipe and hand 2 holding the backflush). This technique can pose
a higher risk of retinal slippage. Another option is using chandelier light in the fourth (30G)
port, with hand 1 holding the backflush and hand 2 holding the silicon oil infusion cannula
and the three-way tap on the main infusion line connected to one of the three trocars is switched
off at the same time.

One method of minimising catching on the retinal edge of break while aspirating using
backflush is to close the aspirating hole of the backflush until it is aligned out of the way of the
retina break edges, before reopening to aspirate further.

Therefore, it is important to pay close attention to the retina position in such cases to observe
for any retina slippage during FAX. With experience, one can tell the difference between
oedematous retina and crinkling of retina.
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Furthermore, in such cases, it is prudent to consider a direct silicone oil–heavy liquid direct
exchange. Since the normal infusion tube (which connects from the three-way tap to the trocar)
is not strong enough to withstand the pressure from the silicone oil injector (which can be as
high as 30lbs/sq inch, equivalent to 1500 mmHg), a special silicone oil tubing is used to
substitute the original infusion tube. This will allow for both hands of the surgeon to work on
the retina.

NB: Decision making during surgery is crucial and one has to think of few steps ahead.

Case 10: Total RD with PVD positive in a phakic patient

In this case, it was a chronic RD. However, only two small peripheral holes were seen, one at
1 o’clock and another at 8 o’clock. The detached retina was still mobile. Since the holes were
small, it was postulated that the pigment cells would be difficult to make their way to the
vitreous cavity, which explained why there were no PVR.

-In the presence of PVD, when doing vitrectomy, in view of the mobile retina, we can consider
HL to splint the retina for a more stable vitrectomy shave.

-Small holes are difficult to visualise, so such breaks are preferably cryoed in saline. The other
alternative is to endocautery mark the breaks and cryo under air.

-In phakic eyes, decision sometimes need to be made, when the lens get cloudy. In this case,
options are (1) to perform cataract surgery and lens implant and continue with the retinal work
with a better fundal view and (2) consider after cryo/laser to the area/s of break/s, to fill in with
silicone oil. The rationale behind this is that under silicone oil, small breaks that may have been
missed may remain stable. If the cataract developed further over the course of several months,
then the surgeon can perform combined cataract extraction and lens implant (phaco+IOL) and
removal of silicone oil (ROSO) and at that stage reexamine the retina and treat any breaks
found.

Case 11: Right macula-off temporal bullous RD with multiple small peripheral breaks

In bullous RD cases, the aim is as follows:

-Core and peripheral vitrectomy

-Vitrectomising near the major breaks (while being cautious about vacuum (low) and cut rate
(high)) in order to remove any traction and allowing SRF to come through in order to flatten
the retina thereby stabilising and controlling the retinal position. Care must be taken to avoid
iatrogenic retinal breaks.

-PVD is then induced (if PVD not present).

-The surgeon will aim to achieve as thin a peripheral shave as possible.

-While doing vitrectomy in such cases, one can expect bullous retina coming and going
depending on the position of the eye and vitrector. This is due to the dynamic fluid movement
depending on the position of the vitrector. One can consider using HL to stabilise the retina
in such cases.
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-The small breaks can be cryoed (or lasered) under saline or air (surgeon dependent)

-Then FAX is started, with drainage through the main small break being performed using the
vitrector initially and revert to backflush, for a more refined and controlled aspiration of the
residual fluid in the vitreous cavity. Once the fluid level during the FAX dropped below the
retina break being drained, the backflush can then be moved to the area just above the optic
disc to complete the FAX.

-If one should refill the vitreous cavity with BSS after FAX especially in the myopic eye (for
any technical reasons, e.g., retinal folds near macula), one must be aware not to put too much
vacuum on the vitrector initially, as there will be a lag of air in the infusion line before BSS
comes through, creating vacuum to cause ‘kissing retina’. During the beginning of this process,
instruments need to be held high up in the vitreous cavity, as the sudden ‘kissing retina’ effect
may damage the retina, on sudden forceful contact with the instruments if those were at the
base of the posterior pole.

-Should FAX result in reformation of bullous retina, then this may suggest that fluid has
reentered the break, possibly from suboptimal drainage technique, or original break is too
small to effectively drain through or a loculated SRF collection, and the options for further
procedure are as follows:

a. Refill vitreous cavity with BSS and perform an accessible retinotomy, and perform FAX and
drained through the new retinotomy site. Then contiguous cryo on the multiple small breaks
under air performed (may consider diathermy to mark, or draw map of breaks) (applicable to
loculated SRF collection and/or treated small breaks, pertaining to this case).

b. HL to flatten retina and 360° laser retinopexy. (This can be an option in situation with RD
but no breaks found.)

Further learning points to consider:

There are many cryotherapy machines for VR work. Occasionally, the cryo probe is not
responsive. Therefore, the surgeon needs to be aware of basic troubleshooting. This includes
the following: (a) check to see if the probe itself is working by testing first, (b) check for leaking
probe, and (c) check to see if the cylinder is empty.

Case 12: Inferior break developing during ROSO requiring cryo and refill with silicone oil

The decision on how to proceed in such case depends upon the presence or absence of PVR
and the assessment of individual patient’s circumstances, e.g., requiring more ops, etc. Possible
options include the following:

-Cryo and/or laser and long-acting gas with positioning in the absence of PVR.

-Cryo and/or laser and refill with silicone oil if no PVR.

-Laser and retinectomy with silicone oil if PVR.

-May require PVR membrane removal.
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Case 13: Inferior macula-off RD with previous RD repair vitrectomy surgery over 5 years
ago

Learning points:

-Retinal break can still be adjacent to the cryoed area.

-Main reason of RD in this case is due to inadequate vitreous shave during the first RD repair.
Thick base of vitreous left behind from the initial surgery can still have the potential to undergo
peripheral PVD leading to new retinal breaks.

-Redo in this case involved a much thinner shave especially at the area of break.

-In this case, the break was impossible to find on cursory indentation. The subretinal ILM blue
chimney smoke method was used after heavy liquid insertion, to avoid ILM blue to go under
the macula. The ILM blue dye was injected with a 40G needle in the subretinal layer of the RD.
Then gentle indentation and milking to look for the leaking dye, which shall be the area of
small break where it leaked dye. Subretinal dye should ideally drained out once it served its
purpose, and in this case, retinotomy was done before draining out the dye, since 40G hole is
too small to effectively drain the dye, after the identification and treatment of the break.

-Since there were no PVR, long-acting gas and posturing face down for 3 days was the decision
made in this case.

-With PVR, the surgeon may be required to perform a 180° retinectomy and relieving retinot‐
omy and enolaser and silicone oil.

Case 14: Inferior RD with macula involvement, but multiple holes in all quadrants in a 38-
year-old man

-PVD induction can be tricky in the younger patients who had not naturally developed PVD.
In detached retina, PVD induction is done by pulling vitreous body towards area of detach‐
ment to the periphery before pulling up. If PVD induction is only concentrated on the centre,
this will only achieve partial PVD and, hence, the motion of going from central to peripheral
before pulling up the vitreous body to induce a complete PVD.

-Multiple breaks will require 360° laser retinopexy. Since no PVR in this case, long-acting gas
was used (instead of silicone oil).

-During FAX to remove heavy liquid and fluid, the surgeon must also go near the break to
drain SRF as well, to aim to achieve a flat retina. In this case, there was a sequestered SRF
pocket near the macula. Retinotomy was done to drain the SRF to achieve a flat retina. The
retinotomy site in this case was not near the periphery, and hence laser retinopexy (and not
cryo—since the cryo probe could not reach the retinotomy site due to its location) was used.

Case 15: Redo inferior retinal detachment in a 40-year-old man

In this case, the issue was that of an inadequately treated (cryo) break. This break was cryoed,
and since there was no PVR, long-acting gas was put in place. The learning point here is to
ensure that adequate cryo is applied to the break in the primary surgery through meticulous
observation.
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Case 16: Redo inferior RD in a 70-year-old lady

In this case, there were signs of PVR grade B. There were no collagenous membranes to peel.

Even in Grade B PVR, there can be radial shortening of the retina, in that after retinectomy was
done, the shortening can be very significant. In this case, the retina contracted centrally with
its new retinectomised border settled near to the major retinal vessel arcades.

In this case, silicone oil was used, after air/heavy liquid exchange. The silicone oil was injected
separately from hand 2 with hand 1 holding the light pipe (this procedure was previously
discussed above).

Case 17: Diabetic retinopathy fibrovascular traction requiring delamination

Bucket-handle technique utilised here. This means no full vitrectomy in this case, with only
enough vitrectomy to get at the posterior hyaloid face (PHF), as full vitrectomy will release
traction and hence flatten the traction area, making it difficult to release and remove more
membranes.

The approach to delamination can be performed by using the 20G curve scissors (although a
curved 23G scissors can also be used) and go underneath the PHF and with the scissors opened,
lift up the PHF and cut, so as to minimise the chances of cutting the retina creating a tear. This
will create a surgical plane for lifting the membrane complex en bloc. When the scissors are
closed, they can be used as a pick to tease up the PHF.

Sometimes despite the best efforts, retina break/hole cannot be avoided. Usually, this happens
in the areas just near the arcades and sometimes near the temporal macula region. This is best
treated with laser retinopexy. The closer it is to the macula, the lighter the laser should be
applied. In the unlikely anatomy position of papillomacular bundle tear/break, this is best left
alone. In any case, expansile gas is used and face down posture adopted for 1–2 days.

The objective in TRD is to relieve the traction at the strongest adhesion point/s via delamina‐
tion. Thereafter, once complete PVD is induced, then we can continue straight to complete the
vitrectomy.

Pirouetting and moving the fundal view in opposite directions of vector of rotating the eye
will increase periphery view. Cutting as close to the edge of view is recommended for a thin
vitreous shave. In areas of vitreous base haemorrhage which cannot be removed, in the area
of entry site, one can consider external cryo behind the site to reduce risk of entry site break.

Case 18: Superonasal bullous macula-off retinal detachment with PVD positive

Heavy liquid is key is the splinting of such cases.

Extra macula fold can still occur after FAX if the heavy liquid is not filled up to the level of just
below the posterior border of the retinal break.

Technically, as long as the three interface (air, fluid, and HL) can be changed to two interface
(air and HL), and no fluid getting into the break, then we should be able to avoid retinal slip
and /or retinal folds (which is caused by residual fluid in the vitreous cavity.
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Retinal folds post operatively usually does not cause much visual symptoms to patients unless
it is a macula fold. To reoperate, one can use a 40G needle to inject BSS subretinal to create a
bullous RD to extend into the macula area where the fold is. Then use HL to flatten out the
retina, ironing out the macula fold at the same time. Retinotomy may be required in the
periphery to drain out the SRF and finishing off with gas fill and to close up.

Case 19: Inferior retinal detachment with an inferior moderate size break, who opted to wait
over the weekend prior to surgery, resulting in early membrane PVR, but macula-on

This case is rare as usually PVR cases are associated with macula-off (which means different
approach to management).

Learning points:

It has been documented that certain genetics, e.g., HLA DR4 can be associated with propensity
for PVR development.

In this case, even a wait of 4–5 days (as opposed to 2 days) can already result in PVR membrane
formation.

In such cases while operating, one must actively look out for early PVR and assess mobility of
the detached retina. Early PVR can be stiff, although it may retain limited mobility. The other
feature to look out for is retinal folds that will not change shape within a relatively mobile
retinal detachment. The approach to such case is to use an MVR blade (25G to enter 23G trocar)
splice the membrane to unfold the retina. Another method of assessing stiffness in equivocal
case is to use HL to see if this can completely flatten the retina.

The management decision for this case is as follows:

a. Inferior PVR macula-on: try to release adhesions of retinal folds by splicing PVR membranes
to unfold retina. If SRF drainage can flatten the detached retina, long-acting gas and face down
posture can be utilised. If retina is not properly flattened, a buckle can be added to increase
success (added indentation to counter the shortened retina).

b. If this case redetached, we may then consider laser retinopexy and buckle, after getting rid
of more membranes. Silicone oil should not be used in primary RD repair case in this situation
due to macula toxicity (as the case is macula-on). The buckle acts to shorten the anterior
vitreous base to reduce traction, and also act as a good addition to tamponade.

c. If after the above approach (a and b) but the retina redetached, we may then consider
retinectomy and silicone oil (last resort).

d. However, if the macula was off (pertaining to this case), we may consider silicone oil in the
first instance.

The above approaches are dependent on the state of the eye as discussed above. It serves as a
prelude to the reader to utilise lateral thinking in the decision making in VR surgery.
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Case 20: Inferior retinal detachment with two inferior breaks at 6 o’clock and PVR grade B,
in a background of pseudoxanthoma elasticum (PXE), who had cataract surgery about 3
months ago

This was treated with vitrectomy, cryo, 360° laser retinopexy, and inferior buckle.

-PXE can be a predisposing factor for retinal breaks due to weaker connective tissue. In this
case, there were a few superior breaks but without RD.

-It is important to recognise the PVR at an early stage, which can manifest as crinkling of the
retina (blood vessels crinkling can be a good clue of early PVR). PVR can be anterior or posterior
or both. In the prevalence of PVR types, posterior is more common than anterior. Anterior PVR
traction forces are A-P, circumferential and anterior perpendicular traction, where posterior
PVR can take more random vectors. The objective in nonsheath PVR is to release any traction
and to flatten as much the retina as possible, by cutting adhesions using MVR blade. Heavy
liquid can be used to stabilise the retina and at the same time test the retina to see if it flattens
—if not flattened, this suggests PVR adhesions still strong and require further adhesion relief.

The European VR Society RD Study (report 2) suggested that in cases of PVR requiring
vitrectomy, a supplemental buckle may not be useful. http://www.aaojournal.org/article/
S0161-6420(13)00102-4/pdf

http://www.eyecalcs.com/DWAN/pages/v6/v6c058.html

-In this case, inferior buckle is also used. This serves two purposes, one being to reduce the
circumference and area of the PVR region in the hope of stabilising the flattened retina in that
area. The second reason is to give additional tamponade to ensure closure of the breaks is
permanent. While doing buckling, the IOP should not be high. One can consider filling the eye
with heavy liquid to a high point in the eye to ensure globe maintenance during buckling. This
means the infusion cannula can be temporarily disengaged, to make enough room for the
buckling. Once buckling is done (using 277 broad band buckle), 360° laser retinopexy (in view
of multiple breaks in all quadrants) and cryo are utilised.

-NB: Cryo machine should be set up prior to it being required. This is to ensure that cryo is
not only set up once it is needed, as the warming up of machine and self-calibration takes time,
and can mean that when one uses the probe to indent with the view to cryo breaks found, the
cryo can go ‘on’ as part of the calibration process, thereby throwing the probe into uncontrolled
freezing in undesired area. In this case, one option is to disconnect the probe from the machine
or to cut with scissors the infusion line of the probe.

Case 21: A 67-year-old man with epiretinal membrane (ERM)

He is pseudophakic with anterior capsular phimosis.

In this case, ERM peel using diamond duster scrapper could not induce a flap, as this ERM
happened to be a double membrane and firmly attached (like chewing gum) whereby the
diamond dusted scrapper will only make the tissue bunched up without inducing a flap. In
this case, using an MVR blade to scrape away from the surgeon (so as to have a view of tissue
control at all times) to induce a flap. Sometimes, inevitably partial thickness retina layer maybe
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peeled of as the flap is induced. This should not cause much visual symptoms postoperative
anecdotally. If the flap is friable and not able to be extended, then attempt to create another
flap adjacent to it, so that the second flap can join the first flap to create a bigger flap before
peeling. In this case, restaining with dual blue multiple times for better visualisation is helpful.
Staining and restaining especially in double ERM layers will make each layer more discernable.

Usually, after initial staining, always look out for natural creases of the ERM which maybe
prominent on primary staining. These creases can be used to create flaps and start the peel. It
is better to peel off the ILM as well, if possible, to reduce the risk of ERM recurring (as ILM is
the scaffold upon which the ERM proliferates).

The ERM membrane pegging to the retinal surface can be unpredictably anywhere (not neatly
arranged) and peeling ERM will depend on the feel of least resistance. ILM peel on behaves
more like an anterior capsulorrhexis during cataract phacoemulsification.

Case 22: A GRT repaired with cryo and 360° laser retinopexy and silicone-filled eye over 7
months, who had an ROSO, and during the procedure, inferior RD was noted

In this case, it should be treated like an RD. The inferior RD SRF was extensive, with the break
appeared to be on the previous laser retinopexy site. FAX used to drain the SRF ended up with
an inferior collection of SRF (with closure of the break). Hence, a retinotomy was performed
under air. Retinotomy under air is more challenging, requiring aspiration to engage the retina
before cutting to make the retinotomy. By using a backflush, SRF drainage was attempted but
only able to achieve partial drainage. At this point, silicone oil was refilled. Despite silicone
oil refilled, the SRF was still present. At this point, the idea was to use heavy liquid under the
oil. A small proportion of oil was removed using the backflush, with the infusion line attached
to one of the trocars. The HL was injected under the oil which flattened the retina. Then laser
retinopexy was performed. The next step will be to remove the HL as top up silicone oil was
injected. An independent silicon oil cannula was connected directly into the trocar, replacing
the original infusion cannula, so that the surgeon is able to use the foot pedal to control the oil
injection, while one hand holding the light pipe and the other holding the backflush to drain
the HL. This is one unusual scenario when direct oil-HL exchange was performed.

Case 23: A total RD with Grade B PVR, with the nasal and superior part of RD not able to
be flattened by HL

The approach in this case is as follows:

-Wide angle viewing system

-High-speed cutter

-Encirclage (for grade C PVR and above) to shortened the retina

-PFCL heavy liquid to try flatten the retina

-Membrane peel

-Retinectomy and laser/cryo (please note that this is best done with inferior 180°), and it is
unusual to do retinectomy as a primary RD procedure
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-Tamponade

NB: In cases of PVR where close vitreous shave is required, one can consider the ‘proportional
reflux dissection’ on a 25+ G cutter. This cutter can be a multifunction effect depending on the
adjustment of certain parameters. With this, the sphere of influence is smaller and less likely
to cause iatrogenic break, in PVR membrane peeling.

In this case, after membrane peel, a nasal retinectomy in an attempt to flatten the retina was
attempted. However, there is extensive haemorrhage despite diathermy before retinectomy.
In view of the poor view, surgery stopped and eye filled up to max, to revisit (as a two-stage
procedure) in 24–48 hours (any longer will cause IOP increased and inflammation ++). This
approach flattened the retina and settled the haemorrhage, for the surgery to be completed.

Case 24: Vitreomacular traction (VMT) with visual distortion

Vitreous can be very sticky in such cases, and even though there is a Weiss ring, vitreous can
still be firmly attached to macula. The approach in inducing PVD in this situation is to pull
vitreous around the macula and never work on the fovea directly.

Membrane blue or triamcinolone can be used to confirm that vitreous is removed.

Paediatrics VR consideration:

-In paediatrics VR cases, the vitrectomy is just core vitrectomy as inducing a PVD would be
disastrous to the very young retina.

Even in cases of retinopathy of prematurity (ROP), releasing traction is the main aim and not
to remove majority of the vitreous.

The trocar approach to paediatric VR up to 15 years old is 2.5–3 mm behind limbus.

Case 25: Previous inferior retinectomy and silicone oil and ROSO presented with a rede‐
tachment

Inferotemporal area of retinectomy is found to have PVR lifting that area creating a break for
RD to develop (macula-off almost total RD).

-Heavy liquid (HL) sequestered superiorly SRF, which means no breaks in the sequestered
area.

Recognising straight (and unusual retinal detachment patterns) is important. This is caused
by PVR. The source of traction/pulling effect needed to be worked out and then released, so
that it will resume normal break contour, after which, laser retinopexy can be considered
(either under HL or oil). In this case, it was decided to do under oil. The localised haemorrhage
happened as a result of removing the fibrous adhesions.

Case 26: RD repaired (temporal) with silicone oil

ROSO was then performed and 5 months later developed this patient developed macula-off
RD and PVD.

Learning points:
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Retinectomy joining temporal breaks can be done in the superior peripheral arches 180°.

Case 27: Diabetic TRD

If sheets of hyaloid in posterior pole are left behind, this will invariably worsen the TRD leading
to blindness and phthisical eye. Therefore, it is imperative to remove all the hyaloids sheets
especially within the arcade of the macula. If outside the macula arcade, small islands can be
left behind if too adherent to remove, as small islands do not have the tendency to contract to
cause TRD (as it is not connected or networked with other islands of posterior pole hyaloids).

When delaminating, there is a need to quickly establish a surgical plane separating hyaloids
from the fibrovascular tissue. Iatrogenic breaks can be laser pexied and drained to flat if
possible (under heavy liquid)—in such cases, silicone oil needs to be considered. There may
be a need to try different direction of peel for a good hyaloids peel.

4. Conclusion

This chapter describes the basic skills and pitfalls to avoid in VR surgery, which we hope will
be especially useful to the novice and intermediate-level VR surgeons. The advanced VR
surgeons may also find this chapter useful with some innovative surgical approach.

The above cases would have represented most of the VR case mix that the average VR surgeon
will encounter in their daily practice. We hope that after reading this chapter, this will serve
as a platform for further reading and practice, to improve the standards of VR surgery and
enhancing patient safety and surgical outcomes of the readers.
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Abstract

Determining the cause of intraocular inflammation has important implications both
for the treatment and prognosis of uveitic diseases. This chapter describes ocular di‐
agnostic procedures and their indications while mainly focusing on diagnostic vi‐
trectomy. The chapter discusses the history of elective diagnostic procedures; main
indications for invasive procedures in the diagnosis of uveitic disease; surgical prin‐
ciples and techniques for each of the diagnostic procedures; descriptions of the vari‐
ous laboratory techniques being used; and selected examples of conditions that may
require the use of such techniques.

Keywords: Uveitis, diagnostic vitrectomy, tap

1. Introduction

The term uveitis refers to a large and varied group of disease entities, each with its own set of
manifestations. While some may fit textbook characteristics, others may present in a way that
baffles us as clinicians and leaves us with a wide differential diagnosis. Determining the cause
of intraocular inflammation has important implications both for treatment and for prognosis
of the disease. That is where the field of invasive diagnostic procedures comes into place.
Through the use of different laboratory techniques, this diagnostic modality adds to the battery
of other methods available to the clinician in order to reach the final diagnosis and provide
proper management.

This chapter covers ocular diagnostic procedures, while focusing mainly on diagnostic
vitrectomy.

© 2016 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



2. History

The earliest attempts at elective pars plana vitreous surgery were directed toward cutting
opaque vitreous. While still not used for the diagnosis of the etiology, papers as early as the
19th century report on the procedure in the context of ocular inflammation. Bull reported in
1890 on 17 cases in which a pars plana approach (first introduced by Von Graefe in 1863)
involving a discission needle introduced through the pars plana was used to cut vitreous
membranes resulting from inflammation or hemorrhage. [1]

The 1970s were a period of major advancement in the field of pars plana vitrectomy (PPV),
with the introduction of advanced instrumentation, such as the vitreous-infusion-suction-
cutter (VISC). Indications for diagnostic procedures and the diagnostic methods themselves
were limited at that time. In a review paper from 1974, Michels et al. [1] described vitreous
biopsy as a procedure that is rarely needed, with the most frequent indications being mycotic
endophthalmitis and reticulum cell sarcoma. The diagnostic methods that were mentioned
included only cytology and culture. Vitrectomy for endophthalmitis was also mentioned in
this paper, and showed that performing the procedure for this entity was a novelty.

One of the first papers to describe diagnostic vitrectomy was published by Engel et al in 1981.
[2] Findings resulting from early procedures in that era included ocular tumors such as
reticulum cell sarcoma and leukemic infiltration, as well as infectious entities such as fungal
endophthalmitis and acute retinal necrosis (ARN). The methods described there included
cytology, histopathology, and ultrastructural studies, with “new” methods such as using a
millipore filter and celloidin-bag cell-block techniques.

Since these early days, the field of diagnostic procedures has advanced rapidly. Methods
including polymerase chain reaction (PCR), flow cytometry, and other advanced methods
introduced in the general field of medicine have been adopted by ophthalmologists for use in
ocular diagnostic procedures. With the introduction of these methods, the list of etiologies that
can be recognized by invasive diagnostic techniques has also expanded, as will be described
here.

3. Indications

Accurate diagnosis of the etiology behind intraocular inflammation is essential in order to
provide the proper treatment and management and for prognostic reasons. While the general
approach to uveitis patients includes history taking, review of systems, examination, and
ancillary tests, at times none of these result in a conclusive diagnosis. In these atypical cases a
diagnostic vitrectomy may lead to the correct diagnosis. An example for such an indication is
primary intraocular lymphoma (PIOL), which requires a definitive tissue diagnosis to
diagnose and commence treatment.[3]
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Another indication for this procedure is failure of conventional therapy. While this might result
from an intractable disease, it may also be the result of a misdiagnosis, requiring an invasive
approach to reach the correct diagnosis.

A third indication is a sight-threatening disease, where the disease rapidity necessitates an
invasive approach for diagnosis, and at times also for treatment. Examples for infectious
entities that correspond to this description include infectious endophthalmitis [4] and ARN. [5]

4. Surgical principles and techniques

Prior to the procedures described henceforth, an informed consent should be obtained from
the patient after discussing the potential for complications. Since modern diagnostic techni‐
ques may require special preparation (e.g. special stains or cultures) the laboratory or pathol‐
ogist should be notified of the procedure and upcoming samples, and any requirements
regarding the handling of the sample prior to delivery should be noted.

4.1. Anterior chamber tap

Unlike diagnostic vitrectomy, an anterior chamber tap may be done in an office setting and is
less invasive. It is important to note that this procedure yields a smaller amount of fluid for
analysis in comparison with diagnostic vitrectomy, and as such may be considered in cases in
which a small sample may suffice for diagnosis.

The procedure is done under an aseptic technique. The area around the eye is cleaned with
povidone-iodine and a local anesthetic is instilled into the eye. It may be done at the slit lamp
or with the patient in a supine position by using binocular loupes. The eye is opened and fixated
with a speculum. The conjunctival surface is washed with povidone-iodine solution. A 27-30-
gauge needle on a tuberculin syringe is inserted to the anterior chamber using a limbal
approach, and 200 to 250 µL of fluid can be obtained. At the end of the procedure, an antibiotic
drop and povidone-iodine solution is instilled into the eye and a broad spectrum antibiotic
drop is prescribed for several days. [6, 7]

Anterior chamber tap is a relatively safe procedure. Possible complications include trauma to
the cornea, lens, and iris; hyphema; corneal abscess; and endophthalmitis. However these
complications are rare. [7]

4.2. Vitreous aspiration needle tap

A vitreous specimen for analysis can be obtained by straight needle vitreous aspiration, or
vitreous tap. This procedure has the advantages of being easier to perform, being less traumatic
to the eye than diagnostic vitrectomy, and offering the ability to perform it in an office setting.
Disadvantages of vitreous aspiration include: (1) the risk for retinal detachment from vitreor‐
etinal traction during aspiration [8]; (2) a smaller amount of specimen in comparison to
diagnostic vitrectomy as the procedure only yields about 300 µL of ocular fluid [9], which
allows for fewer diagnostic tests and possibly a lower yield; (3) it is also not therapeutic, as a
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diagnostic vitrectomy could be, since it does not clear a large amount of vitreous (and thus
does not allow for better diffusion of intraocular medications, [10] removal of pathogens or
improved media clarity [11, 12]).

The procedure is done under an aseptic technique. The area around the eye is cleaned with
povidone-iodine and a local anesthetic is instilled into the eye. The eye is opened and fixated
with a speculum and the conjunctival surface is washed with povidone-iodine solution. A
large-caliber needle is usually needed, such as a 21-gauge hollow needle, mounted on a 1 ml
syringe as an aspirating device, which permits better control during the procedure. The needle
is directed posteriorly in the direction of the optic nerve head and vitreous humor is obtained.
At the end of the procedure an antibiotic drop and povidone-iodine solution is instilled into
the eye, and a broad spectrum antibiotic drop is prescribed for several days. [9]

4.3. Diagnostic vitrectomy

The aim of vitrectomy is to try to obtain the maximum possible amount of tissue from which
a diagnosis can be made. A small sample volume may reduce the diagnostic yield. A variety
of techniques involving the use of 20, 23, and 25 G PPV have been described in the literature.
[13-19] An undiluted vitreous sample is obtained using a 3 or 5 mL syringe attached to the
vitreous cutter. When the vitrector is cutting the vitreous, the assistant manually aspirates it
until the eye softens, and the infusion is turned on. This provides between 1-2 mL of undiluted
vitreous. Some authors propose using continuous infusion of air or perfluorocarbon liquid to
substitute the vitreous removed from the eyeball which allows obtaining a larger amount of
vitreous. [20, 21]

Following collection of undiluted specimen, fluid infusion is initiated and a second syringe
is placed on the vitreous cutter to collect 3-10 mL of a diluted vitreous sample. [11, 15, 18]
The  surgeon  may  then  proceed  with  core  vitrectomy,  induction  of  a  posterior  vitreous
detachment, and peripheral vitrectomy using a standard approach if necessary. [16, 19, 21]
Meticulous peripheral vitrectomy in the presence of significant media opacity, as may occur
in many uveitis patients, is accompanied by potential complications and should generally
be avoided. [21]

Complications

Diagnostic vitrectomy carries the possibility of complications encountered in vitrectomy for
other indications, with some added due to the nature of the underlying etiology.

Cataract formation is a common complication after vitrectomy procedures reported to range
from 12.5%-80% in 20-gauge PPV and 22.7%-79.3% in small gauge PPV. [22] The rate of cataract
progression is higher in individuals older than 50 years. [23]

Retinal detachment is a possible complication of any PPV. In the setting of diagnostic vitrec‐
tomy, this complication may be related to the underlying etiology. For example, in cases of
viral or fungal endophthalmitis it may already appear at the time of surgery, complicating the
diagnostic procedure. [24]
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Retinal detachment may also occur as a result of surgery. Iatrogenic retinal tears at the time of
surgery may lead to retinal detachment. [25] This complication is especially true in ARN, where
necrosis of the retina leads to its atrophy and subsequent retinal break formation. [26] It also
may occur due to the development of new retinal breaks postoperatively.

Other, rarer complications of PPV include open-angle glaucoma, [27] retinal and vitreous
incarceration, endophthalmitis, and vitreous hemorrhage. [28]

4.4. Chorioretinal biopsy

Chorioretinal biopsy should only be considered when the inflammatory process is localized
primarily in the sensory retina, retinal pigment epithelium, or choroid and when in a previous
workup neither aqueous nor vitreous samples provided the diagnostic answer. The main
indication is diagnosis of a suspected intraocular lymphoma.

It is important to remember that this procedure involves a greater risk, including subretinal
hemorrhage, vitreous hemorrhage, and retinal detachment, [29, 30] and should therefore only
be used as a last resort.

The procedure may be done using 20 or 23 G 3-port PPV. Prior to the biopsy, undiluted and
diluted vitreous samples are collected as described previously. The vitreous is separated over
the biopsy site and intraocular diathermy is used to delineate the biopsy site and the border
between the lesion and normal retina. A sample size of 1 x 1 mm or 2 x 2 mm is excised using
vertical scissors or a diamond blade, while elevating the intraocular pressure temporarily to
70-90 mm Hg to prevent bleeding. The tissue is then grasped using intraocular forceps and
removed through the sclerotomy site. Endolaser is applied around the biopsy site and the
procedure is ended with long-acting gas or silicone tamponade. [21]

5. Diagnostic testing of vitreous specimens

With the advent of new laboratory techniques, a myriad of options are available for the
clinician in the quest for obtaining a correct diagnosis of an unknown inflammatory, infectious,
or neoplastic entity.

Of course not all tests should be performed in all cases, and tests should be chosen according
to the suspected diagnosis.

5.1. Histopathologic evaluation

A sample is sent to a pathologist following the diagnostic procedure and is immediately
processed. The specimen is generally divided into three portions: one third is fixed for routine
histopathological evaluation, including light and electron microscopic examination. Another
one third is frozen in optimal cutting temperature (OCT) embedding compound for immu‐
nopathology (phenotyping of cells by their surface markers) and molecular characterization.
The last third portion is sent for culture of microorganisms. If the specimen is not adequate for
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all three procedures, frozen sections are recommended, as they can undergo routine histopa‐
thology, immunohistochemistry, and molecular analysis. [20]

5.2. Cytology

Cytological evaluation reveals the phenotypes of infiltrating cells in the vitreous. The vitreous
specimen is centrifuged and cells are smeared onto glass slides, and then immersed in 95%
ethanol for Papanicolaou (Pap) staining or left to dry for Giemsa staining. [20]

The reported sensitivity of cytology in the detection of intraocular malignancy ranges from
31% to 66.7%. This relatively low yield may be due to the presence of immune cells, necrotic
cells, fibrin, and debris in the specimen, which may confound the examination. [31] Other
reasons include small sample volumes with a low number of malignant cells, inadequate
preparation of the sample, and previous administration of corticosteroids. [20]

Cytologic evaluation may also be used to distinguish between a malignant process and an
inflammatory disease. An example of an inflammatory etiology that may be diagnosed with
the aid of cytology is sarcoidosis. Kinoshita et al. demonstrated multinucleated giant cells in
the vitreous in 85.7% of cases and lymphocytes and epithelioid cells in all cases of intraocular
sarcoidosis. [32]

An advanced technique for cytology is the use of cell blocks. They are superior to cell smears
since cells are accumulated by centrifugation and stored as paraffin blocks. The large number
of cells in a compacted area of one section on a slide glass as opposed to sparse cells on a smear
leads to a more accurate diagnosis. Paraffin sections also have the advantage of being used for
immunocytochemical diagnosis and clonal analysis, such as amplification by PCR of the
immunoglobulin heavy chain gene. [33]

5.3. Microbiological analysis

Microbiological cultures are considered the “gold standard” for diagnosis of infectious uveitis.
There are different types of media for isolation of the causative agent, including blood agar
(for gram-positive or fastidious gram-negative bacteria [34]), MacConkey agar (for most gram-
negative rods [34]), and Brucella agar for bacterial infections; Sabouraud dextrose agar for
pathogenic fungi and yeast; and shell vial culture for viral infections. Along with the culture,
the sample is sent for Gram staining and antibiotic sensitivity tests. [20]

Some fastidious organisms, such as Proprionibacterium acnes and fungi require holding the
culture for at least 1 month to avoid missing their diagnosis. [21]

The sensitivity of culture after diagnostic vitrectomy for diagnosis of chronic infectious uveitis
has been reported between 16.7% and 96%. [21] In cases of acute endophthalmitis, the
sensitivity of microbiological cultures and stains was shown to be 40-70%. [35] Higher yields
are reported with vitreous rather than aqueous samples. [36] Processing both diluted and
undiluted vitreous samples increases the sensitivity of vitreous cultures to 57.4%. [37]
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The yield of positive cultures from vitreous samples is usually low in cases of fungal endoph‐
thalmitis. In a retrospective study by Tanaka et al., positive cultures were only found in 38%
of vitreous specimens in patients with endogenous fungal endophthalmitis. [38]

While the utility of Gram stains is limited in comparison with culture (data from the Endoph‐
thalmitis Vitrectomy Study showed a yield of 66% for culture and 41% for Gram stain for
patients undergoing vitrectomy [35]), they are useful for rapid initial diagnosis of intraocular
infection and can help the clinician choose the appropriate antibiotic for the organism prior to
culture results.

5.4. Molecular analysis

Molecular analysis of a vitreous specimen is used for two main indications: 1) to diagnose
PIOL 2) to detect the DNA of microorganisms in cases of infectious uveitis.

The techniques currently in use for molecular analysis include PCR, an in vitro technique used
to amplify small quantities of nucleic acid into analytic amounts [39] and microdissection,
which allows the selection and molecular analysis of malignant or atypical lymphoid cells from
vitreous samples with a small amount of preserved cells. [31]

In cases of infectious uveitis, several PCR techniques may be used. Over the years new
modifications to the basic method, such as real-time PCR and multiplex PCR have been
developed. Real-time PCR allows for the characterization of an active infection versus low-
grade pathogenicity by quantifying the number of pathogen genomes in a sample. Multiplex
PCR allows for the amplification and detection of a number of different sequences at the same
time (such as two infectious agents from a single sample). [40]

The addition of PCR to microbiological analysis has been shown to increase the diagnostic
sensitivity from 48% to more than 80%. [41] Prior short-term use of intravitreal antibiotics does
not affect its ability to amplify DNA. In one series of patients with postoperative endophthal‐
mits treated with intravitreal antibiotics, PCR of vitreal specimens identified the causative
organism in 10 of 16 patients (62%) versus only 3 (18%) with culture only. [42]

As the causative organism is not always known or suspected, a PCR technique that targets a
specific microorganism is not always feasible. In such cases eubacterial PCR may be used. It
targets the 16S ribosomal DNA (rRNA) common to all bacteria, thereby identifying a wider
range of pathogens. [42-44] A similar approach detects the fungal genome in ocular fluids using
probes that target the 18S rRNA present in the Candida and Aspergillus species, and probes that
target the 28S rRNA also found in other species, including Cryptococcus, Trichophyton, Mucor,
Penicillium, and Pichia. [45]

For PIOL diagnosis, PCR is used to detect monoclonality within the variable region of the third
complementary determining region (CDR3) in the immunoglobulin heavy chain gene of
malignant B cells. Single-band detection of immunoglobulin heavy chain rearrangement can
be useful in PIOL. [20] In a study by Baehring et al., PCR was 64% sensitive for PIOL and
identified immunoglobulin heavy chain gene rearrangements in four samples that were
classified as negative for lymphoma based on cytopathology and flow cytometry. Cytology
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had 24% sensitivity and flow cytometry had a sensitivity of 36%. [46] In addition, PCR may be
used to detect bcl-2 gene translocations in PIOL that were shown to occur in younger patients,
suggesting a more aggressive treatment approach. [47]

5.5. Flow cytometry

Flow cytometry is a diagnostic technique that allows for simultaneous analysis of several
different cell surface markers. It involves centrifuging diluted vitreous and re-suspension in
cell culture medium. The cells are then counted and stained with antibodies to detect cellular
surface markers that identify leukocytes. [20]

It has been shown to be useful in the diagnosis of PIOL. [16] It relies on the fact that most PIOLs
are composed of monoclonal populations of B-lymphocytes that stain positively for B cell
markers (CD19, CD20, CD22) and have restricted expression of κ or λ chains [48]

Davis et al [49] correlated different flow cytometric markers with lymphoma, infection, and
idiopathic uveitis. They found that the most sensitive marker for lymphoma was a κ:λ ratio
≥3 or ≤0.6, while CD22 and CD20 were specific but not sensitive for lymphoma. For infection
they found that the CD8, CD14, and CD11c markers that indicate monocytes and cytotoxic
CD8+ T lymphocytes were specific, but not sensitive. A CD4:CD8 ratio of ≥4 was highly
sensitive and specific for inflammatory uveitis.

5.6. Cytokine measurement

B-cell malignancies can secrete high levels of interleukin-10 (IL-10), an immunosuppressive
cytokine. Inflammatory conditions are associated with high levels of interleukin-6 (IL-6), a
proinflammatory cytokine. [50, 51] IL-10 in PIOL tends to be high, with IL-10:IL-6 ratios greater
than 1.0 being suggestive of the disease. This ratio may serve as a useful adjunctive test in the
diagnosis of suspected PIOL, while also showing whether there is a significant response to
treatment. [31]

Cassoux et al [52] found that mean IL-10 values were 2205.5 pg/mL in the vitreous and 543.4
pg/mL in the aqueous humor in patients with PIOL, while in uveitis patients mean values were
26.6 pg/mL in the vitreous and 21.9 pg/mL in the aqueous. This difference was highly signif‐
icant.

Since the measurement of cytokine levels is fairly easy, measurement of IL-10 and IL-6 levels
is recommended for patients with suspected PIOL. [20]

5.7. Antibody measurement

This indirect method of diagnosing infection is often negative early in the course of the disease
as well as in immunocompromised patients. [31] Intraocular-specific antibody secretion has
been shown to confirm the etiology in 23-32% of cases. [53, 54]

A helpful concept in antibody measurement is the Goldmann-Witmer coefficient (GWC). It
can be calculated to compare intraocular antibody production with serum antibody levels. A
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ratio of greater than 1.0 is abnormal and ratios of 2-3 are considered significant. [55] Its accuracy
has been shown in the case of toxoplasmosis. [56] Errera et al have shown that GWC testing
had better sensitivity than PCR in ocular toxoplasmosis, especially when the test was carried
out in younger patients with quiet eyes, with smaller sized chorioretinal lesions. In contrast,
they have shown that this test was not helpful in viral retinitis in comparison to PCR, as the
sensitivity and positive predictive value (PPV) were lower for GWC. [57]

6. Selected examples

6.1. Infectious etiologies

6.1.1. Bacterial and fungal endophthalmitis

In cases of suspected bacterial or fungal endophthalmitis, Gram stain and culture (aerobic,
anerobic, and fungal) of the vitreous sample are performed in order to identify the causative
organisms and their susceptibilities.

As mentioned above, PCR analysis of aqueous and vitreous fluid have also been applied in
case series of patients with acute and delayed postoperative endophthalmitis, sometimes with
better detection of the causative agent than cultures.

6.1.2. Mycobacterium tuberculosis

Diagnosis of ocular tuberculosis (TB) is possible with the use of various tests for the detection
of systemic TB, including chest radiography, Purified Protein Derivative (PPD) tuberculin skin
test, Interferon Gamma Release assays (IGRA), and analyses of extraocular sites. [58, 59]
Intraocular fluid analysis may help.

Traditional fluid analysis with Ziehl-Neelsen staining and culture on Lowenstein-Jensen
medium is not ideal, as the former has low yields and the latter takes up to 6-8 weeks, limiting
its clinical utility. [58, 59] The yield of PCR analysis of aqueous and vitreous fluid has been
shown to range from 37.7% to 72% in a series of Indian patients. [60-62] It was shown that
77-80% of PCR-positive patients in these series were PPD positive, and 90-100% of PCR-
positive patients who were treated with antitubercular treatment had resolution of inflamma‐
tion. Similar rates were shown by a Mexican group, [63] where PCR testing in 22 patients with
a known diagnosis of TB uveitis showed a yield of 77.2%. All patients improved with antitu‐
bercular treatment.

6.1.3. Toxoplasma gondii

While diagnosis of ocular toxoplasmosis is typically made by a characteristic clinical presen‐
tation and supported by positive serology, there are cases that pose a diagnostic dilemma in
which an invasive ocular diagnostic procedure may be needed. For example, in immunocom‐
promised and elderly patients the disease may mimic viral necrotizing retinitis. [64, 65]
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Culture of T. gondii from the vitreous may be lengthy and ranges from 2 to 23 days for positive
cultures. [66] The rapid detection of toxoplasmosis DNA using PCR techniques on aqueous
fluid has a yield of 13% to 55% according to literature, with positive results occurring more
often with larger chorioretinal lesions, immunosuppressed patients, and active anterior
segment inflammation. [21] Antibody levels in the aqueous may supplement PCR results by
calculating the GWC, as described above. In one series, calculation of the aqueous GWC for
toxoplasmosis antibody at the onset of clinical manifestation had a yield of 57%, rising to 70%
after 3 weeks. [67]

The utility of GWC is decreased in immunocompromised patients. In one series of 34 immu‐
nocompetent patients with negative PCR tests for toxoplasmosis, 25 had a positive GWC,
whereas none of the immunocompromised patients exhibited a positive test. [56] In a similar
fashion, another series showed 93% positivity with use of this test in immunocompetent
patients, in comparison with a yield of only 57% in immunocompromised patients. [68]

While these results deal with aqueous analysis, less data appears in the literature regarding
diagnostic vitrectomy for this purpose. Available data shows a trend towards improved yields
for PCR from vitreous specimens. [21]

6.1.4. Viral retinitis

The diagnosis of infectious viral retinitis caused by herpes simplex virus (HSV), cytomegalo‐
virus (CMV), or varicella zoster virus (VZV) is not always straightforward. As with the other
infectious entities just mentioned, growth on culture may take a long time. PCR analysis of
aqueous and vitreous fluid plays an important role thanks to its high sensitivity, low false-
positive rates, and the rapidity of the assay. [69, 70]

The  sensitivities  of  PCR  for  VZV,  HSV,  and  CMV  were  reported  to  exceed  90%,  with
specificities in excess of 95%. [39] Knox et al. performed PCR on specimens from 38 eyes
of  37  patients  with  an  inflammation  of  unknown  etiology  suggestive  of  an  infectious
posterior  segment  disease.  In  24  of  these  cases  CMV, HSV,  or  VZV were detected.  [71]
Sugita et al. collected 68 aqueous humor samples and 43 vitreous fluid samples from 100
patients  with uveitis.  The samples were assayed for  human herpes viruses using multi‐
plex PCR and real-time PCR. Out of 16 patients with ARN, either HSV1, HSV2, or VZV
genomes were detected. In another 10 patients with anterior uveitis with iris atrophy, the
VZV genome was detected. Epstein-Barr virus was detected in 17% of samples, and (CMV)
was detected in three patients with anterior uveitis of immunocompetent patients and in
one immunocompromised CMV retinitis patient. [72]

As was shown above for toxoplasmosis, calculation of the GWC may also be of use for HSV,
VZV, and CMV, although variable results have been reported in the literature. In one series of
immunocompromised patients with posterior uveitis and panuveitis, analysis of an aqueous
sample demonstrated a detection rate of 94% for PCR aimed for the detection of CMV and
VZV versus only 18% with GWC. [73] Another series demonstrated an identification of 92%
of HSV-associated and 87.5% of VZV-associated infectious uveitis using GWC, in comparison
with 54% of HSV and 75% VZV cases that were identified using PCR. [74]
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6.2. Non-infectious inflammatory conditions

6.2.1. Sarcoidosis

The frequency of sarcoidosis involving the posterior segment varies in different series. One
group reported that as many as 89% of patients with ocular sarcoidosis demonstrated posterior
segment involvement, with vitritis as the most common manifestation, present in 69% of these
patients. [75] As the manifestations of sarcoidosis are varied, a diagnosis of this inflammatory
entity is not always straightforward, and may require an invasive procedure such as diagnostic
pars plana vitrectomy.

An increased CD4+ helper T-cell type 1 lymphocyte subset in bronchoalveolar lavage (BAL)
fluid and a high CD4/CD8 ratio are helpful for the diagnosis of sarcoidosis. [76] Kojima et al.
demonstrated that this ratio may also be applied for vitreous specimens, when a CD4/CD8
ratio of vitreous-infiltrating lymphocytes greater than 3.5 provided a diagnosis of ocular
sarcoidosis with a sensitivity of 100% and a specificity of 96.3% (in comparison with a sensi‐
tivity of 53% and specificity of 94% in analysis of BAL fluid). [77]

6.3. Neoplastic processes

6.3.1. Primary intraocular lymphoma

PIOL is considered one of the masquerade syndromes, or diseases that mimic inflammatory
conditions in presentation, leading to a diagnostic dilemma. [78] When the diagnosis of a
neoplastic process such as PIOL is suspected, reaching a diagnosis is of utmost importance in
terms of prognosis and the choice of treatment.

A definitive tissue diagnosis is required to make the diagnosis of PIOL. If lymphoma is
identified from a lumbar puncture, an invasive diagnostic ocular procedure may not be
required. If, on the other hand, lumbar puncture results are inconclusive and neuroimaging is
not consistent with CNS lymphoma in a patient with a high index of suspicion for PIOL,
invasive diagnostic procedures are appropriate. [3]

Histologic identification of malignant lymphoid cells is the gold standard for diagnosing PIOL.
[3] As stated above, it is pertinent to communicate with the pathologist before the procedure,
as any delay in delivery of the sample may result in death of acquired cells.

The characteristic features of PIOL using microscopic analyses include large atypical lymphoid
cells with scarce cytoplasm, prominent nucleoli, frequently large segmented nuclei, and a high
nuclear to cytoplasm ratio. [3] Cytology has a sensitivity ranging from 31% to 66.7% for
detecting intraocular malignancy, and one report showed a sensitivity of 83.3% for detecting
PIOL. [31, 49] In addition to cytology, immunohistochemistry, cytokine analysis, flow
cytometry, and gene rearrangements by PCR are also performed on the specimens. [3]
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6.3.2. Tumor metastasis

Tumor metastasis is the most common cause of intraocular malignancy in adults. [78] While
their typical appearance and preexisting history of cancer typically lead to diagnosis, uveal
metastases masquerading as intraocular inflammation have been reported. [21]

A few cases were reported on the use of aqueous sampling for cytology which led to the
diagnosis of metastases masquerading as anterior uveitis. [79-84] Of patients undergoing
diagnostic vitrectomy for uveitis of unknown cause, detection of metastasis from cytology
results was rare in the literature, [11, 85, 86] with only one case reported in each of these series.
In case reports of patients with the rare occurrence of tumors metastatic to the retina and
vitreous, these conditions present as intermediate uveitis, vitreous hemorrhage, or retinal
vasculitis with vitreous cytology and retinal biopsy assisting in diagnosis if no primary
malignancy is identified. [21]

In a series of 159 cases by Shields et al, [87] transocular fine needle aspiration (FNA) biopsy
led to an adequate sample collection in 88% of cases, with a sensitivity rate of 100% and
specificity rate of 98%, leading to diagnosis of intraocular malignancies such as uveal mela‐
noma, uveal metastasis, retinoblastoma, lymphoma, and leukemia. In another series of 39
patients with uveal metastasis undergoing ocular biopsy of the tumor, 25 G vitrectomy had a
yield of 100% for cytologic diagnosis. It indicated the site of origin in 24 out of 27 patients
without a known primary tumor. [88]

7. Summary

Diagnostic procedures in ophthalmology have gone a long way from the early days of pars
plana vitrectomy, when instrumentation and diagnostic methods were limited and the amount
of entities that could be diagnosed by invasive methods was restricted.

As this chapter has shown, the approach to a patient with a cryptic diagnosis, a rapidly
deteriorating disease, or treatment failure has changed in the last decades and ophthalmolo‐
gists now have in their arsenal a battery of tools to help in the diagnosis of cases that were once
considered unsolvable or untreatable.
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Abstract

Phacoemulsification is the most common ophthalmic surgery and it revolutionized
cataract surgery. With the introduction of sutureless clear corneal incisions surgical
time has been reduced, faster postoperative recovery enabled, and induced astigma‐
tism lowered. Various premium intraocular lenses (IOLs) such as multifocal,
accommodative and toric IOLs are designed to enable the best refractive outcomes.
In order to further increase accuracy and precision femtosecond laser assisted cataract
surgery (FLACS) has been introduced with ability to perform incisions, capsulorhexis
and disassembly of the lens.

Most frequent long-term complication of cataract surgery is posterior capsule
opacification (PCO). Another most common cause of patient dissatisfaction after
uneventful surgery is pseudophakic dysphotopsia. Acrylic materials with a higher
index of refraction and square edge designed IOLs are developed in order to minimise
PCO, but on the other hand they seem to enhance dysphotopic phenomena in patients.

To achieve the best possible postoperative result, careful selection of patients,
individual approach and patient education is mandatory.

Keywords: Phacoemulsification, clear corneal incision, intraocular lens, posterior
capsule opacification, pseudophakic dysphotopsia

1. Introduction

Cataract surgery is the most common ophthalmic surgery, and one of the most frequently
performed surgeries in general. A “cataract” refers to a focal or diffuse opacification of the
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crystalline lens, a structure that is normally opticaly clear. Hardening and clouding of the lens
may result in a progressive loss of vision depending on its size, location and density. It is
typically bilateral, compromises visual acuity and contrast sensitivity and increases glare.
Cataract may form at any age due to a number of different etiologies such as systemic metabolic
disease, use of different medications, ocular trauma, but most often is age related. As the lens
ages, it increases in weight and thickness and decreases in accommodative power. In cross-
sectional studies, the prevalence of cataracts is 50% in people between the ages of 65 and 74
and it increases to 70% in those over the age of 75 [1]. The pathogenesis of age-related cataracts
is multifactorial and not completely understood. Different methods have been developed for
cataract surgery, such as intracapsular and extracapsular extraction procedures, but the most
common and widely accepted procedure is phacoemulsification, since its development in 1967,
by Charles Kelman [2].

2. Phacoemulsification

The procedure of phacoemulsification has gained increasing popularity worldwide, since the
introduction of sutureless clear corneal cataract incisions, due to several advantages over the
traditional sutured scleral tunnels and limbal incisions [3]. Several surgical approaches have
been suggested to allow for a faster and easier phacoemulsification technique. The introduc‐
tion of clear corneal incisions to enter the anterior chamber and remove the cataract using
phacoemulsification revolutionized cataract surgery [4]. This approach is the most popular
and widely accepted. Clear corneal wounds have transformed cataract surgery by dramatically
reducing surgical time, offering faster postoperative recovery, and lowering the induced
astigmatism in comparison to scleral tunnel incisions [3].

3. Scleral tunnel incisions

Scleral incisions in phacoemulsification were firstly introduced by Girard and Hoffman [5].
The incision size is usually 3-7 mm in chord length [6]. Smaller incisions may be sutureless
while larger tunnels often are sutured and periotomy is performed in both cases. Scleral tunnel
construction could lead to several problems. An initial scleral tunnel that is too deep will create
scleral disinsertion with exposure to the ciliary body leading to different problems with
hemostasis, poor wound stability, early or posterior entry to the anterior chamber, and iris
prolapse. On the other hand, an incision that is too shallow may result in tear of the tunnel
roof and problems with water tightness of the wound [3]. Another thing that is of great
importance is the length of scleral tunnel. A dissection that is too far into the cornea creates an
anterior entry into the anterior chamber resulting in decreased maneuverability and corneal
striae that interfere with visibility during subsequent steps. An incision that is too short would
create problems with wound closure and iris prolapse [3]. Other complicaions include induced
astigmatism, filtration, hyphema and Descemets membrane detachment.
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4. Limbal incisions

The differences in the healing effects of incisions at the limbus and the cornea are widely
discussed in the literature [7-9]. Limbal incisions are likely to heal more quickly and are more
resistant to deformation pressure than those in the cornea. Reasons for that are significant
anatomical and physiological differences between them. Regular lamellar structure of collagen
fibrils of the cornea stretch from limbus to limbus. It is arranged in a lattice formation and
provides the primary structural support of the cornea and its transparency. The cornea is
avascular.

On the other hand, at the limbus, this regular structure is no longer present. Vascular arcades
are evident, providing a potential source of fibroblasts [10] in the effects of clear corneal and
scleral or limbal incisions, related to differences in the respective structures where the incisions
are made.

In comparison to limbal incisions, clear corneal incisions also appear to increase the likelihood
of endophthalmitis [11, 12].

5. Clear Corneal Incisions (CCls)

Sutureless clear corneal incisions are the most common incisions for cataract surgery with
phacoemulsification, replacing scleral tunnel and limbal incisions. There are several reasons
for the popularity of clear corneal approach based on different advantages compared to scleral
tunnel incisions. Some of them include reduced procedure time, lower induced astigmatism,
faster visual recovery and less complications.

The aim of cataract surgery today is rapid visual rehabilitation, the best possible uncorrected
visual acuity, and minimal postoperative astigmatism. The phacoemulsification procedure
results in less surgically induced astigmatism than extracapsular cataract extraction, in which
the incision is much larger. Clear corneal incision is the most used type of incision in phacoe‐
mulsification surgery, because it is less time-consuming and does not require cauterization or
wound suturing. The location of the CCI affects the degree of postoperative astigmatism. One
of the possible complications of cataract surgery is surgically induced astigmatism (SIA), which
is a major cause of functional disturbance and insufficient uncorrected visual acuity. CCI is
made deliberately in the steepest meridian if astigmatism is addressed. It can be made at
superior, oblique or temporal locations.Temporal CCI induces regular astigmatism 90 degrees
away from the incision (with-the-rule astigmatism) thus minimizing the postoperative
astigmatism [13-15]. It is known to induce the least postoperative astigmatism. Also, the
smaller the CCI, the lesser the induced astigmatism. Oblique scleral tunnel incision predictably
reduces astigmatism by simultaneously producing corneal flattening and steepening [16].

Some studies have shown that a small superior CCI induces greater postoperative astigmatism
than a small supero-oblique CCI, and a small supero-oblique CCI induces higher postoperative
astigmatism than a small temporal CCI [17-19]. Some authors reported that, although temporal
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CCI is reported to result in the least induced astigmatism, locating the incision superotem‐
porally or superonasally may ease surgical manipulations during the phacoemulsification
cataract surgery for a right-handed surgeon who works from the 12 o'clock position relative
to the patient [20]. Performing the procedure from the patient’s temporal side may not be
possible with the most operating tables, and locating the CCI temporally in the left eye may
be difficult for a right-handed surgeon who sits at the 12 o'clock position.

Several groups of authors analyzed refractive astigmatism in patients who have had phacoe‐
mulsification cataract surgery performed by the oblique clear corneal incision. They provided
evidence that the supero-oblique clear corneal incision does not induce the clinically significant
amount of oblique astigmatism [21-23]. Also, evidence is provided that the superotemporal or
superonasal CCI has minimal effect on corneal astigmatism [23]. Many studies investigated
the influence of different factors, such as the type of a surgery, length of incision and its type
(curved, straight, frown), location and width of incision (central vs. peripheral-limbal or
scleral), presence or absence of a suture and the suturing method, on postoperative astigma‐
tism [16, 19, 24, 25]. Any incisions that are made in the cornea have the potential to change the
curvature and therefore the dioptric power of the cornea in that meridian. The location as well
as the width of the incision affects the degree of postoperative astigmatism.Surgically induced
astigmatism is positively correlated with incision size (larger incisions generating more
astigmatism) and location (scleral or limbal incision inducing less astigmatism than clear
corneal), though for small incisions the effect of location appears less critical [26, 27]. Wound
construction also appears to have an effect, with square incisions reported to affect astigmatism
the least [28]. Despite all the advantages of clear corneal incisions, they are not without
problems. Reported disadvantages include poor wound healing [29], induction of irregular
astigmatism [29], the risk of wound dehiscence following trivial trauma [30], and increased
loss of endothelial cells [31].

5.1. Overview of the technique

Phacoemulsification in most  cases begins with a  2.2  to 3.0  mm tunnel  in the peripheral
corneal to enter to the anterior chamber. Reduced incision size to 2.2 mm and smaller led
to several  innovations in instrumentation,  phacoemulsification technology,  and intraocu‐
lar lens (IOL) design. Each step taken in reducing the incision size comes with mixed success
but has led ultimately to measurable improvements in outcomes [32]. During intraocular
surgery,  the  anterior  chamber  is  stabilized  with  an  ophthalmic  viscoelastic  device
(OVD).Continuous  curvilinear  capsulorhexis  is  made  at  the  anterior  surface  of  the  lens
capsule,  followed by  hydrodissection  that  separates  the  capsule  and  cortex  and  hydro-
delineation that separates the nucleus from epinucleus and cortex (in cases of medium or
medium-hard nucleus). Phacoemulsification begins when the tip of a handpiece connect‐
ed to the phaco machine is placed within the anterior chamber to fracture the lens into the
small  pieces  and to  aspirate  the  remaining small  particles.  Aspiration  uses  pumping to
remove liquid and debris generated during the surgery. Pumping creates a partial vacuum
and the  negative  pressure  forces  liquid  out.  To  maintain  the  anterior  chamber  volume,
irrigation of the saline-like solution is performed at the same time. After fragmentation and
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aspiration, insertion of the artificial intraocular foldable lens via injector follows. Continu‐
ous longitudinal ultrasound (US) has an inherent repulsive characteristic that can induce
turbulence, cause chatter, and create substantial heat along the shaft of the phaco needle.
Larger bore needles allow greater fluid flow allowing better cooling and transfer of larger
fragments of nuclear material. Fortunately, none of the current generation phaco units rely
solely on continuous longitudinal power [32]. Micropulse phacoemulsification is a result of
advancements in phacoemulsification modalities that include less power use and shorter
procedure times. The operating temperature of the needle in the incision is decreased [33,
34].  The next  progression provided torsional  phacoemulsification (Ozil,  Alcon Laborato‐
ries,  Inc.)  with  needle  temperature  also  reduced  [35].  Transversal  phacoemulsification
(Ellips,  Abbott  Medical  Optics,  Inc.),  the  next  nonlongitudinal  movement,  has  a  similar
effect. Each of these power modulations has resulted in improved ultrasonic efficiency and
can use smaller gauge needles to effectively emulsify nuclear material [32].

6. Phacodynamics

Modern phacoemulsification machines generate the required vacuum and aspiration based
on one of three pumping systems:

1. Peristaltic pump

2. Venturi pump

3. Diaphragm pump

1. Peristaltic pump

In this type of pump, the fluid is displaced through flexible tubing using a series of rollers on
a rotating wheel. As the wheel rotates, the rollers move the fluid trapped between them, which
result in more fluid being drawn into the tubing in the direction of rotation (Figure 1). The
flow rate is directly proportional to the speed of the rotary mechanism. At low speeds of
rotation a vacuum is not produced unless the tip is occluded. As the speed of rotation is
increased, a vacuum is produced in the aspiration line without occlusion. A desired flow rate
and vacuum is determined by the surgeon.

2. Venturi pump

There is no moving part in this pump. This type of pump works on Bernoulli's principle. When
the speed of flow of a fluid is increased in one part, the pressure in that part is decreased.
Compressed gas, such as air or nitrogen, flowing through a pipe (Figure 2) reduces the pressure
in the next region and creates a partial vacuum within the rigid drainage cassette.

3. Diaphragm pump

In this type of pump, a flexible metal or rubber diaphragm moves up and down. This move‐
ment, along with the vertical motion of two valves, maintains the vacuum (Figure 3). Clinically,
this type of pump is similar to the Venturi pump.
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Figure 3. Diaphragm pump

Figure 1. Peristaltic pump

Figure 2. Venturi pump
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The peristaltic pump has a slower rise time unlike the Venturi and diaphragm pumps that
have rapid flow rates and rise times. Rise time measures how rapidly a vacuum builds up once
occlusion has occured at the aspiration tip. Flow rate measures the amount of fluid passing
through the tubing (cc/min) and indicates how quickly events will progress once the aspiration
tip is either suddenly occluded or suddenly cleared. Venturi and diaphragm pumps have
higher flow rates and therefore they build up vacuums in the aspirate line without occlusion
of the aspiration tip. Once the tip is occluded, a vacuum builds up rapidly [2, 36-38].

Peristaltic Venturi

Flow based Vacuum based

Vacuum created on occlusion of phaco tip Vacuum created instantly via pump

Flow is constant until occlusion Flow varies with vacuum level

Drains into a soft bag Drains into a rigid cassette

Table 1. Differences between pumps, as reported by Devgan [38].

7. Intraocular Lenses (IOLs)

Nowadays, cataract surgery is not synonymous with lens extraction; it evolved in a more
refined procedure due to advances in phacoemulsification procedure and intraocular lens
technology [39]. The most frequent and the cheapest intraocular lenses are monofocal. After
their implantation most patients need spectacles, at least for near vision. The goal of premium
IOL design is to enable the best refractive outcome with restoration of vision for distance and
near without spectacles. Multifocal and accommodative intraocular lenses, as well as toric IOLs
for corneal astigmatism compensation, are considered premium IOLs. The aim of multifocal
and accommodative premium IOLs is to allow the presbyopic patient to regain the ability to
accommodate. The capacity of the eye to actively change its refractive power to create a sharp
image on the retina of distant, intermediate, and near objects is called accommodation [40].

7.1. Multifocal IOLs

Multifocal IOLs focus light in more than one point. They are described as refractive, diffractive,
and combinations of both optical principles. Also, they can be spherical and aspherical. They
were first introduced in the 1980s [41, 42]. They consist of multiple circular, concentric areas
that provide a continuous variation of the refractive power. Diffractive multifocal artificial
lenses are based on the HuygensFresnel principle [43] presenting concentric rings that result
in two or more coexisting retinal images and are independent of pupil size.

On the other hand, refractive IOLs are dependent on pupil size. Refraction is based on a change
in direction of the light ray due to a change in the optical density of the material transmitting
the light ray. Refractive IOLs provide usually good near vision but are mostly insufficient
regarding very small prints [44]. Recent studies report very good results in most cases after
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implantation of a multifocal IOL, diffractive [45-47], refractive [46, 47], or hybrid diffractive-
refractive [48]. Aspheric multifocals decrease higher-order aberrations of the ocular optical
system, primarily by compensating for the increased positive spherical aberration of the cornea
in older subjects [49, 50].They provide a significantly better near visual acuity compared to
spherical multifocal IOLs, with no significant influence on night vision symptoms and contrast
sensitivity [51]. Various studies have shown that uncorrected near vision is improved by
implantation of a multifocal IOL in comparison to monofocal IOL, resulting in lower levels of
spectacle dependence for near tasks without compromising distance visual acuity [52-58]. In
general, multifocal IOLs are able to provide patients with excellent uncorrected distance and
near visual acuity resulting in high levels of spectacle independence [49]. Although, the
preceding discussion makes the multifocals very appealing, they are not devoid of problems.
One of the main reasons for patient dissatisfaction is dysphotopsia [59, 60]. The most reported
phenomena after multifocal IOL implantation are halos and glare [61, 62], especially in
refractive multifocal IOLs [46]. In general, multifocal IOLs are associated with lower contrast
sensitivity than monofocal IOLs [46]. Regarding that, diffractive multifocal IOLs appear to be
equal or superior to refractive multifocal IOLs [63, 64]. Also, multifocal IOLs have been
associated with higher levels of high order aberrations (HOAs) than monofocal IOLs [65].
Refractive multifocal IOLs performed better at intermediate than near distance [51, 66].
Diffractive multifocal IOLs with lower near additions have increased visual acuity at inter‐
mediate distance without decreasing near and distance visual acuity [48, 67]. Lately, it has been
shown that intermediate visual acuity is increased with trifocal diffractive IOLs [68]. In
preoperative evaluation, it is of great importance careful selection of patients, individual
approach, patient s education and consideration of all benefits and side-effects of multifocal
IOLs [69, 70].

7.2. Accommodative IOLs

An alternative to multifocal lenses are accommodative lenses, which are able to change
position or shape in response to the accommodative reflex. They were designed to avoid the
optical side effects of multifocal IOLs and to offer the best solution for presbyopia: an IOL of
high-amplitude variable focality [71]. They are classified according to design into single-optic,
dual-optic, and curvature change IOLs [72]. Accommodative lenses act like monofocal lenses,
but provide better visual acuity for intermediate and distance vision. In comparison to
multifocals, they are independent on pupil size and therefore provide less disphotopic effects
and do not decrease contrast sensitivity. On the other hand, there is a variability of the
postoperative outcome, greater risk for capsular contraction and opacification, and the need
for further near vision correction [73]. Ideal IOL would allow the presbyopic patient to regain
his or her ability to accommodate. Experiments have been conducted with refilling the capsular
bag with a clear and elastic substance in order to achieve desirable accommodation, but
unfortunately unsuccessfuly [74]. Also, different attempts with the change in position of the
IOL or parts of it within the optical system in order to change the optical power of the optical
system and to restore the patient's accommodation in that way have not resulted as expected
[75]. Some of the ultrasound studies showed changes in the position of accommodating IOLs
within the optical system in response to physiological or pharmaceutical stimuli [76], while
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others did not provide evidence of significant movement of those IOLs [77, 78]. Looking into
a clinical practice, accommodating IOLs seems to be insufficient to result in large changes in
the power of the optical system [75, 79].

7.3. Toric IOLs

Approximately 20% to 30% of patients who have cataract surgery have corneal astigmatism
of 1.25 diopters (D) or higher and approximately 10% of patients have 2.00 D or higher [80-82].
Toric intraocular lenses are a predictable method of astigmatic correction with minimal impact
to the cornea. Based on current evidence, it appears that a minimal amount of corneal astig‐
matism of approximately 1.25 D should be present before toric IOL implantation is considered
[83]. They provide an opportunity for corneal astigmatism correction at the time of cataract
surgery and for spectacle independence. But, effectiveness of torics is dependent on its
orientation [84, 85]. A 10-degree error in rotation results in a 35% residual error in the magni‐
tude of astigmatism. Since the beginning of the first implanted foldable toric intraocular lens
in 1994 [86-89], many improvements in IOL material and design have been made to improve
postoperative rotational stability and therefore improved visual outcomes following toric IOL
implantation. Toric IOLs are made of hydrophobic acrylic, hydrophilic acrylic, silicone, or
polymethylmethacrylate (PMMA) biomaterial. The IOL biomaterial plays a major role in the
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presence of 1.00 D or higher astigmatism in eyes with a multifocal IOL compromise distance
and near visual acuity, showing the importance of an optimal astigmatism correction in these
patients [101].

8. Complications

8.1. Posterior capsular opacification (PCO)

The most frequent long-term complication of cataract surgery remains posterior capsule
opacification (PCO), an after cataract. In the past two decades, refinements in surgical
technique and modifications in intraocular lens (IOL) design and material have led to a
decrease in the incidence of PCO [102]. Symptoms of posterior capsule opacification include
blurred vision and are similar to those of a normal cataract. Patients may also see streaks of
light, halos, or excessive glare.

It has been shown that a sharp posterior optic edge inhibits migration of lens epithelial cells
(LECs) behind the IOL optic and results in a lower incidence of PCO [103-106]. Most IOL
designs, especially multipiece, have open-loop haptics that have a relatively narrow optic–
haptic junction. The junction is thought to be an Achilles heel for LEC migration, and the
narrower the junction, the better the optic-edge effect against LEC migration [106].

As intraocular lens (IOL) design [107, 108], the material [91, 109, 110], and the surgical
technique [111, 112] play a crucial role in retarding the development of central posterior
capsule opacification (PCO). Intraocular lens materials can be broadly divided into hydro‐
phobic and hydrophilic based on their surface energy. Acrylic IOLs with a hydrophobic or
hydrophilic surface are widely used in practice [113, 114].Single-piece hydrophilic acrylic IOLs
with a modified square edge are also available. The PCO rate with these hydrophilic IOLs,
which have an improved 360-degree sharp edge, is reportedly lower than with older hydro‐
philic models that had a sharp optic edge design except at the optic–haptic junction [115].

Studies [113, 116] have compared PCO between older hydrophilic IOL models and single-piece
hydrophobic acrylic IOLs, with the results favoring the latter. Because IOL characteristics play
a crucial role in preventing PCO, it is important to assess PCO formation after implantation of
these IOLs. This would help clinicians and researchers understand the impact of IOL material
and design on the development of PCO.

Several studies report low PCO rates with square-edged IOLs and increased PCO with
hydrophilic IOLs [117, 118]. However, both IOL material and design are important factors in
the development of PCO.

The mechanism of action is hypothetically caused by a mechanical barrier effect of a sharp
optic edge [106], by contact inhibition of the migrating LECs at the capsular bend by the square
edge [107], and/or by the high pressure exerted by IOLs with a square-edged optic profile on
the posterior capsule bend [108]. Based on these findings, various IOLs with often only minor
differences in material and design were launched. With the introduction of 1-piece (monobloc)
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IOL designs, which are easier to implant and to manufacture, there was concern about a loss
of the barrier effect to the migration of LECs in the region of the optic–haptic junction. The
broad-based bulky haptics of 1-piece IOLs extending from the optic rim inherently interfere
with capsular bag fusion, thus bending the posterior capsule. However, comparing 1- and 3-
piece Acrysof IOLs, no statistically significant difference in PCO was found in the long run
[103]. A study comparing two models of 1-piece hydrophilic acrylic IOLs showed significantly
less PCO in the eyes with an IOL with a square edge across the optic–haptic junction than
matched eyes with an IOL without a square edge at the junction 1 year after surgery [117]. For
the most part, a square posterior optic edge has been considered the major factor in the
prevention of PCO formation. Hydrophobic acrylic IOLs are not manufactured from the same
materials or by using the same processes. Therefore, the polymers used differ in their chemical
structure, water content, and refractive indices. Material differences are also reflected by the
tendency toward glistening formation. Microvacuoles within the IOL material can occur when
the IOL is in an aqueous environment and water fills microscopic openings in the material.
Typical with acrylic IOLs, glistenings appear as white sparkling areas over the entire IOL optic,
which may impair the optical quality. The higher density of the acrylic polymer network may
prevent the formation of microvacuoles and provide better visual outcomes. Several studies
conclude that hydrophobic IOLs are better than hydrophilic IOLs in preventing PCO [113, 116,
117].However, most comparisons have been between hydrophilic IOLs with round edges and
hydrophobic IOLs with sharp edges.Regarding IOL design, the theory that an IOL with a sharp
posterior optic edge prevents PCO has gained acceptance. There are two theories of how a
sharp-edged optic inhibits PCO formation [103-105]. One is the compression theory, which
suggests that contact pressure between the posterior capsule and the IOL optic edge mechan‐
ically prevents cell migration[103]. The other is that a sharp optic edge induces the formation
of a sharp capsular bend, which creates contact inhibition between migrating lens epithelial
cells (LECs) [104, 105]. Experimental and clinical studies suggest that the sharper the capsular
bend, the greater the preventive effect [106]. Analysis of the microstructure of the optic edge
of currently available square-edged hydrophilic and hydrophobic acrylic IOLs showed a large
variation in the deviation from a perfect square, not only between IOL designs but also between
different powers of the same IOL design.

The optic–haptic junction is another important factor in preventing PCO. In one study [105],
eyes with an IOL with a continuous 360-degree square edge had significantly less PCO than
eyes with an IOL with a square edge that was interrupted at the optic–haptic junction.
Accordingly, it is hard to say which IOL has a proper design in terms of preventing PCO. It
would be ideal for clinical PCO comparison studies to evaluate IOLs with the same material
or design, although this would be difficult using currently available IOLs.

There are few studies comparing hydrophilic IOLs with a sharp edge and hydrophobic IOLs
with a sharp edge [109, 113, 116]. In a study with a 2-year follow-up, Kugelberg et al. [109]
found that patients with the Acrysof SA60AT hydrophobic acrylic IOL had less PCO than
patients with the BL27 hydrophilic acrylic IOL (Bausch & Lomb). Others found no significant
differences in the PCO and Nd:YAG rates between the hydrophobic group and hydrophilic
group 3 years after surgery [113, 116].
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Animal [119] and clinical [108] studies show that IOL design, rather than IOL material, is the
critical factor in minimizing LEC migration across the posterior capsule after IOL implantation.
The continuous-edge IOL has two design characteristics that may have led to the significant
decrease in PCO, and that is a 360-degree continuous square optic edge, and greater space
between the optic and haptic at the optic–haptic junction to encourage apposition of the
anterior capsule and posterior capsule. A continuous square edge around the optic and angled
haptics allows close apposition of the IOL optic to the posterior capsule, which Nishi et al.
[120] found inhibits LEC migration. A rabbit model study [121] found that the addition of a
square edge across the optic–haptic junction decreased LEC migration behind the IOL optic
over migration with an IOL of the same type but without a square edge at the optic–haptic
junction.

In the treatment of PCO, neodymium: yttrium-aluminum-garnet (ND:YAG) laser is used to
cut the clouded posterior capsule allowing light to transmit normally [122]. It can produce
complications such as ocular inflammation, an increase in intraocular pressure, IOL damage,
cystoid macular edema, and retinal detachment.

9. Pseudophakic dysphotopsia

One of the most common causes of patient dissatisfaction after uneventful cataract surgery is
a pseudophakic dysphotopsia [123, 124]. It represents a set of subjective optical complaints
following intraocular lens implantation and is categorized as positive and negative dyspho‐
topsia. Positive dysphotopsia are bright artifacts on the retina that represent undesired optical
images described by the patients as halos, arcs, light rings, flashes, and streaks. The phenom‐
enon called negative dysphotopsia manifests as a temporal dark crescent-shaped shadow,
similar to scotoma, and represents the absence of light reaching certain portions of the retina
after in the-bag posterior chamber IOL implantation [125]. It has been first described almost
15 years ago, by Davison [126] and since then it is a matter of discussion in many scientific
papers. The cause of this phenomena has been widely discussed in the literature and many
explanations have been proposed such as optics with a sharp or truncated edge [124, 126,
127], IOL materials with high index of refraction [126-130], anatomical predispositions of the
eye such as prominent globe [131], shallow orbit [131], anterior surface of the IOL more then
0.46 mm from the plane of posterior iris [131], brown iris [132], temporally located clear cornea
incisions [132], a negative afterimage [133], neuroadaptation [133], and reflection of the
anterior capsulotomy edge projected onto the nasal peripheral retina [134]. Negative dyspho‐
topsia is more poorly tolerated than positive and could lead to IOL explantation [131, 135,
136]. Certain clinical manifestations have been recognized and nicely summarized by Masket
and Fram [134].

Still, there has not been much theoretical exploration in the past to explain in detail and to
validate all possible explanations of the negative dysphotopsia phenomenon. In the recent
study, designed to evaluate negative dysphotopsia, Holladay et al. [125] used ray tracing
simulation, using the Zemax optical design program and described “type 3 shadow-penum‐
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bra” as the optical mechanism that has been referred to as negative dysphotopsia and believe
that it explains all 10 clinical manifestations enumerated by Masket and Fram [134].They
concluded that primary optical factors for negative dyshotopsia are small pupil, a distance
behind the pupil of ≥0.06 mm and ≤ 1.23 mm for acrylic (≥ 0.06 mm and ≤ 0.62 mm for silicone),
a sharp-edged design (corner edge radii ≤ 0.05 mm) and functional nasal retina that extends
anterior to the location of the shadow. The final parameter that determines whether the shadow
is visible is the location of the anterior extent of the functional nasal retina. Secondary factors
include the high index of refraction optic material, the patient′s angle α, nasal location of the
pupil relative to the optical axis, and transparent versus translucent status of the peripheral
nasal capsule [125].

Holladay et al. showed that a sharp or truncated optic edge was the most significant factor in
positive dysphotopsia[124].Advances in lens edge design have minimized such problems, but
still a significant number of patients report of different photic phenomena [123, 124, 127, 137].
Square-edge IOL design appears to be the primary cause of reflected nighttime glare [124].
Radford et al. reported on overall incidence of 20.7% in the Akreos group and 21.3% in the
SN60-AT group [127]. Also, a study of patient-reported glare symptoms found fewer symp‐
toms with Akreos IOLs than with other acrylic lenses [138]. Osher reported the incidence of
negative dysphotopsia 15.2% on the first postoperative day, decreasing to 3.2% after 1 year,
then 2.4% after 2 and 3 years. Kinard et al. reported on 40% of study patients complaining
about central flashes 1 year postoperatively, and 3% rating it with the highest score. They found
that some of the patients originally thought to be a complete success had dissatisfaction from
dysphotopsia but silently put up with it [139]. The mechanism of neuroadaptation is still the
least understood of all factors involved in the process of pseudophakic dysphotopsia. As Jin
et al. disscussed, there are patients who have 2-mm IOL dislocation who should have debili‐
tating dysphotopsia and yet adapt very nicely. On the other hand, some have perfectly centred
IOL with excellent vision, good coverage of the IOL edge by the anterior capsule, and still
report severe symptoms of dysphotopsia long after surgery [137]. Holladay said that neural
adaptation can mitigate and reduce symptoms but not eliminate them, just as halos with
multifocal IOLs diminish with time but never disappear [140]. The positive symptoms seem
to diminish with time, or the patients get more used to them. Regarding the IOL features that
could contribute to dysphotopsia, hydrophobic acrylic lenses with higher refractive index have
a greater risk of dysphotopsia [126-130]. On the other hand, hydrophilic acrylic intraocular
lenses with lower refractive index could be superior in that matter due to less affinity toward
dysphotopsia [126-130]. Bournas et al. showed that the lens optic diameter is negatively
associated with the risk of dysphotopsia [141]. It is believed that with 6.0 mm, 6.5 mm, and 7.0
mm intraocular lenses are less likely to experience the photic phenomena because the edge
line of the IOL is out of view [142, 143]. On the other hand, Arnold concluded that the optic
size of the IOL does not correlate with any forms of dysphotopsia [144]. Four surgical methods
were used to treat negative dysphotopsia: secondary piggyback IOL implantation, reverse
optic capture, in-the-bag exchange, and iris suture fixation [131, 134, 136, 145]. Holladay
explained that exchanging the posterior chamber IOL for an anterior chamber IOL or using a
fully (not partially) rounded-edge IOL are the only two treatments that are sure to eliminate
negative dysphotopsia. Exchanges for a silicone material, secondary piggyback IOLs, and

Cataract Surgery
http://dx.doi.org/10.5772/60666

197



reverse optic capture usually will improve the symptoms but cannot guarantee elimination of
negative dysphotopsia [140]. Folden recently presented a Neodymium:Yag laser anterior
capsulectomy as a surgical option in the management of negative dysphotopsia [146]. Osher
believed that short term, transient symptoms of negative dysphotopsia were incision related,
mostly at patients with clear temporal incision, were the cornea is not covered by the eyelid.
He hypothesized that corneal edema-associated beveled temporal incision was related to the
transient symptoms of dysphotopsia [132]. On the other hand, Cooke described a case where
negative dysphotopsia resolved after IOL exchange with clear temporal incision, after prior
surgery with scleral tunnel incision at 10.30 o′clock position, entirely covered by the upper lid
[147]. Radford et al. stated that although 22% of patients who had a clear temporal incision
and 66% of patients who had a superior scleral incision reported symptoms of dysphotopsia
at 1 week, the difference between groups was not statistically significant. At 8 weeks 16% of
patients with a clear temporal incision and 42% of patients with superior scleral incision
reported symptoms of dysphotopsia, however the difference was not statistically significant
again [127]. Also, additional studies comparing temporal clear corneal incisions with nasal
[128] and superior [131] found no difference in the incidence of negative dysphotopsia.
Although a significant number of patients report photic phenomena, it seems to resolve over
time in the majority of cases [141, 144, 148]. They resolve by capsule opacification due to
fibrosis, cortical adaptation, or a patients final compromise with the problem [149]. It is
important to consider the amount of time between the surgery and telephone contact date
because as time goes by, anterior capsule opacification (ACO) may shield the optic edge from
light, protecting the patient from edge effects [150]. Holladay et al. agree with Hong et al.[151]
that the spontaneous resolution or transient nature of negative dysphotopsia is a result of
opacification (translucency/diffusivity) of the peripheral capsule. They stated that the opaci‐
fication of the nasal capsule is the explanation for 12.8% of negative dysphotopsia that
spontaneously resolved by 2 or 3 years of the original 15.2% in Osher′s study [125], mentioned
earlier.

10. Femtosecond Laser Assisted Cataract Surgery (FLACS)

Since premium intraocular lenses (IOLs) are getting more used for the achievement of the best
refractive outcome, methods to increase accuracy and precision in cataract surgery are being
investigated [152-154]. Femtosecond Laser assisted cataract surgery is one of the solutions with
its ability to perform anterior capsulotomy, lens fragmentation, and to create self-sealing
corneal incisions [155, 156]. The femtosecond laser (FSL) emits coherent optical pulses with a
wavelength of 800 nm and duration on the order of 10 -15 seconds. Due to its ability to alter
delicate tissue in a precise and predictable way, it is used extensively in ophthalmology. Also,
one of the major advantages is that it can cut tissue with almost no heat development. Today,
there are many ongoing clinical studies utilizing the femtosecond lasers to perform several
steps in cataract surgery such as incisions, capsulorhexis, and disassembly of the lens.

The femtosecond laser allows precision crafting of the lengths, angles, lanes, and shapes of
clear corneal incisions to levels of consistency exceeding any manual technique [32]. Although
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FLACS can be a promising surgical modality, there are questions of its widespread utility and
accessibility [157]. The laser system such as LenSx (Alcon, Fort Worth, TX) produces a kHz
pulse train of femtosecond pulses. In order to view the patients eye and to localize specific
targets, an optical coherence tomography (OCT) imaging device and a video camera micro‐
scope are used. It is generally used for the creation of single plane and multi-plane incisions
in the cornea, anterior capsulotomy and phacofragmentation. A beam of low energy pulses of
infrared light is focused by the laser into the eye, leading to a micro-volume photodisruption
of a tissue. After scanning the beam, numerous micro-disruptions are created in order to form
an anterior capsulotomy incision as well as lens fragmentation incision, which are program‐
med depending on the location, shape, and size. [157-159]. Femtosecond laser assisted cataract
surgery showed a lot of advantages in comparison to conventional cataract surgery. Some of
them are less induced coma and astigmatism, manipulation, and phacoemulsification time
[160]. A lot of arguments can be found in the literature regarding the increased risk of
postoperative endophthalmitis following manually created clear corneal incision [161, 162]. In
that matter, femtosecond laser assisted cataract surgery could be superior for it may allow for
more square architecture, which has proven more resistant to leakage, added stability, and
reproducibility at various intraocular pressures (IOPs) [163-165]. Femtosecond lasers also
provide more accurate, safe, and adjustable cuts for limbal relaxing incisions, as well as
predictable capsulorhexis [166]. Capsulorhexis performed with femtosecond laser has a higher
degree of circularity, less risk for incomplete capsulorhexis-IOL overlap, better IOL centration
[167, 168], and greater strength [168, 169]. It has been shown that the unpredictable diameter
observed in manual capsulorhexis can have effects on IOL centration, with subsequent poor
refractive outcomes, unpredictable anterior chamber depths, and increased rates of posterior
capsular opacification [170-172].Some studies provided evidence of easier phacoemulsification
performed with femtosecond laser [165, 173], reduced ultrasound energy for all grades of
cataract [173, 174], and even more predictable IOL power calculations with laser assisted
cataract surgery [175]. Taking into account that ultrasound phacoemulsification could damage
the corneal tissue [176, 177], femtosecond laser assisted cataract surgery promises improved
safety and lesser complications in that way also. On the other hand, patients with dementia,
tremor, or with deep set orbits might not be good candidates for FLACS, as well as patients
with poor dilated pupil, posterior synechiae, iris floppy syndrome, small eyelid fissure, and
ocular motor paralysis [157].

Long-term clinical studies of the outcomes of the femtosecond laser assisted cataract surgery
will provide evidence for the confirmation of its superiority over phacoemulsification.

11. Conclusion

The procedure of phacoemulsification revolutionized cataract surgery, especially since the
introduction of sutureless clear corneal cataract incisions, which has led to reduced surgical
time, lower induced astigmatism, faster postoperative and visual recovery, and less compli‐
cations. Advances in technology and knowledge from the fields of optics and biomaterials
have led to the development of minimally invasive procedures, as well as numerous various
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premium intraocular lenses that are designed to enable the best refractive outcomes with one
goal: restoration of vision for distance and near and spectacles independence. The develop‐
ment of acrylic materials with a higher index of refraction and square edge designed intraoc‐
ular lenses in order to prevent posterior capsular opacification led to patients having portions
of their retina exposed to reflected light from the optic edge ending with dysphotopsia on the
other hand. To achieve the best possible postoperative result, careful selection of patients,
individual approach, and patient's education is mandatory.

In order to increase accuracy and precision in cataract surgery, together with patient demands
for additional safety, femtosecond laser assisted cataract surgery is offered and being investi‐
gated as one of the possible solutions. As it appears safe and with many benefits in providing
the best possible outcomes for cataract surgery, it stays on long-term clinical studies to provide
evidence for the confirmation of its superiority over phacoemulsification.
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Chapter 11

Refractive Surgery for Myopia

Dieudonne Kaimbo Wa Kaimbo

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/62106

Abstract

This chapter describes current surgical techniques used to correct myopia, including laser
correction (laser surgeries), incisional techniques, intrastromal corneal rings, phakic intra‐
ocular lenses, and refractive lensectomy. Contents are based on recent findings published
in the medical literature and reflect the most advanced achievements in current refractive
surgery for myopia. The chapter presents relevant information that patients, students, op‐
tometrists, orthoptists, ophthalmologists, as well as scientists involved in management of
myopia need to know about this important topic.

Keywords: Myopia, Refractive Surgery, Correction, Laser correction, Photorefractive ker‐
atectomy, LASIK, Phakic intraocular lenses, Refractive lensectomy

1. Introduction

Myopia is the most common eye disease and is one of the leading causes of vision impairment
worldwide [124]. Prevalence of myopia is significantly different among racial groups, although
its worldwide prevalence is approximately 30% (3–84%) [41]. The highest prevalence is found
in East Asia, such as in mainland China [41]. The prevalence of myopia in the US population
was estimated in the early 1970s to be 25% in persons aged 12–54 years [111]. A meta-analysis
of population-based studies found a prevalence of 25% in persons over age 40 [61]. The World
Health Organization has grouped myopia and uncorrected refractive error among the leading
causes of blindness and vision impairment in the world [45].

Myopia (nearsightedness) is a refractive error, in which the eye possesses too much optical
power (too much plus powers) for its axial length ; as a consequence, images of distant objects
focus in front of the retina, when accommodation relaxed (www.checdocs.org).

Myopia has been recognized as a distinct visual disability for millennia and has been known
for more than 2000 years, first described by the ancient Greeks [54]. It was probably the ancient
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Greeks who coined the term, using the roots myein (to close) and ops (eye) to characterize those
individuals who narrow their eyelids to improve distance visual acuity, the pinhole effect. The
focus of distant parallel rays of light falls anterior to the retinal plane and produces a blurred
image in myopia. This situation can arise because either the primary refractive components
are too powerful or the globe is too long. Thus, myopia can be due to increased corneal or
lenticular curvature, or an increase in the lens index of refraction, as occurs with the develop‐
ment of nuclear sclerosis. More commonly, myopia is the result of axial elongation of the
posterior segment of the eye.

Myopia is categorized into two groups : (1) low-to-moderate myopia (≤ 6.0 D myoptic spherical
equivalent (SE) with or without astigmatism) and (2) high myopia (≥ 6.0 D of myopic SE with
or without astigmatism (www.medpagetoday.com).

Low-to-moderate myopia, known as physiologic myopia, is generally defined as that state in
which the eye is rendered myopic by a combination of its components of refraction. In this
situation, the refractive power of the eye (corneal power plus lens power slightly modified by
anterior chamber depth (ACD)) and the axial length are such that its posterior focal plane lies
anterior to the retina. Each component has a value within its normal curve of distribution.
These eyes demonstrate normal anatomy and physiology. Whether the absence of correlation
among the elements of refraction occurs by chance or is a heritable trait is unknown at present.
Low-to-moderate myopia is also considered as low-to-moderate refractive errors defined as
myopia less than 6.0 diopters (D).

High myopia, also known pathologic, degenerative or malignant myopia, is related to an eye
with an axial length exceeding 25.5 or 26 mm, a refractive error of at least -5.0 D and charac‐
teristic degenerative changes (eachers%20stangov.uk).

Posterior pole abnormalities typical of high myopia include tessellated fundus, lacquer cracks,
diffuse atrophy, patchy atrophy, choroidal neovascularization (CNV), macular atrophy,
posterior staphyloma but also straightened and stretched vessels, temporal peripapillary
atrophic crescent, hemorrhages, and tilting of the optic disk [48, 52]. Recently, high myopia
has been defined as a SE refractive error of at least −6 D associated with characteristic degen‐
erative changes which are more seen in eyes with myopic SE exceeding 8 D.

As elongation of the globe is a key feature of pathological myopia, an axial length of ≥26.5 mm
has been adopted as a biometric definition in clinical trials [122], with recent studies reporting
a mean of 29 mm (range 26.8–31.5 mm) [129, 130]. Limit of 25.5 mm of myopic eye has been
arbitrary fixed as 25, 25.5, or 26.5 mm [74] with an inferior limit of −6 to −10 D of refractive
error, providing a cornea of +43.5 D as average refractive power, in the absence of spherophakia
or nuclear cataract (eachers%20stangov.uk).

Of greater interest is the determination of the best cutoff for high myopia. Criteria for high
myopia that have been used in previous studies include −5.0, −6.0, −10.0, and −12.0 D and there
is no universal definition for high myopia [85, 132]. It is thought that at this level, the risks of
secondary complications, such as retinal detachment and glaucoma may increase [103, 117,
132]. There may also be further deteriorations in visual field, central visual acuity, increased
risks of irregular astigmatism, keratoconus, and peripheral visual field defects.
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Most cases of myopia are in children of school age and young adults. The etiology of myopia
is not clear, but there is evidence that genetic and environmental factors play a role. The chief
complaint is difficult reading at a distance. The diagnosis is made by measurement of refractive
errors by refraction [106].

The various modes of treatment of myopia(commonly used methods for correcting myopia)
include medical therapy options and surgical therapy options (known as refractive surgery).

2. Medical therapy options

Medical therapy options include eyeglasses (spectacles), contact lenses, and observation.
Individuals with asymptomatic myopia may not need eyeglass correction except for activities
such as driving or school work. Eyeglasses are the simplest and safest means of correcting
myopia; therefore, eyeglasses should be considered before contact lenses or refractive surgery
[12]. Contact lenses are used for many reasons. Contact lenses provide better, large field of
vision, a greater comfort, and an improved quality of vision. Only contact lenses can give
optimal visual function in some conditions such as high myopia, symptomatic anisometropia,
aniseikonia, irregular corneal surface, or shape. Further, contact lenses are beneficial in
managing unilateral myopia, and some special occupational needs (www.rutzeneye.com).

Spectacles and contact lenses are conservative optical methods. They each have functional
limitations such as the problems encountered in wearing spectacles when showering or
playing sports, such as individuals involved in certain sports and hazardous activities in which
there is risk of eye trauma. Carrying contact lenses solutions and storage solutions can be
inconvenient, and wearing contact lenses can increase the risk of corneal infection [106].

3. Surgical therapy options or surgical procedures (refractive surgery)

The term refractive surgery describes various elective procedures that modify the refractive
status of the eye [11]. The most commonly used methods for correcting myopia are spectacle
correction and contact lens wear. These conservative optical methods provide temporary
correction of myopia and remain the first choice, but refractive surgery is increasing signifi‐
cantly. There are a variety of reasons why patients with myopia request refractive surgery as
an alternative to contact lenses or spectacles.

These reasons may include the following [28]: (1) contact lenses may be inconvenient, not
tolerated, or may be deemed unsafe; (2) spectacles may be associated with unacceptable
aberrations, glare, and/or reduction of visual field, and (3) spectacles may be cosmetically
unacceptable or inconvenient.

Surgical procedures have been developed in an attempt to permanently correct myopia.

The goal of refractive surgery is to correct myopia by decreasing the refractive power of the
eye and to obtain a safe, predictable, stable desired refractive state new optical problems. The
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refractive power of the eye is reduced, by augmenting the anterior radius of curvature of the
cornea (flattening the curvature of the anterior corneal surface) or by insertion of an appro‐
priate synthetic intraocular lens (IOL). Several surgical techniques are available for the
treatment of myopia (www.medpagetoday.com).

Several effective options for laser refractive surgery are available to patients, which provide
the opportunity to meet more of the needs of an individual patient. These techniques are
divided into two groups: those involving surgery on the cornea (corneal refractive surgery)
and those involving surgery on the lens (lenticular refractive surgery). Procedures that involve
altering the cornea are collectively referred to as keratorefractive surgery, refractive kerato‐
plasty, or refractive corneal surgery [28].

4. Corneal refractive surgery

Corneal refractive procedures used to correct myopia include excimer laser refractive surgery
and corneal addition procedures.

Excimer laser refractive surgery for myopia works by removing corneal stroma to lessen the
refractive power of the cornea and to bring the image of a viewed object into focus onto the
retina rather than in front of it. Corneal addition procedures work by inserting ring segments,
a donor lenticule or hydrogel lens inside the cornea, or using compression sutures to steepen
the cornea.

4.1. Corneal ablation by excimer laser

This procedure includes lamellar procedures, such as LASIK, and procedures involving
surface ablation:

• Laser-assisted stromal in situ keratomileusis (LASIK)

• Photorefractive keratectomy (PRK)

• Laser-assisted subepithelial keratomileusis (LASEK)

• Epithelial laser-assisted in situ keratomileusis (Epi-LASIK)

This is divided into two main procedure groups: surface treatments and flap treatments.

In surface treatments, the skin on the surface of the cornea is removed by physical scraping or
peeling and the laser is applied to the surface of the stroma. The laser corrects myopia in
modifying the shape of the corneal stroma. In PRK, the surface skin is left to heal naturally
with the aid of a contact lens; in laser epithelial keratomileusis (LASEK) or epipolis (Greak for
surface) LASIK, known as EpiLASIK, the removed dead skin is replaced and acts like a
bandage, while new skin regenerates below it [106].

Flap treatment, called laser-assisted in situ keratomileusis (LASIK), employs a blade or a
femtosecond laser to cut a thin flap on the surface of the cornea. The flap is peeled back, and
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the excimer laser is applied within the body of the cornea stroma. At the end of the proce‐
dure, the flap is replaced. A variant of LASIK in sub-Bowman’s keratomileusis (SBK), also
referred to as “thin-flap LASIK”, which differs from LASIK only in that the thickness of the
flap is less [106].

4.2. Laser-asssisted stromal in situ keratomileusis (LASIK)

LASIK has become the single most common elective operation with over 35 million procedures
performed worldwide by 2010 [1, 97]. Brilliant ideas with bioengineering accomplishments
have led to correct about 90% of refractive errors in about a 10-min process with a less
discomfort, a recovery time of a few hours and dramatic visual results overnight. www.lon‐
donvisionclinic.com)

The concept that refractive error could be corrected by sculpting corneal stromal tissue to
change corneal curvature was the brainchild of Jose Ignacio Barraquer Moner in 1948 [24, 26,
27]. Barraquer developed a procedure he coined “keratomileusis” [25], which involved
resecting a disc of anterior corneal tissue that was then frozen in liquid nitrogen, placed on a
modified watchmaker’s lathe, and milled to change corneal curvature. The word “keratomi‐
leusis,” which is derived from the Greek roots keras (hornlike = cornea) and smileusis (carving),
literally means “sculpting” of the “cornea” [97].

LASIK, the most common procedure for corneal refractive surgery to correct myopia [33,
114], combines lamellar corneal surgery with the accuracy of the excimer laser.

After immobilization of the eye by the positioning of a succion ring, a partial-thickness lamellar
corneal flap is cut using a microkeratome (with an oscillating blade to shave 100–200 µm
corneal flap, ranging in size from 9 to 10.5 mm); the excimer laser ablation is then performed
after the flap to expose the corneal stroma; the laser is then focused and centered over the pupil
with the patient looking at affixation light and a preprogrammed excimer ablation of the
stroma is performed. The flap is after reflected onto the treated corneal stromal bed [19].

One of the critical steps in this procedure is creation of the corneal flap. Traditionally, the flap
was created using mechanical microkeratomes, but during the last few years there has been
the emergence of the new ultrashort-pulse lasers (picosecond and femtosecond) [66, 77, 114,
125]. There have been a number of technological advancements to overcome the difficulties
associated with intraoperative flap and microkeratome-related complications [33]. The
femtosecond laser is one such technology. Current clinical applications of femtosecond lasers
have been developed to create flaps for LASIK [59, 96]. The femtosecond laser is a focusable
infrared (1053 nm) laser; it employs ultrafast pulses in the 100-fs (100×10−15-s) duration range
and makes closely spaced spots which are focused at a preset depth to photodisrupt tissue
within the corneal stroma without inflammation and collateral tissue damage. Each laser pulse
generates a small amount of microplasma, which results in microscopic gas bubbles in the
interface and creates the flap. During treatment, the cornea is flattened with a suction appla‐
nating lens to immobilize the eye and to allow treatment of a geometrically simpler planar
cornea [77]. Adjacent pulses are scanned across the cornea in a controlled pattern without
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causing significant inflammation or damage to the surrounding tissue, which possibly results
in safer and more predictable flaps [125, 66].

The femtosecond laser was developed as a replacement of the microkeratome; it permits
surgeons to customize and create a partial-thickness lamellar corneal flap and customize its
diameter within the corneal stroma, providing more accuracy in flap thickness than with
previous methods.

4.2.1. Advantages of the femtosecond laser vs mechanical microkeratomes

• Unlike mechanical microkeratomes, which can have variable flap thickness, the femtosec‐
ond laser minimizes irregular flap thickness and epithelial injury as it etches a lamellar flap
at a desired corneal depth.

• Potential biomechanical and histopathological advantages with femtosecond laser flap
creation.

In LASIK, a larger flap is desired (up to 9 or 10 mm in diameter), in high myopes and in patients
with large pupils to compensate for any decentration.

With the femtosecond laser, a smaller flap is possible if centered over the optical zone.

• the femtosecond laser has been reported to minimize aberrations and to be less dependent
on corneal curvature;

4.2.2. Disadvantages

• increased cost,

• surgical time,

• risk of diffuse lamellar keratitis which is reduced with intensive perioperative topical
corticosteroids [19, 33].

In recent studies, outcomes of a femtosecond laser for LASIK (IntraLase, IntraLase Corp.,
Irvine, CA) [29, 40, 62, 118;] demonstrated more predictable flap thickness, an insignificant
increase in higher-order aberrations (HOAs) after flap creation, better uncorrected visual
acuity (UCVA), and decreased epithelial injury relative to mechanical microkeratomes. The
refractive outcomes after uncomplicated LASIK are relatively stable several years after
surgery. The flap perimeter and interface undergo slow wound healing, which allows for early
and stable refractive corrections [33, 101]. Although standard laser treatment eliminates
conventional refractive errors, it can induce new HOAs that adversely affect the postoperative
quality of vision, especially with respect to deterioration of the contrast functions [32, 81,
128]. A clinical refraction, composed of sphere, cylinder, and axis, describes what we now call
lower-order aberrations. There exist other types of optical aberrations in the visual pathway
of the eye, such as coma and spherical aberration, collectively called higher order. Change in
the corneal shape after LASIK toward an oblate pattern is believed to be responsible for
inducing spherical aberrations and HOAs after refractive surgery [15, 30].
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Aspheric ablation profiles are designed to minimize further inducing spherical aberration by
precompensating for its induction or by aiming to maintain the original Q value of the cornea.
Wavefront-optimized LASIK compensates specifically for the induced spherical aberration by
increasing the pulse energy in the periphery, with good reported visual outcomes [16, 33, 46,
94], and minimization of induced HOA. However, aspheric ablation profiles are not designed
to decrease preoperative HOAs. Wavefront-guided ablation profiles are designed to customize
the ablation pattern centered on the individual aberration profile of each eye to eliminate the
preexisting HOAs and avoid inducing more aberrations. Limitation of such customized
treatments in terms of induced changes in corneal asphericity and spherical aberration has
been previously reported [30, 33]. There are contradicting reports comparing the results of
visual outcome and HOAs between wavefront-guided and aspheric (wavefront-optimized)
profiles [33, 43, 65, 69, 75, 82, 88, 100, 112].

4.3. Photorefractive keractectomy (PRK)

PRK is a procedure in which the cornea is reshaped using an excimer laser. PRK evolves
epithelial removal and photoablation of Bowman’s layer and anterior corneal tissue. In contrast
to LASIK, there is no need for flap creation with a microkeratome. PRK can be used in thinner
corneas, where creation of a flap may leave less tissue than desired (usually 250 µm of cornea
tissue) remaining to the posterior stroma.

PRK was the most commonly performed surgical procedure until the introduction of laser in
situ keratomileusis (LASIK) in the mid-1990s. PRK is safe and effective, but the risk of corneal
haze, especially in high myopia, is significant. Postoperative pain and slow visual rehabilita‐
tion limit the use of PRK (www.jaypeedigital.com).

PRK was first introduced in 1987 [73], and the techniques have continually been modified since
then.

The most frequently performed procedures for low-to-moderate myopia utilize the excimer
laser, which was first approved for this purpose by the FDA in 1995. A surface ablation
technique, PRK was the first procedure performed.

Surgical procedure: An optical zone of 6 mm with a transition zone up to 8 mm is used. The
central 6–9 mm of epithelium is removed by one of the several methods: mechanical scraping
with a spatula or blade with or without topical alcohol, scraping with an automated brush,
using the laser to reduce the thickness and then scrape the residual or to remove epithelium
to Bowman’s layer, or removing the epithelium with a keratome. The exposed surface is then
ablated with laser followed by the placement of a bandage contact lens. A multipass technique
is also used for PRK: The total amount of correction is separated into multiple smaller
treatments of equal values of sphere and cylinder [91].

The total of these small treatments is equal to the actual-targeted correction. The laser is
stopped during 15 s between each pass. All passes are performed during the same surgical
procedure. The passes are set so that the operating time at each pass is less than 20 s [91, 92].
Postoperatively, a soft contact lens is inserted on the eye. Corticosteroid drops (fluorometho‐
lone (FML)) and nonsteroidal anti-inflammatory drugs (ketorolac tromethamine (Acular)) are
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given every 4 h for the first day and then thrice daily for the next 48 h. Antibiotic drops
(ofloxacin 0.3%) are given every 4 h. For myopia more than −6 D, corticosteroids are given
twice daily for the first postoperative month, four times daily for the second month, thrice
daily for the third month, twice daily for the fourth month, and once daily for the fifth month.
Corticosteroids are tapered after the first month follow-up exam. For myopia less than −6 D,
corticosteroids are given only during the first week after surgery. Oral analgesics are also
prescribed for pain during the first 72 h after surgery [91].

PRK is extremely useful in patients with thin corneas and in patients prone to flap dislocation
such as military personnel or contact sports athletes.

Surface ablation techniques compared with LASIK have

4.4. Advantage

More residual posterior corneal stromal tissue is preserved

No stromal flap-related complications.

4.4.1. Disadvantages

More discomfort

Slower recovery of vision (due to the longer re-epithelialization time and potential develop‐
ment of subepithelial haze) [19, 107].

4.4.2. Complications

The corneal wound healing response after PRK is usually more complex than after LASIK for
the same amount of correction [76].

• Regression

• Overcorrection and undercorrection

• Haze or corneal scar formation

• Dry eyes

• Infectious keratitis

4.5. Laser-assisted subepithelial keratomileusis

LASEK is indicated in

• low-to-moderate myopia with or without astigmatism

• thin corneas without any signs of keratoconus,

• extreme keratometric values (as in steep or flat corneas),

• deep set eyes and small palpebral fissure,
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PRK is extremely useful in patients with thin corneas and in patients prone to flap dislocation
such as military personnel or contact sports athletes.

Surface ablation techniques compared with LASIK have

4.4. Advantage

More residual posterior corneal stromal tissue is preserved

No stromal flap-related complications.

4.4.1. Disadvantages

More discomfort

Slower recovery of vision (due to the longer re-epithelialization time and potential develop‐
ment of subepithelial haze) [19, 107].

4.4.2. Complications

The corneal wound healing response after PRK is usually more complex than after LASIK for
the same amount of correction [76].

• Regression

• Overcorrection and undercorrection

• Haze or corneal scar formation

• Dry eyes

• Infectious keratitis

4.5. Laser-assisted subepithelial keratomileusis

LASEK is indicated in

• low-to-moderate myopia with or without astigmatism

• thin corneas without any signs of keratoconus,

• extreme keratometric values (as in steep or flat corneas),

• deep set eyes and small palpebral fissure,
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• recurrent erosion syndrome,

• dry eye,

• glaucoma suspect,

• wide scotopic pupil,

• scleral buckle

LASEK is also indicated in patients and for patients who are prone to trauma, such as military
personnel and athletes [116]. Although there is a newer method of creating the epithelial flap
mechanically by an epikeratome, without the use of alcohol, LASEK is still considered by many
surgeons, for a personal preference or because of the affordability of the mechanical epikera‐
tome.

LASEK involves the creation of an epithelial flap that is put back in position after the laser
treatment. Detachment of the epithelial flap is created with placement of a diluted solution of
alcohol (typical 15–20%) in a well. Alcohol weakens the adhesions of the basal epithelial cells
to the anterior stroma.

4.5.1. Surgical procedure[20, 18, 116]

In brief, after topical anesthesia and lid speculum application, positioning marks are used to
mark the corneal surface, and then a semi-sharp circular well is used to administer 18% alcohol
for 25–35 s on the corneal epithelial surface [18, 20, 116]. Using vannas scissors and jeweler’s
forceps, the margins of the delineated area are freed, leaving two to three clock-hours of intact
margins for the hinge. Using a Merocel sponge, the loosened epithelium is then peeled back.
After standard laser ablation, the epithelial sheet is gently repositioned with the aid of
intermittent irrigation. The epithelium is carefully realigned using the preplaced positioning
marks and allowed to dry for 3–5 min. Antibiotics and steroids eye drops are given and a
bandage contact lens is placed to reduce the mechanical friction by the eyelid and to reduce
postoperative pain [8, 91].

4.6. Epithelial laser-assisted in situ keratomileusis (Epi-LASIK)

Epi-LASIK is an innovative new procedure designed to create a thin flap in the epithelium
with an epikeratome. Epi-LASIK is also an excellent alternative for patients with thin and steep
of flat cornea [84]. The layer is preserved and replaced following the reshaping of the cornea
using the excimer laser. Unlike LASER, which uses alcohol to separate the epithelium and the
process can kill epithelial cells, Epi-LASEK permits the cells to live and continue to survive
following replacement [60]. Preliminary clinical results suggest that Epi-LASEK is a safe and
efficient method for the correction of low myopia [14, 83].

4.6.1. Complications

Postoperative dry eye syndrome

Postoperative haze
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4.7. Corneal addition procedures

These procedures include the following:

• Intracorneal ring segments (e.g., INTACS); the most commonly used to treat keratoconus.

• Epikeratophakia (removal of epithelium and placement of a donor lenticule of Bowman’s
layer and anterior stroma). Epikeratophakia (also known as epikeratoplasty and onlay
lamellar keratoplasty) was introduced by Werblin et al. It involves removal of the epithelium
from the central cornea and preparation of a peripheral annular keratotomy. No microker‐
atome is used. A lyophilized donor lenticule (consisting of Bowman’s layer and anterior
stromal) is reconstituted and sewn into the annular keratomy site.

The procedure is used to correct greater degrees of myopia. Complications include irregular
astigmatism, delayed visual recovery, and prolonged epithelial defects.

• Keratophakia (intrastromal implantation (insertion) of a donor lenticule of corneal stroma
that was previously frozen and reshaped

• Intracorneal lens (implantation of hydrogel lens within the corneal stroma).

• Compression sutures (to modify refractive error by steepening the cornea and reducing
astigmatism). Corneal addition procedures, except intracorneal ring segments, are not
currently in widespread use (www.medpagetoday.com).

4.8. Corneal relaxation procedures

Radial keratotomy (peripheral deep stromal radial incisions) has been abandoned (www.med‐
pagetoday.com).

RK for myopia involves deep, radial corneal stroma incisions, which weaken the paracentral
and peripheral cornea and flatten the central cornea. Patients with low-to-moderate myopia
(up to 5 D) achieve the best results with RK in terms of the highest levels of UCVA. Stability
of refraction after RK is lower than with many other refractive surgical procedures. The
procedure was abandoned because of the long-term complication of bullous keratopathy
secondary to endothelial cell loss.

Arcuate keratotomy (paired peripheral stromal incisions parallel to the limbus); the most often
used to treat astigmatism after corneal graft surgery.

• Limbal relaxing incisions (deep limbal incisions of varying arc) are used during cataract
surgery to reduce preexisting corneal astigmatism. These incisions are a valuable tool for
correcting mild astigmatism. There are several nomograms for determining the number
and length of peripheral corneal relaxing incisions (PCRIs). For example, www.lricalcula‐
tor.com features Nichamin and Donnenfeld nomograms; Cataract and Refractive Surgery
(Kohnen and Koch, 2006) features Koch’s nomogram. A PCRI is performed by creating a
deep (usually about 600 µm) incision or pair of incisions in the peripheral cornea anteri‐
or  to  the  corneal  limbus  and vascular  arcade.  The  length  and placement  of  the  inci‐
sion(s) depend upon the axis and amount of cylinder. PCRIs work well if the SE is close
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to plano (due to the coupling effect), and the astigmatism is less than 2.00 D. If necessa‐
ry, it is possible to add or lengthen a PCRI at a later date. Patients with more significant
astigmatism (>2.00 D) typically have greater success with LASIK or PRK than with PCRIs
(Focal Point, 2014).

4.8.1. Corneal thermocoagulation

Thermokeratoplasty (heating the peripheral cornea to shrink collagen and steepen the central
corneal curvature) can be used to treat hyperopia or presbyopia.

4.9. Criteria for corneal refractive surgery [8, 53]:

Inclusion criteria (10 [53]:

• Age of patient (years): ≥18

• Myopia (up to −12.00 D), with astigmatism, up to 3.00 D

• Refraction with a <0.50 D change of <0.50 D during prior 6 months

• Best correctable visual acuity of >20/20 in both eyes

• No use of soft contact lens use for >7 days before the preoperative visit

• Normal fundus peripheral retina or previously treated with photocoagulation

Informed consent must be obtained from all patients after they receive a detailed description
of surgical procedure and a thorough review of its known risks.

To be a candidate for either type of refractive procedure, the patient must have adequate central
cornea thickness, regular topography, adequate pupil size, healthy and adequate tear film, and
no absolute or relative contraindications to the procedure. LASIK is generally avoided in
patients with previous corneal surgery, including PCRIs, in favor of surface ablation. With
either procedure, the ablation can be a standard conventional, a wavefront-guided or a
wavefront-optimized treatment. Conventional ablation treats lower-order or spherocylindri‐
cal aberrations. Wavefront-guided treatment reduces preexisting HOAs and reduces induction
of new aberrations by creating a customized ablation profile. Wavefront-optimized ablation
provides a customized treatment profile based on the patient’s refraction and only treats the
HOAs that would be induced by the alteration of this refraction.

Exclusion criteria [8, 53]:

• Age younger than 18 years

• Excessively thin corneas (<500 mm central corneal thickness)

• Topographic evidence of keratoconus [56]

• Eyes with ectatic disorders [99]

• Histories of autoimmune diseases, pregnancy, or current nursing of an infant
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• Greater than 2.5 D of difference in sphere and cylinder between eyes

• Previous ocular surgery, corneal diseases, glaucoma, or history of ocular trauma

• Active ocular or systemic disease likely to affect corneal wound healing

4.10. Preoperative evaluation

The preoperative evaluation, a comprehensive medical eye evaluation includes history,
examination, diagnosis, and initiation of management (www.rutzeneye.com).

The history should incorporate the elements of the comprehensive medical eye evaluation in
order to consider the patient’s visual needs and any ocular pathology. In general, a thorough
history may include the following items:

• Demographic data including name, date of birth, gender, ethnicity, race, occupation,
address

• Chief complaint

• History of present ocular disease

• Present status of visual function (e.g., patient’s self-assessment of visual status, visual needs,
any recent or current ocular symptoms, and use of eyeglasses or contact lenses)

• Ocular history (e.g., prior eye diseases, injuries, surgery, including refractive surgery, or
other treatments and medications)

• Systemic history, allergies and adverse reactions to medications,

• Family and social histories: pertinent familial ocular and systemic disease

• Social history such as occupation, smoking history, alcohol use, family and living

• Review of systems

The comprehensive eye examination evaluates an evaluation of the physiologic function
and the anatomic status of the eye, visual system, and its related structures. This includes
the following elements (www.corneasociety.ca):

• Visual acuity UCVA, with current correction (the power of the present correction recorded)
at distance and when appropriate at near

• Measurement of best spectacle-corrected visual acuity (BSCVA) (with refraction when
indicated)

• Manifest and cyclogic refractions

• Ocular dominance

• External examination (e.g., lids, lashes, and lacrimal apparatus; orbit; and pertinent facial
features)

• Ocular alignment and motility
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• Pupillary function; mesopic pupil size measurement using a pupillometer

• Keratometry

• Visual fields by confrontation

• Slit-lamp biomicroscopic examination: eyelid margins and lashes, tear film, conjunctiva,
sclera, cornea, anterior chamber, and assessment of peripheral ACD, iris, lens, and anterior
vitreous

• Pachymetry

• Corneal topography; computerized videokeratography

• Haze measurement

• Tonometry with Goldmann tonometer

• The fundus ophthalmoscopy: vitreous, retina (including posterior pole and periphery),
vasculature, and optic nerve

• Haze measurement

• Assessment of patient’s mental and physical status

Anterior segment structures examination includes a close inspection and biomicroscopic
evaluation before and after dilation. Posterior segment structures evaluation (examination)
requires (needs) a dilated pupil. The peripheral retina examination needs the use of the indirect
fundus ophthalmoscopy or slit lamp fundus biomicroscopy. The examination of the macula
and optic nerve needs the use of the slit lamp biomicroscope, with diagnostic lenses and OCT.

(www.rutzeneye.com)

The evaluation of myopia requires an assessment of both the refractive status of the eye, the
patient’s current mode of correction, symptoms, and visual needs. Refraction is often per‐
formed in conjunction with a comprehensive medical eye (American Academy of Ophthal‐
mology Preferred. Practice Patterns Committee. Preferred Practice Patterns Guidelines.
Comprehensive Adult Medical Eye Evaluation, 2005). Evaluations of myopia include visual
acuity, refraction, and refinement. The depth of the corneal lesion can be measured using an
optical pachymeter [31]. The combination of manifest refraction, slit-lamp examination, and
keratometry is generally sufficient for detecting the most anterior abnormalities.

4.11. Postoperative care

Postoperatively, antibiotics such as tobramycin (Tobrex; Alcon Laboratories, Inc, Fort Worth,
Texas, USA), diclofenac 0.1% drops (Basel, Switzerland), and corticosteroids such as dexame‐
thasone 0.1% or prednisolone acetate 1% eyedrops

1. is given four times a day during the first week

2. FML 0.2% is then applied four times daily for four weeks (minimum), based (depending
on) on the refraction and IOP;
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3. The drops of FML are tapered gradually three times a day for two weeks and switched to
two times a day for two weeks [8]. Lubrication is prescribed as required [91]. After a
LASIK, a shield is placed on the eye and taped to the forehead. Patients are instructed to
wear their eye shield at night during the week, and not to rub the eyes or swim underwater
in order to prevent flap displacement or infectious keratitis.

4.12. Postoperative evaluation [8]

After surgical procedure, the postevaluation includes:

• Measurement of manifest refraction

• Cycloplegic refraction

• UCVA

• BSCVA

• Slit-lamp biomicroscopy

• Dilated funduscopy

• Applanation tonometry

• Corneal topography

• Visual acuity is measured using a standard Snellen acuity chart at 6 m.

Residual stromal bed (RSB) is estimated by two methods: (1) preoperative pachymetry minus
predicted flap thickness (according to Pérez-Santonja and associates [86, 87]) minus calculated
ablation depth and (2) postoperative pachymetry (using the latest available pachymetry data)
minus predicted flap thickness.If enhancement procedures were performed, the RSB is
estimated using the sum of the calculated ablation depths for all procedures including the
safety and efficacy indexes: Safety = (BCVA postoperative/BCVA preoperative); Efficacy =
(UCVA postoperative/BCVA preoperative).

4.13. Results and outcome measures[53, 116]

Primary outcome measures include uncorrected visual accuity, refractive stability, predicta‐
bility, loss of the best spectacle-corrected visual acuity, aberrometry, contrast sensitivity, and
adverse event profile. Evaluation is based on measurement of [53, 116]:

Efficacy measured by the mean postoperative UCVA and the efficacy index, which is the ratio
of mean postoperative UCVA to mean preoperative BSCVA.

Predictability measured by the mean postoperative SE within ±0.50 D, and within ±1.00 D of
the intended correction; and the percentages of eyes within ±0.50 D and ±1.00 D of emmetropia
(target refraction); a lesser likelihood of undercorrection and on the other hand, the more
overcorrection seen postoperatively.

Safety measured by lost of two or more lines of BSCVA and the mean postoperative BSCVA;
and the safety index, which is the ratio of mean postoperative BSCVA to mean preoperative
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BSCVA. The percentage of eyes that lost 1 or more lines of BSCVA at a period of time (six and
12 months) posttreatment [116].

Retreatment and complications percentage of treated eyes retreated for residual myopia and
overcorrection.

4.14. LASIK complications [8]

Keratome and flap complications (miscreated flaps, flap striae, interface inflammation,
traumatic flap tears with initial flap lift, loss of suction, and epithelial defects, etc.)

Intraoperative complications such as ectasia, flap striae, flap dislocation ;Laser complications
such as misinformation/improper ablation, decentered or improperly registered ablation,
reduced quality of vision ; complications of healing/infection/inflammation such as recurrent
corneal erosions, Infectious keratitis, epithelial ingrowth, diffuse lamellar keratitis (DLK), post-
LASIK dry eye syndrome ; other complications of LASIK such as intraocular pressure meas‐
urement after LASIK optic neuropathy and glaucoma (www.operationauge.com).

5. Lenticular refractive surgery

Phakic IOLs for the treatment of myopia work by diverging light rays so light rays from a
distant object are focused sharply on the retina rather than in front of the retina. Phakic IOLs,
therefore, can be inserted in the anterior chamber of the eye in front of the iris or placed in the
posterior chamber of the eye behind the iris in front of the natural lens in the ciliary sulcus
(www.meddpagetoday.com).

5.1. Refractive lens exchange

This is extraction of the natural lens and insertion of a posterior chamber IOL, that is, “cataract
surgery” in the absence of a visually significant cataract.

The technique is a variety of standard cataract surgery. The elements involved are the
transparency and softness of the crystalline lens in the absence of cataract and the elongation
of the globe, an axial length of ≥26.5 mm associated to high myopia, which in this particular
case is the indication for RLE [10].

The ideal technical elements for successful RLE surgery include the following [10]:

• Minimal invasive surgery with minimal trauma to intraocular structures (specially corneal
endothelium, iris and other intraocular structures).

• A watertight sub-2.2-mm clear corneal microincision, located optimally less than 1 mm from
the limbus on the steepest corneal meridian to minimize surgically induced astigmatism or/
and to reduce preexisting corneal astigmatism [10].

• Capsular bag fixation of an appropriate posterior chamber IOL proven to be associated to
a low incidence of posterior capsular pacification (PCO).
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Special considerations in cases selected for RLE include the following:

The best approach to RLE surgery includes minimally invasive surgery, through the smallest
possible incision.

Specific informed consent for RLE different to different to the one used for cataract surgery
must be provided and will include information about potential refractive benefits and
complications, and the problem of pseudophakic presbyopia [10].

5.2. Surgical technique [10]

5.2.1. Topical anesthesia

A clear corneal incision and continuous curvilinear capsulorhexis (CCC)

Hydrodissection: cortical cleaving hydrodissection is performed in two separate distal
quadrants with decompression of the anterior chamber in order to avoid capsular block
syndrome

Prechopping (optional): although the nucleus is not hard in RLE, prechopping facilitates
further surgical maneuvers and reduces surgical time

5.2.2. Phacoemulsification

The nucleus is divided based on the technique used: prechopping, chopping, or grooving,

Irrigation/aspiration

An adequate viscoelastic is injected deep in the capsular bag to reform the bag and prepare it
for IOL insertion

IOL insertion. After IOL insertion, bimanual

Irrigation/aspiration is performed to remove all viscoelastic material

A preservative-free antibiotic is injected into the anterior chamber, and then the stroma at the
incisions is hydrated to assist self-sealing.

5.2.3. Complications

Post-RLE retinal detachment

Cystoid macular edema in the first few weeks after surgery

PCO, which can develop from months to years after the surgical procedure

A decrease in twilight vision (with halo perception and glare) after implantation of multifocal
IOLs.

Choroidal neovascular membrane (CNV) formation

Myopic macular degeneration
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RLE is indicated in high refractive error in the absence of cataract. RLE, however, is specifically
only indicated in presbyopic eye [10]. In general, due to the fact that at present for restoration
of near intermediate, and distance vision, multifocal IOLs are at present superior to the
available accommodating IOLs. The main challenge involved is to reach emmetropia with
rapid recovery using the astigmatically neutral incisions of modern cataract surgery [10].

6. Phakic IOL

This is the insertion of an additional synthetic lens in front of the natural lens, placed either
behind the iris in the ciliary sulcus or clipped to the iris in the anterior chamber.

Implantation of IOLs in the phakic eye (phakic intraocular lense, pIOL) is a relatively new
technique to correct high ametropia.

pIOLs are used for correcting moderate and high ametropias and allowing maintenance of
accommodation while offering good quality of vision, some reversibility of the procedure, and
possible management of postoperative error [21, 39, 50, 72, 79, 123]. Among the IOLs are the
implantable Collamer lens (ICL, Staar Surgical, Monrovia, CA), a foldable posterior chamber
IOL, the veriflex lens (Verflex Phakic IOL), an iris-claw lens with hydrophobic polysiloxane
foldable design. Implantation of both types of pIOLs is increasingly popular because it is
technically undemanding while offering high predictability and a good safety profile.

Implantation of pIOLs is a reversible refractive procedure, preserving the patient’s accommo‐
dative function with minimal induction of HOAs compared with corneal photoablative
procedures [86].

Corneal ablation surgical procedures such as PRK or LASIK laser are usually the preferred
options by refractive surgeons for correcting refractive errors [86]. However, the range of safe
dioptric correction for these procedures has been progressively limited due to the mid- and
long-term complications  observed,  particularly  in  cases  of  high refractive  error,  such as
keratectasia [95], corneal haze [105], regression [8], dry eye [119], or poor postoperative visual
quality [55, 89]. It has been shown that photoablative refractive surgery in high ametropia
can lead to a significant increase in ocular aberrations [89] and decrease in visual perform‐
ance [55]. Furthermore, corneal photoablation has a decreased predictability for the correc‐
tion of high refractive error because of the unknown and unpredictable effects on corneal
biomechanics [98].

Intraocular refractive procedures have become a safe, efficient, and predictable alternative for
treating high ametropias when the use of corneal photoablative procedures is not possible or
high risk [86].

The progress of intraocular refractive surgery is due to advances made in IOL designs, surgical
tools and procedures, and viscoelastic substances, [7].

The advantages of implantation of pIOLs are:

• a reversible refractive procedure and
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• a preservation of the accommodative function with

• a minimal induction of HOAs compared with corneal photoablative procedures [86, 102].

pIOLs may be divided into anterior chamber and posterior chamber lenses, with anterior
chamber lenses being further divided into angle-supported and iris-fixated [86].

Angle-supported pIOLs were first implanted in 1986. Initial designs induced significant rates
of complications (corneal endothelial cell loss, chronic uveitis or pupil ovalization). These
lenses have shown good refractive results in the long term [58, 86, 87].

Despite this, as an intraocular procedure, it has potential-associated complications such as
cataract, chronic uveitis, pupil ovalization, corneal endothelial cell loss, pigmentary dispersion
syndrome, pupillary block glaucoma, astigmatism, or endophthalmitis [34].

6.1. Indications of phakic lenses

Patients with high myopia and who are poor candidates for laser correction.

6.1.1. Criteria

Age: 21–45 years with ACD of 3.0 mm or greater and Shaffer grade II as determined by
gonioscopy

Myopia ranging from −3 to −20 D

Astigmatism less than or equal to 2.5 D

Stable refraction (less than 0.5 D change for 6 months)

Clear crystalline lens

Ametropia not suitable, appropriate for excimer laser surgery

Unsatisfactory vision, intolerance of contact lenses, or spectacles

A minimum endothelial cell density

No ocular pathology such as corneal disorders, glaucoma, uveitis, maculopathy

6.1.2. Surgical procedure for anterior chamber angle-supported phakic IOL

Anterior chamber phakic IOL implantation can be performed under typical or peribulbar
anesthesia

Pilocarpine is instilled in the eye 30 min before surgery to protect the crystalline lens at the
time of IOL implantation

Creating a superior scleral tunnel or a temporal clear corneal incision (2-6.5 mm, of size,
according to the IOL model)

The anterior chamber is filled with cohesive viscoelastic
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The lens is introduced toward the angle from the incision (the first footplace is inserted in the
iridocorneal angle, the second haptic is then placed, avoiding having their folding over the
haptic)

The lens is then rotated with a lens dialer to the meridian in which the pupil is best centered
in relation to the IOL optic

A peripheral iridectomy is performed

The incision is closed

Removal of the viscoelastic

Topical antibiotics and corticosteroids are applied for times daily for 4–6 weeks

6.1.3. Surgical procedure for iris-fixated phakic IOLs

Preoperative application of topical pilocarpine

Corneal, limbal, or scleral tunnel incision (at least 5.3 or 6.3 mm)

The “claw” haptics are fixated to the iris by enclavation by two side-port incisions at 10 and 2
o’clock

The lens is implanted vertically through the incision, and rotated and centered in front of the
pupil with haptics at 3 and 9 o’clock positions

The anterior chamber is filled cohesive OVD material

Watertight wound closure

Removing of the OVD material

Antibiotics and corticosteroids are prescribed for 2–4 weeks.

6.1.4. Surgical technique for posterior chamber phakic IOLs

Topical mydriatics (combination cyclopentolate and phenylephrine), 30 min before surgery

Topical or peribulbar anesthesia

A 2.0–3.0 mm temporal clear corneal tunnel

Placement of cohesive OVD

The posterior chamber IOL is introduced into the anterior chamber

Each footplace is then placed one after the other beneath the iris

Intraoperative iridectomy (or 2 peripheral Nd:YAG laser iridotomis 2 weeks before surgery)

Removing of the OVD material

Acetylcholine chloride is injected
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Antibiotics and steroids eyedrops are used three times a day for 1 week with tapered doses
for 3 weeks and tropicamide 0.5% two times a day for 2 days.

There are a number of studies evaluating the outcomes obtained with the different models of
ICL, and therefore, there is a complete characterization of the refractive outcomes and
complications resulting from the implantation of this pIOL [2, 3, 4, 5, 47, 70, 90, 104].

6.2. Preoperative assessment and patient selection for pIOLs implantation [86]

A complete ophthalmological examination is performed before the suy and will include:

• a comprehensive clinical history;

• Visual acuities (uncorrected and best-corrected) visual acuity (using preferably optotypes
in logMAR scale under photopic conditions, 85 cd/m2);

• Refraction (objective, subjective, and cycloplegic);

• Biomicroscopy of anterior segment

• Intraocular pressure measurement (preferably Goldmann tonometry); scotopic pupillome‐
try; corneal topography; biometric analysis (axial length, white-to-white (WTW) distance,
and ACD); corneal endothelial analysis by means of a specular microscopy; binocularity
evaluation; and fundus evaluation.

The patient must be properly inform about the procedure and risks of the surgery.Spherical
hydrophilic contact lenses, toric hydrophilic and rigid gas permeable contact lenses must be
discontinued during a period of at least 1week before the preoperative examination, [80]. The
refractive error stability during at least 1 year before the intervention must be confirmed. The
principal indication for pIOL implantation includes prior contraindication of corneal refractive
surgery for myopic or hyperopic refractive error correction (including postsurgical central
keratometry below 36 D, RSB of <250 mm or residual central corneal thickness below 400 µm
after the programmed laser ablation) [86].

Contraindications of this type of implant for refractive error correction include the following:

Age under 18 years old (except in certain cases of anisometropic amblyopia with intolerance
to contact lenses and noncompliance with other less invasive treatment options) [9], previous
intraocular surgery, ACD (corneal endothelium-anterior surface of the crystalline lens) <3 mm,
glaucoma, history of uveitis, lenticular opacity, nontreated peripheral retinal lesions, scotopic
pupillary diameter of >7 mm, neuro-ophthalmological disease, pregnancy or breastfeeding,
and unrealistic expectations [17, 57].

Also, any condition associated to a potential zonular weakening and fragility of the ciliary
processes should be also considered as a contraindication for the implantation of PRL, such as
history of ocular trauma with secondary zonular damage, Marfan’ s syndrome diagnosis [42].
A preoperative evaluation of the zonule by means of ultrasound technology is indicated [86].
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6.3. Results

6.3.1. Results of angle-supported anterior chamber pIOLs [64]

Anterior chamber pIOLs generally demonstrate good predictability, efficacy, and safety.
However, there is a tendency toward undercorrection of the refractive error [58, 120].

6.3.2. Results of iris-fixated anterior chamber pIOLs [64]

Several studies with long follow-up demonstrated good predictability, efficacy, and safety of
the nontoric and toric pIOL models. With the toric pIOL models, larger amount of preoperative
astigmatism can be managed successfully [6, 38, 49, 51, 121].

6.3.3. Results of posterior chamber pIOLs [64]

Visual acuity, predictability, efficacy, and safety of the ICL (Staar Surgical Co.) and the phakic
refractive lens (PRL; Carl Zeiss Meditec) posterior chamber pIOL models are good. In a United
States Food and Drug Administration (FDA) study, the ICL pIOL showed good functional
results with a low complication rate (ICL, 2004). In a prospective study comparing matched
populations of laser in situ keratomileusis (LASIK) and Visian ICL implantation, the ICL
performed better than LASIK in almost all measures of safety, efficacy, predictability, and
stability (Sanders, 2007). In a few case reports, results with the toric posterior chamber pIOL
have been shown [63, 64]. Schallhorn et al. [64] report better results with the toric ICL than
with conventional PRK in a randomized prospective comparison of safety, efficacy, predicta‐
bility, and stability. In summary, pIOLs show good refractive and clinical results. They
demonstrate reversibility, high optical quality, potential gain in visual acuity in myopic
patients due to retinal magnification, and correction is not limited by corneal thickness or
topography. With proper anatomical conditions (especially sufficient ACD), pIOLs also show
good refractive and clinical results in hyperopic patients [22]. Phakic IOLs preserve corneal
architecture, asphericity, and accommodation. With recent innovations in the design of toric
pIOLs, spherocylindrical correction is also feasible. However, pIOL implantation is not
without complications. The spectrum of common and rare complications with each type of
pIOL is presented in the following section.

6.4. Complications

6.4.1. General complications of intraocular surgery [64]

With the increasing use of topical or parabulbar anesthesia, complications due to anesthesia
such as retrobulbar hemorrhage, penetration of the globe, or life-threatening systemic side
effects from accidental injection into the optic nerve are very rare.

Because implantation of a pIOL is an intraocular procedure, it bears a potential risk for the
development of postoperative endophthalmitis. The risk for this complication in general
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cataract surgery with implantation of a posterior chamber IOL is 0.1–0.7% with an optimal
antiseptic perioperative treatment regimen.

6.4.2. Complications of angle-supported anterior chamber pIOL

Loss of corneal endothelial cells

Pupil ovalization/iris retraction

Optical quality, glare, halos

Surgically induced astigmatism

Pigment dispersion or IOL deposits

Chronic inflammation or uveitis

Intraocular pressure elevation/pupillary block glaucoma

pIOL rotation

Cataractogenesis

Retinal detachment

Oddities

6.4.3. Complications of iris-fixated anterior chamber pIOL

Optical quality, glare, halos

Surgically induced astigmatism

Loss of corneal endothelial cells

Pigment dispersion/lens deposits

Intraocular pressure elevation

pIOL rotation

Cataractogenesis

Retinal detachment

Oddities

6.4.4. Complications of posterior chamber pIOL

Complications for the ICL and PRL are similar and are related to the position of the pIOL
between the rear surface of the iris and the front surface of the crystalline lens. Complications
such as cataractogenesis, pupillary bloc, and glaucoma are due to pIOL design materials
(www.ecavolunteer.org).

Optical quality, glare, halos
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Surgically induced astigmatism

Loss of corneal endothelial cells

Pigment dispersion/IOL deposits/intraocular pressure elevation

Chronic inflammation/uveitis

Pupil ovalization/iris retraction

Pupillary block/malignant glaucoma

Decentration/incorrect size/pIOL rotation

Cataractogenesis

Retinal detachment

Oddity: zonular dehiscence

7. Multifocal lens

These lenses have concentric ring segments that have two different focal lengths for distance
and near vision.

7.1. Toric lens

These lenses have a cylindrical power to address astigmatism.

8. Conclusion

The prevalence of refractive errors is high, affecting approximately one-third of persons 40
years or older in the United States and Western Europe. Myopia is the most common eye
disease and is one of the leading causes of vision impairment.

This chapter describes current surgical techniques used to correct myopia, including laser
correction (laser surgeries), incisional techniques, intrastromal corneal rings, pIOLs, and
refractive lensectomy.

Spectacles and contact lenses remain the first choice for correcting refractive error, but
refractive surgery, especially LASIK, is increasing significantly.

There are now several surgical techniques available for the treatment of myopia. The excimer
laser, and pIOLs and RLE are promising tools for refractive surgery. The techniques are still
developing, and it is certain that there will be significant advances in the future.
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Abstract

Strabismus can be distressing to our patients, yet often challenging to treat even in expe‐
rienced hands. The goal of this chapter is to clearly and concisely share with the reader
strategies and strabismus surgical techniques in common horizontal and vertical strabis‐
mus, that will improve the care of our patients. We describe indications for strabismus
surgery, how to plan for successful surgery results and do’s and don’ts regarding effec‐
tive surgical procedures. This includes incision techniques, muscle tightening and weak‐
ening procedures and transposition surgery, for rectus as well as oblique muscles. Advice
on how to avoid complications of strabismus surgery is also provided. The chapter is
based on evidence-based medicine where available and consensus and/or common sense
advice is provided where evidence-based medicine is not available. It is the intent of this
chapter to be a practical, usable guide helpful for surgeons of diverse experience, from
resident ophthalmologists to the expert strabismologist.

Keywords: Strabismus surgery, horizontal strabismus surgery, vertical strabismus sur‐
gery, esotropia, exotropia, inferior oblique overaction, superior oblique palsy, Harada–Ito

1. Introduction

Teaching strabismus surgical technique in the most common strabismus types is the goal of
this chapter. However, it is almost impossible to do on only one book chapter. Thus, this
chapter is simply an appetizer for further reading in well-known textbooks written by
experienced great strabismus surgeons who are mentioned here. This chapter aims to describe
indications for strabismus surgery, planning for a successful surgery result, and do's and don’ts
for effective surgical procedures for horizontal and vertical strabismus, including incision
techniques, muscle tightening, weakening procedures, and transposition surgery. In addition,
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complications are concerns of the chapter. Our hope is that this book chapter will help surgeons
of diverse experience and improve the care of strabismus patients.

2. The actions of the extraocular muscles

The actions of the extraocular muscles and the relative contributions of each muscle to the
various ocular positions are important to understand for planning surgery. The muscles act
together in order to produce smooth eye movements.

The horizontal recti have only one primary action, while the vertical and obliques each have
three actions, which vary depending on the horizontal position of the eye. The relative
strengths of these actions depend upon the direction of gaze. In abduction, the vertical muscles
have a vertical action only, but in adduction, they become tortors of the eye.

The superior rectus acts as an intortor in extreme adduction, but in abduction, intorsion is lost
and exchanged by its elevating primary function. The inferior rectus acts as an extorter when
the eye is in adduction; when the eye is abducted, it acts as a pure depressor.

The superior oblique acts as an intortor, depressor, and abductor. It is the principal intortor of
the eye produced by the anterior fibers of the tendon. The posterior fibers mediate depression.
In adduction, it becomes a pure depressor; in abduction, it is a pure intortor. The inferior
oblique acts as extorter, elevator, and abductor. It is the principal extorter of the eye. In extreme
adduction, it becomes a pure elevator; in abduction, it is a pure extortor.

These muscles act in concert with cooperation between ipsilateral and contralateral groups of
muscles, abiding Sherrington’s and Hering’s laws. Sherrington’s law of reciprocal innervation
describes that contraction of a muscle is accompanied by relaxation of its ipsilateral antagonist
muscle ensuring smooth movements of the eye. Hering’s law of equal innervation regards
binocular movements and explains that equal contractions occur in the muscles that are
contralateral synergists and ensures that equal movements of the two eyes occur, if both
muscles are normal.

3. Surgical indication and planning for success

The indications for strabismus surgery fall into two categories: binocular function and cosmetic
appearance with psychosocial impact. The indication and surgical goal should be based on the
patients need prior to surgery and direct the surgical plan in order to achieve a successful
result. Therefore, prior to surgery, the strabismus surgeon needs to establish the treatment
goals by asking “Why are we operating”? Is it to establish binocular fusion, eliminate diplopia,
expand the field of binocular vision, correct a compensatory head position, or improve
cosmetic appearance?

Signs of binocular fusion potential include intermittent strabismus, acquired strabismus,
binocular fusion after neutralizing the deviation with prisms, child <2 years old, equal vision,
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and incomitant strabismus with compensatory face turn. Patients with fusion potential
generally require large amounts of surgery, larger than standard surgical numbers to avoid
undercorrection. However, in patients without binocular fusion, it is better to do less surgery,
as a small residual esotropia is more stable and cosmetic acceptable than a consecutive
exotropia.

Furthermore, defining the whished function outcome influences the selection of type of
surgery. Monocular recession–resection surgery results in incomitance, which is not preferable
in a fusing patient, as incomitance can cause diplopia in eccentric positions of gaze. Monocular
surgery, however, is the procedure of choice for sensory strabismus to protect the seeing eye.

A specific strabismus diagnosis should be established preoperatively, and the exact etiology
of the strabismus should be determined, if impossible, by an MRI of the head and orbit may
be indicated. If the cause is unknown after a complete work up, then it is appropriate to operate
for the strabismus taking into account the ductions, versions, and presence of incomitance.

Each patient requires an individual surgical approach to the management of their strabismus,
but the following information and measurements may be of assistance as a guide for how much
muscle surgery is required for concomitant deviations without previous surgery or underlying
muscle or neurological pathology, particularly for those beginning strabismus surgery.

4. Horizontal concomitant deviations

Concomitant eso- and exodeviations are deviations with full ductions and the same deviation
in all fields of gaze. Many horizontal deviations have an accommodative element.

Different horizontal concomitant strabismus types require different considerations when
planning for successful strabismus surgery outcome and are therefore important to diagnose
exactly. A table guide in planning strabismus surgery is given in Table 1. The numbers have
been derived from Parks, with professor Dr. Kenneth Wright’s personal modifications
according to the professors own surgical experience [11, 13]. The measurement recommended
is only for concomitant deviations and should be altered based on the surgeon’s personal
results.

Binocular surgery

Esotropia

MR OU Recession LR OU resectiona

15Δ 3.0 mm 3.5 mm

20Δ 3.5 mm 4.5 mm

25Δ 4.0 mm 4.0 mm

30Δ 4.5 mm 6.0 mm

35Δ 5.0 mm 6.5 mm
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Binocular surgery

Esotropia

MR OU Recession LR OU resectiona

40Δ 5.5 mm 7.0 mm

50Δ 6.0 mm 8.0 mm

Exotropia

LR OU recessionb MR OU resection

15Δ 4.0 mm 3.0 mm

20Δ 5.0 mm 4.0 mm

25Δ 6.0 mm 5.0 mm

30Δ 7.0 mm 5.5 mm

35Δ 7.5 mm 6.0 mm

40Δ 8.0 mm 6.5 mm

50Δ 9.0 mm 7.0 mm

Monocular surgery

Esotropia

MR recession LR resectionb

15Δ 3.0 mm 3.5 mm

20Δ 3.5 mm 4.0 mm

25Δ 4.0 mm 5.0 mm

30Δ 4.5 mm 5.5 mm

35Δ 5.0 mm 6.0 mm

40Δ 5.5 mm 6.5 mm

50Δ 6.0 mm 7.0 mm

Exotropia

LR recessionb MR resection

15Δ 4.0 mm 3.0 mm

20Δ 5.0 mm 4.0 mm

25Δ 6.0 mm 4.5 mm

30Δ 6.5 mm 5.0 mm

35Δ 7.0 mm 5.5 mm

40Δ 7.5 mm 6.0 mm

50Δ 8.5 mm 6.5 mm

aWhen a lateral rectus resection is done for residual esotropia after a large medial rectus recession (6 mm or larger),
these numbers should be lowered.
bAvoid large LR recessions if lateral incomitance is present.
cIf the horizontal angle is greater for near deviation than distance deviation, relatively more should be done to the me‐
dial rectus than the lateral rectus and vice versa.

Table 1. Surgical numbers
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For angles >50, diopters perform bilateral surgery to more than 2 horizontal recti. This three
muscle surgeries may be planned for the primary operation. The amount of surgery may be
judged from the above tables. In adults, adjustable suture technique is recommended, placed
on the eye where two muscles are being operated.

Strabismus can be congenital or develop later in life giving rise to different consideration for
correct surgical strategy to choose. In the following, we will describe how to handle the most
common strabismus types of early and later onset strabismus.

4.1. Infantile esotropia (congenital esotropia)

Infantile esotropia is an esotropia present during the first 6 months of life. This includes several
types, with the most common being: small angle neonatal esotropia, accommodative infantile
esotropia, Ciancia’s syndrome, and congenital esotropia. The latter is described below.

The etiology of congenital esotropia is unknown, but genetic aspects are suspected. Congenital
esotropia (CE) is characterized by a large angel constant esotropia of 40 PD or more (Figure
1) and later developing motor dysfunctions, including inferior oblique overaction (IOOA)
(60%), dissociated vertical deviation (DVD) (40%), and latent nystagmus (40%). Low hyper‐
metropia is often present in an extent not giving indication for glasses. Amblyopia is present
in 50% of patients with CE, however vision screening in childhood may lower this occurrence
as described by Høeg et al. [17]. Smooth pursuit asymmetry is also often present as described
by Wright [14]. Spontaneous resolution is rare (<4%), as shown by the Congenital Esotropia
Observational Study (CEOS) if the angle is stable or increasing [6], which makes congenital
esotropia a surgical disease requiring strabismus surgery.

Figure 1. Infantile esotropia

Figure 2. Ciancia’s syndrome
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4.1.1. The management and preoperative evaluation

The management and preoperative evaluation includes examination of the following:

1. Ductions, which often has a mild limitation of abduction (-1), with intact abduction
saccades shown by doll head maneuver or vestibular stimulation. If limited abduction
and abduction saccadic movement, consider following differential diagnosis listed by
decreasing incidence: Ciancia’s syndrome with abduction deficiency and compensatory
head turn (Figure 2), Duane’s syndrome, congenital fibrosis syndrome, congenital VI
nerve palsy, and infantile myasthenia gravis.

2. Versions, to evaluate the presence of IOOA and V patterns

3. Amblyopia, which is revealed by strong fixation preference for one eye. Treat amblyopia
before surgery by patching the dominant eye 4 h per day and follow-up every 1 to 2 weeks
for small kids under 1 year (longer interval for older kids typically in Europe), until the
patient holds fixation with the nondominant eye. The patients’ cross-fixates usually
indicate the absence of amblyopia, unless strong fixation preference is present.

4. Deviation size by prism alternate cover test at near and distance deviations if possible,
verified by Krimsky testing. The near deviation measure is most reliable and therefore
used as the surgical measure.

5. Cycloplegic refraction using cyclopentolate 1% one or two doses, 5 min apart, followed
by refraction 30 min after last dose. If the cycloplegic refraction shows >+3.00 sphere, then
prescribe the full hypermetropic correction. Repeat the cycloplegia if fluctuating readings
is found on retinoscopy. After wearing the full correction constantly for 1 month, evaluate
the patient for fixation preference. If an esodeviation of >10 PD persists after prescribing
the full hypermetropic correction, surgery is indicated.

The timing of surgery for congenital esotropia is controversial, as no randomized clinical
controlled trials have never been conducted due to ethical aspects and low incidence. There‐
fore, different approaches are used in different continents. In the United States, early surgery
(before 2 years of age) is performed routinely when the CEOS [6,7] parameters are present (i.e.,
angle ≥  40 PD esotropia, constant, or increasing) supported by Wiesel and Hubel’s [10] famous
study regarding binocular interaction in the striate cortex of kittens reared with artificial squint
that showed loss of binocular cells. In addition, most references recommend that surgery
should be performed between 6 months and 1 year of age in order to achieve peripheral fusion
and low-grade stereo acuity. Furthermore, one of the authors reported results from very early
surgery showing high-grade stereo acuity after surgical correction between 3 and 4 months of
age [15].

The surgical procedure of choice depends on age, fusion potential, and visual acuity. Bilateral
medial rectus (MR) muscle recession using the near deviation as the target angle is the
preferred strategy in infants without amblyopia. Patients with irreversible dense amblyopia
should have monocular surgery on the amblyopic eye (recession-tightening procedure) to
avoid surgical risk to the sound eye.
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The goal of surgery is to align the eyes early to within 8 to 10 PD to stimulate the development
of binocular fusion, as described by Dr. Marshall Parks. Larger esotropia will not allow
binocular fusion. Therefore, a residual esotropia of 10 PD or larger should be considered for
further treatment. The standard surgical chart (Appendix I) numbers are designed to give
infants with possible fusion potential a slight immediate overcorrection (5–10 PD exotropia).
This is desired as fusional convergence will pull the eyes together to become straight, fusing
the small exotropia. However, patients with poor prognosis for binocular fusion (e.g., older
patients >2 years old, and patients with dense irreversible amblyopia 20/50 or worse) due to
long-standing congenital esotropia should be considered for surgery based on cosmetic
indications. In these older patients with poor fusion potential, the surgeon should aim to
slightly undercorrect and leave an esotropia of 6 to 8 PD. Using the chart numbers will correctly
result in a desired slight undercorrection in older patients with poor fusion potential that
predisposes to drift outward to exotropia with time. Therefore, the surgical chart numbers can
be used for all patients as they self-adjust for age and fusion potential. In general, patients
older than 2 years with uncorrected infantile esotropia have a poorer prognosis for binocular
fusion. Even older patients, however, will occasionally show an outcome of good binocular
function and some degree of stereo acuity; this could be caused by an inaccurate anamnesis.

Residual esotropia of at least 10 PD first repeat the cycloplegic refraction and prescribe the full
hypermetropic correction if 1.5 sphere or more to correct ET to within 10 PD. If there persists
a residual ET of 15 PD or more after prescribing glasses, then consider further surgery. If the
primary surgery was bilateral MR recession of 5 mm or less, both medial rectus muscles can
be further recessed. However, if the primary bilateral MR recessions were >5 mm, both lateral
recti would be resect with reduced standard numbers of 1.5 mm to avoid consecutive exotropia,
which is a common occurrence after LR resections for residual esotropia.

Consecutive exotropia of ≥  15 PD that does not improve over 2–3 months may be surgically
corrected. If there is full ductions, slipped medial rectus muscle is ruled out and bilateral
medial rectus recession should be performed. If there is limited adduction, slipped muscle or
stretch scar of the medial rectus muscles is suspected and should be addressed by exploring
the medial muscle and advancing the muscle if it is found to be slipped using nonabsorbable
suture to avoid re-slippage [4].

Inferior oblique overaction (IOOA) is often bilateral and associated with IE, developing after
1.5 years of age. If significant IOOA (≥  +2) is present, a weakening inferior-graded anteriori‐
zation of the IO is indicated concurrent with the horizontal surgery, performed as a one stage
surgery without modifying the amount of horizontal surgery. This IO weakening procedure
reduces the V pattern, eliminates the IOOA, and reduces the dissociated vertical deviation
(DVD), which will be described later in this chapter.

Prognosis for motor alignment and binocularity is good for surgical cases in hands of trained
surgeons. Alignment to within 10 PD of orthotropia can be achieved in 80%. If this is achieved
before 2 years of age, about 70% achieve some degree of peripheral fusion and gross stereopsis
(monofixation syndrome). Very early surgery (3–4 months of age) increases the chance of
binocular fusion and high-grade stereo acuity. Late surgery (after 2 years of age) minimizes
the chance of obtaining binocular fusion.
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4.2. Acquired esotropia (accommodative esotropia)

Acquired esotropia is a subacute emergency that requires urgent consult for two reasons: (1)
fusion potential diminishes in proportion to the duration of ET while early intervention is
important to restore high-grade binocular fusion. Prompt dispensing of hypermetropic
spectacle correction is therefore important to correct the esotropia totally or partially and
reduce the occurrence of amblyopia. (2) Acquired esotropia can be the presenting sign of
intracranial (brain tumor, Arnold–Chiari malformation) or neurological disease (myasthenia
gravis or chronic progressive external ophthalmoplegia) causing a sixth nerve paresis, which
can be concomitant in the beginning as described by Buch Hesgaard and Vinding [1].

The most common types of acquired esotropia are the accommodative, the nonaccommoda‐
tive, the cyclic, and the sensory esotropia. These often have an intermittent beginning. More
seldom acute acquired concomitant esotropia develops [1]. Only the most frequent type, i.e.,
accommodative esotropia, will be described. Accommodative esotropia can have an infantile
onset at 2 months to 1 year of age but typically develop between 1 and 3 years of age. It is
characterized by initially intermittent with progression to constant moderate to large angle of
deviation (20–50 PD) associated with hypermetropia (+2.00 to +6.00 sphere). The deviation is
often initially intermittent and becomes constant.

The etiology is related to hypermetropia that necessitates increased accommodation for the
child to achieve a clear image. This overaccommodation results in overconvergence and
esotropia, depending on the AC/A ratio and divergence amplitudes.

The goal is to establish straight eyes within 8 to 10 PD of orthotropia to stimulate binocular
fusion. This can be achieved in some patients with optical correction alone, and surgery is not
indicated then. The patients that do not get straight eyes wearing full hypermetropic correc‐
tion, as the child in Figure 3, needs urgent surgery. Therefore, these patients should be
aggressively treated with early optical correction and surgery if indicated to avoid or treat
amblyopia and stimulate binocular function in the small kids (2 months to 2 years), restore
binocularity in older children (2 years to 6 years), and eliminate diplopia and regain stereo
acuity in the children over 6 years of age. The younger the children the more vulnerable is the
binocularity, and visibility could be lost if treatment is delayed. These authors agree with the
late Dr. Marshall Parks that recent onset accommodative esotropia is an ophthalmic emergen‐
cy, and the patient should be seen at an urgent appointment.

Figure 3. Partially accommodative esotropia
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4.2.1. The management and preoperative evaluation

The management and preoperative evaluation includes the same examination procedures as
patients with infantile esotropia, including the examination of ductions, versions, and
evaluation for and treatment of amblyopia after full hypermetropic correcting spectacles is
prescribed, following the same method as described previously. Then if residual esotropia
persists (>10 PD), surgery is indicated. However, important additional preoperative orthoptic
considerations and examinations are necessary:

1. Urgent performance of cycloplegic refraction and prescription of the full hypermetropic
correction, even at babies only 2 months of age, is necessary in order to avoid development
of amblyopia and loss of binocularity that is lost proportionally with the time after onset.
There are 3 common responses to prescribing full hypermetropic spectacles for acquired
accommodative esotropia: (a) correction results in ortotropia (<8 PD) for distance and near
deviations. Single vision glasses are to be continued, and surgery is not indicated. This is
termed accommodative esotropia. (b) Correction results in correction for distance, but
there is a residual esotropia >10 PD for near deviation. Measure the AC/A ratio, and if the
AC/A ratio is high in accommodative esotropia, prescribe bifocal spectacles and surgery
can be indicated if the angle is only partially corrected with bifocal spectacles as described
below. (c) Correction results in a residual esotropia >10 PD for both distance and near
deviations, i.e., partially accommodative esotropia, and requires single vision glasses to
be continued and surgery is indicated as described below.

2. Measure the AC/A ratio. It is vital to know the AC/A ratio in those with convergence
excess esotropia and those with distance exotropia in making the definitive diagnosis and
management plan. The gradient method of measuring AC/A ratio is the most accurate
method to use, measuring the angle at near deviation with full hypermetropic correction,
without (-L) and with (+L) +3 diopter (D) sphere lens: -L - (+L) / 3D. Specifically for
esodeviations, if the AC/A ratio is high (≥  5:1) in a child with accommodative esotropia,
bifocals should be prescribed (not in infantile accommodative esotropia because of the
age). This is the case if the full hypermetropic correction corrects the distance deviation
resulting in fusion (i.e., ET <10 PD), but a residual esotropia persists at near deviation that
cannot be fused (i.e., ET 10 PD), then prescribe a bifocal add. Prescribe the least amount
of near deviation add to obtain fusion at near deviation, i.e., +2.50 to +3 sphere add—a flat
top bifocal that splits the pupil.

Lens gradient formula:

• Dev w lens = deviation in prism diopters measured with the inducing lenses

• Dev org = original deviation in prism diopters without the lens

• Lens power (denominator) = inducing lens power in diopters

Dev org.-Dev w lensAC/A=
Lens power
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For AC/A formulas, exodeviations are minus and esodeviations are plus:

Normal AC/A ratio = 4 to 5 PD/D

Example: The patient, in Figure 4, has a deviation of ET 20 with full hypermetropic correction
but without extra lenses. When +3.00 lenses are placed over both eyes, as illustrated in Figure
5, the patient does not have to accommodate 3 diopter-inducing divergence so the deviation
now measures ET 5. The AC/A ratio is calculated below and is 5 PD/D:

( )AC/A = +20 PD – +5 PD  / +3D
+20 PD-5 / +3D
+15 PD /+3D =5 PD/D

Figure 4. ET without extra lenses.

Figure 5. Less ET with +3.00 lenses placed over the eyes.

3. Test for binocularity and stereo acuity using Bagolini-striated test, Titmus, Lang, or TNO
test with correcting prism bar, depending on the age of the child and level of stereo acuity
present. The surgeon should aim to slightly overcorrect those patients with binocular
potential but undercorrect those patients with no binocular function, e.g., long-standing
acquired esotropia, which is often seen in Europe. Since accommodative esotropia is
acquired, and the eyes are aligned during the early period of visual development, most
patients have good binocular potential at the onset of the esotropia.
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The goal is to achieve orthotropia within 10 PD of esotropia to establish high-grade stereo
acuity. The surgical goal for partially accommodative esotropia is not to operate patients out of
glasses but to achieve alignment and fusion with full hypermetropic correction. Patients
having cycloplegic refraction of +2.5 sphere or more will require their hypermetropic spectacles
after surgery to maintain a stable angle. Surgery is indicated if residual esotropia of >10 PD
persists with full hypermetropic correction worn for 2 months. Surgery is urgent as the longer
the esotropia persists, the worse the prognosis for establishing binocular fusion. For infants,
distance measurements are difficult to obtain; try to get this measurement but base the surgery
on the near deviation. Therefore, surgery for infantile partially accommodative esotropia requires
bilateral medial rectus recessions augmented surgery (Wright and Bruce-Lyle 1998) using the
augmented formula, i.e., for a target angle between the deviation with and without hyperme‐
tropic correction. Average the near deviation with correction and the near deviation without
correction or bilateral MR recessions 5.5 mm (see Appendix I on surgical numbers). Bilateral
medial rectus recessions are also the treatment of choice for partially accommodative esotropia
in older children. It is recommended to use the “augmented surgery formula” developed by
Professor Wright to achieve alignment. This formula have improved outcome by increasing
the alignment success rate from 70% to 90% by increasing the amount of surgery [16].

Surgery is indicated in high AC/A ratio accommodative esotropia if there is a significant esotropia
in the distance that disrupts fusion, even if a bifocal add results in fusion at near deviation. A
relatively small distance deviation and large near measurement is more difficult to manage as
the near distance discrepancy tends to persists postoperatively. It is recommended to perform
bilateral medial recessions using a target angle based on the augmented formula with slight
reduction in the numbers to prevent consecutive exotropia at distance. The patients should be
informed that bifocal spectacles may be required after surgery.

There are 3 methods for determining the target angle for partially accommodative ET. These
are described in the following examples:

Nsc ET 60 Ncc ET 40
Dsc ET 50 Dcc ET 30

1. Standard surgery formula uses the residual distance deviation with full hypermetropic
correction as the target angle. It gives the highest rate of undercorrection (25%–30%), for
example, Dcc ET 30 PD; target angle: 30 PD; surgery: BMR recessions 4.50 mm.

2. Augmented surgery formula uses the target angle, which is the average between near
deviation without correction (largest) and distance deviation with correction (smallest).
This improves successful results to >90% [16], for example, average Nsc ET 60 PD and Dcc
ET 30 PD; target angle: 45 PD; surgery: BMR recessions 5.75 mm.

3. Prism adaptation determines the target angle by placing a base out press-on prism for the
full deviation on the patient’s glasses. Then have the patient wear the glasses for 1 week.
The deviation is then remeasured, and if it increases, additional base out prism is applied.
This process is repeated until the deviation is stabilized. Prescribe 30 PD base out press-
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on prisms over full hypermetropic correction and return in 1 week. At follow-up visit,
there is no change in the deviation, after placing the 30 PD base put prism; target angle:
30 PD; surgery: BMR recessions 4.50 mm.

4.2.2. Postoperative management of partially accommodative esotropia

A residual esotropia larger than 10 PD will not allow binocular fusion and should be consid‐
ered for further treatment as described above, by repeating cycloplegic refraction, prescribe
full hypermetropic correction, and if there persists a residual esotropia at distance and near
deviations of >10 PD, then consider further surgery if the patient has fusion potential.

Patients with preoperative high AC/A ratio will often have a residual esotropia at near
deviation after surgery. To establish fusion at near deviation, bifocal add (+2.00 to +3.00 sphere)
is required if the residual esotropia at near deviation is >10 PD, but the eyes are aligned at
distance.

On the other hand, if a small consecutive exotropia of >10 PD results from surgery, try reducing
the hypermetropic correction but not more than +2D as this leads to alignment instability. If
the exotropic angle persists more than 3 months, reoperation should be considered. If the
exotropia is large and associated with even mild adduction deficit, stretched scar or slipped
muscle should be suspected, and the medial muscle should be explored and advanced if there
is an insertion dehiscence. Surgery plan is the same as for consecutive exotropia as described
above in congenital esotropia.

4.3. Exotropia (intermittent exotropia)

The normal eye position of rest is divergent due to the divergent positioning of the orbits.
Therefore, small exophorias <10 PD are considered normal and the innate fusional convergence
is strong (25 PD), facilitating fusion of small exodeviations.

Intermittent exotropia is a large exophoria (usually between 20 and 40 PD) that is difficult to
fuse and intermittently breaks down and manifests especially when fatigued, daydreaming,
or takes sedatives or drinking alcohol. Patients with intermittent exotropia have perfect
stereoacuity when aligned (phoria phase), but no stereoacuity when tropic because the patient
suppress the image from the deviated eye (tropia phase). Rarely patients will see double or
have ARC when tropic. This is the case in patients with late onset exotropia during late
childhood or adulthood. Patients with intermittent exotropia do not get strabismuc amblyopia
because they have intermittent binocular fusion with high-grade stereoacuity that provides
binocular visual stimulation. Patients with intermittent exotropia can have anisometropic
amblyopia with the same incidence as the general population. Approximately 80% of inter‐
mittent exotropia patients will show progressive loss of fusion control and increase in the
exotropia with time.

Figures 6 and 7 show a child with intermittent exotropia and straight eyes when the deviation
is fused (phoria phase), and moments later, where the patient lost concentration, fusion broke
and exodeviation became manifest (tropia phase).
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4.3.1. The management and preoperative evaluation

For the most part, the treatment of intermittent exotropia is surgical. The indication for surgery
is poor fusion control. Large deviations over 20 PD will eventually need surgery as they are
difficult to fuse and will increase over time.

Small to moderate exodeviations (<20 PD) are usually well controlled and do not need
treatment but can temporally be treated nonsurgically, but this is rarely effective in the long
term. Nonsurgical options is not effective except for convergence exercises for convergence
insufficiency, which is the preferred management in that disorder. Convergence exercises
consist of pencil push-ups, which improve fusional convergence for near deviation, useful for
convergence insufficiency, but will not reduce the distance exodeviation. Other nonsurgical
treatment options is over minus glasses and monocular occlusion. Over minus glasses reduce
the exotropia by stimulating accommodative convergence, which is not well tolerated because
it requires the patient to constantly overaccommodate. It can be used for small angle exotropia
(<15 PD) associated with concurrent myopia. Increase myopic correction by -2.5 sphere over
existing correction. Monocular occlusion by patching the dominant eye for 2 to 4 h a day has
been described, but recent prospective study shows no significant effect [8].

Figure 6. Intermittent exotropia, tropia phase.

Figure 7. Intermittent exotropia, phoria phase.
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A surgical indication is poor fusion control. If the deviation is difficult to control and becomes
manifest more than 50% of waking hours, then surgery is indicated. In general, it is preferable
to operate after 4 years of age. This is because a small consecutive esotropia can occur after
surgery, and as young children have the ability to suppress and develop amblyopia, they can
loose stereoacuity after surgery. Older children with deviations greater than 20 PD are difficult
to fuse and can causes eye strain, so these patients should be considered for surgery.

4.3.2. Surgical plan

The procedure of choice for intermittent exotropia is bilateral rectus recessions. Monocular
recess/resect procedures induce incomitance and cause diplopia in side gaze. A small consec‐
utive esotropia (4–8 PD) immediately after surgery is desirable as the late recurrence of the
exotropia is common. This consecutive exotropia will cause diplopia but usually resolve in a
few days. The standard surgical number chart (Appendix I) have this small overcorrection
built in.

The pattern of the deviation is important for determining the surgical plan. Exopatterns are
classified based on difference of deviation, distance deviation versus near deviation: (1) basic,
(2) convergence insufficiency, and (3) divergence excess divided into pseudo and true
divergence excess.

1. The basic type of intermittent exotropia is responsible for 60% and have a similar deviation
distance and near deviations, e.g., Dsc X (T) 30 and Nsc X(T): 35; target angle = XT 35
bilateral LR recessions.

2. Convergence insufficiency intermittent exotropia type includes patients with weak
convergence with a greater esotropia for near deviation. If the eyes are straight for
distance, it is best to avoid surgery and treat with convergence exercises. Convergence
insufficiency is the one strabismus that can be helped by exercises, e.g., Dsc Ortho. Nsc
X(T) 30; plan: convergence exercises—no surgery.

3. Note: If there is a significant X(T) >15 PD in the distance, then consider bilateral lateral
rectus recessions for 5 PD more than the distance angle. Patients will require convergence
exercises after surgery for an X(T) at near deviation.

4. Divergence excess X(T) intermittent is when the exotropia is larger for distance than near,
by at least 10 PD, e.g., N X(T) 15. D X(T) 30. There are 2 types of divergence excess:

a. Pseudo (90%) – tenacious fusional convergence

b. True (10%) – high AC/A ratio

Tenacious fusional convergence is near convergence that persists for several minutes after
monocular occlusion. Patients with pseudo divergence pattern intermittent exotropia have
strong tenacious fusional convergence that “falsely” diminishes the near deviation. Patching
one eye for 45 min breaks tenacious fusional convergence. If the near exodeviation increases
to be similar to the distance angle, e.g., 30 PD X(T) after the patch test, this indicates pseudo
divergence excess, and bilateral LR recessions with a target angle of 30 PD is indicated. If the
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near exodeviation does not increase with the patch test, this indicates true divergence excess
and is associated with a high AC/A ratio. Bilateral LR recessions with target angle somewhere
between distance and near deviations; see example below:

Dsc X(T) 30, Nsc X(T) 15 →  patch test →  Nsc X(T) 15. Target angle = 20–25 PD.

Patients with true divergence excess have a high AC/A ratio, and there is a high incidence of
persistent esotropia and diplopia at near after surgery. Therefore, bifocals and more than one
surgery are likely, and patients should be told this preoperatively.

4.3.3. Postoperative management

The immediate postoperative goal of surgery for intermittent exotropia is to achieve a small
consecutive esodeviation of about 5 PD esotropia; in the long term, it is common for exotropia
to recur. Larger consecutive esodeviations will often require further surgery. Children under
4 years of age with a small consecutive esotropia can rapidly develop amblyopia. That is why
Dr. Wright suggests to postpone surgery to after 4 years of age if possible. However, if
absolutely indicated because of loss of stereoacuity, part-time (2–3 h a day) alternate eye
occlusion therapy may prevent amblyopia until the esotropia resolves. In older patients, the
initial consecutive esotropia causes diplopia, and therefore it is important to inform the
patients that diplopia may be present for some weeks to achieve a better long-term result.
Hardesty et al. [2] has suggested prescribing prism glasses in the early postoperative period
to neutralize the esodeviation and leave a small esophoria to stimulate divergence. For a
persistent esotropia, after a week in a patient of any age, consider prescribing base out prism
glasses to eliminate the diplopia and preserve binocular fusion. Give just enough prism to
allow fusion while leaving a small esophoria to build divergence. If after 4 to 6 weeks the
esotropia persists, then additional strabismus surgery should be considered. Either advance
the lateral rectus muscle or recess the medial rectus muscles. Consider the possibility of a
slipped lateral rectus muscle if abduction is limited and the esotropia is greater for distance.
If the lateral has slipped, resect the stretched scar and replace at the intended recession point.

5. Vertical concomitant deviations

Vertical deviations can be caused in 3 different ways, which will be described as follows: (1)
overaction of the rectus muscles, i.e., superior rectus muscles, ipsilateral dissociated vertical
deviations (DVD); (2) dysfunction of the horizontal rectus muscles, i.e., pattern deviations (A
and V patterns); and (3) overaction of the superior and inferior oblique muscles, i.e., primary
or secondary to ipsilateral IV nerve palsy or contralateral superior rectus palsy.

All the preoperative examinations and considerations previously mentioned should be
performed, but additionally two important orthoptic tests are necessary to find the correct
diagnosis and plan the surgery for successful results. These tests that assist the surgeon in the
diagnosis of vertical muscle weakness in patients with vertical strabismus are (1) the three-
step test and (2) the Bielchowsky head tilt test.
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1. Dr. Parks described the classical three-step test for diagnosing a cyclovertical muscle
palsy. It helps to differentiate SOP from contralateral superior rectus palsy and to detect
bilateral SOP and includes the following:

Step 1.cover test identifies which eye is hypertropic. The elevators of the low eye (IO or SR)
or the depressors of the high eye (SO or IR) are affected.

Step 2.Side gaze to the right and left changes the degree of height. If the height increases when
the eyes move away from the high eye, the possible weak muscle is either SO of the adducted
eye or the contralateral SR (elevates the eye in abduction). Conversely, if the height increases
when the eye move in the direction of the higher eye, it suggests either weak IR of the abducted
eye (depresses the eye in abduction) or weak IO of the contralateral adducted eye.

Step 3.determine the hypertropia in up- and downgaze by cover test. This identifies which of
the contralateral muscles is responsible for the vertical deviation. A modification to make this
easier is “Wright’s rule” described by Dr. Wright, which is a 2-step process: (1) Do the head
tilt test first. If the hypertropia increases on head tilt to the side if the hypertropia, this indicates
an oblique muscle palsy, and if the hypertropia increases opposite to the hypertropia, it is a
rectus muscle palsy. (2) Test horizontal gaze to see where the hypertropia is greatest and match
to the field of action of the cyclovertical muscle in question from step 1.

2. The Bielchowsky head tilt test helps to further identify a superior oblique weakness. When
the head is tilted to the right, the right eye intorts by action of the intorters (SO and SR)
of the eye, and their vertical pulls cancel each other if both are healthy. However, if the
SO is weak, the moderately unopposed SR causes a hypertropia to develop in the intorting
eye, as illustrated in Figure 8.

Figure 8. Explanation of the Bielchowsky head tilt test.

When the correct diagnosis and the weak muscle have been found, a plan for successful
strabismus surgery outcome can be made by using the following five-step guideline:
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When the correct diagnosis and the weak muscle have been found, a plan for successful
strabismus surgery outcome can be made by using the following five-step guideline:
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1. Choose the right muscle to work on. In concomitant deviations, the balance between the
vertical rectus muscles (which elevate and depress the eye in abduction) and the obliques
(which elevate and depress in adduction) must be maintained. Therefore, always work
on ipsilateral antagonists and contralateral synergists.

2. Choose the right amount of muscle surgery. However, it is more difficult to provide
guidance tables for vertical deviations as they are less likely than horizontal deviations to
be concomitant. A rule of thumb for vertical surgery is 3 prism diopters of vertical
correction for every millimeter of recession of height in the primary position.

3. Aim to correct a vertical deviation in primary position and downgaze principally; upgaze
is much less important.

4. Inferior rectus recessions can result in late overcorrection [3]. Therefore, great care must
be taken with this muscle and aim to be conservative, and do not recess the inferior rectus
muscle more than 5 mm to 6 mm. Superior rectus recessions for dissociated vertical
deviation (DVD) must be large, on the other hand.

5. Long-standing vertical deviations, especially due to thyroid eye disease and congenital
IV nerve palsies, should be slightly undercorrected due to large vertical fusional reserves.

5.1. Dissociated vertical deviation

Dissociated vertical deviation (DVD) occurs in patients with infantile esotropia and can occur
with any disorder that disrupts normal binocular visual development. DVD is commonly
associated with CE in Europe, where late surgery is the timing of choice. However, the
incidence of surgery demanding severe DVD has dropped in the United States, probably due
to early surgery with better sensory outcome. DVD is typically latent. However, when one eye
is occluded (Figure 9), or when the patient is fatigued or daydreaming, it manifests, having
three components: elevation, abduction, and extorsion. The vertical component is predomi‐
nant. DVD is characterized by slow drift of one eye up and out with extorsion. It is usually
bilateral and asymmetric and can be distinguished from a true hypertropia by the lack of a
corresponding hypotropia in the contralateral eye, when the hypertropic eye returns to
primary position. The indication for surgery for DVD is primarily based on the patients
psychosocial requirements.

Figure 9. Bilateral DVD with a right hypertropia with the right eye covered and left hypertropia with the left eye cov‐
ered.
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Surgery is indicated if the deviation is larger than 10 PD, increases in frequency, and becomes
obvious or symptomatic. Surgery for DVD is ipsilateral large superior rectus recession often
between 5 mm to a maximum of 9 mm (fixed suture technique) as suggested by professor Dr.
K. Wright.

Most cases require bilateral surgery. If the DVD is asymmetric, perform asymmetric superior
rectus recessions. Unilateral surgery is indicated in patients with amblyopia >2 lines, which
will not fixate with the amblyopic eye, where ipsilateral superior rectus recession is indicated.
If DVD and inferior oblique overaction coexist, an inferior oblique anteriorization procedure
is indicated and sufficient in most cases. Only in severe cases combined surgery of inferior
oblique anteriorization and superior rectus recession is necessary. In this case, the superior
rectus recession should be minimized to avoid limitation of up gaze.

5.2. Pattern (A and V) deviations

These are patterns of strabismus in which the horizontal deviation alters on upgaze and
downgaze so that the pattern resembles the letter A or V and is considered significant if the
horizontal angle varies by more than 10 PD (A pattern) or 15 PD (V pattern) diopters between
up- and downgaze. An example of a V pattern esotropia is shown in Figure 10. The underlying
cause may be as follows: (1) horizontal muscle dysfunction caused by abnormal insertion or
action of the medial/lateral recti (spontaneously or secondary to surgery); (2) vertical rectus
dysfunction (tight superior rectus/inferior rectus muscle weakness for A pattern and vice versa
for V pattern), or (3) oblique muscles dysfunction (inferior oblique under action/superior
oblique overaction for A patterns and vice versa for V patterns).

Figure 10. An example of a V pattern esotropia with arrow pattern.
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5.3. Treatment of A and V patterns

If the pattern is small, not affecting fusion and not causing a compensatory head position, then
it can be observed. If the pattern is significant and symptom producing, the treatment of choice
is either by inducing an abnormal head posture to maintain binocular vision or by interfering
with maintenance of binocular function binocular surgery. The surgical procedure depends
on underlying muscle dysfunction. If the pattern is due to horizontal rectus muscle dysfunction
without oblique and vertical rectus muscle dysfunction, surgery should be carried out to the
horizontal rectus muscles and should be combined with recession ± resection of these muscles
to treat any associated eso- or exotropia in primary position. In bilateral surgery, the surgeon
needs to elevate or depress the positions of medial or lateral rectus insertions. This is done by
symmetrical full tendon vertical transposition surgery to contralateral MRs or LRs. The
surgeon needs to move MRs toward the apex of the pattern (upward in A pattern and
downward for V pattern, i.e., in the direction of the greatest esodeviation) or LRs away from
the apex of the pattern (downward for A pattern and upward for V pattern, in the direction
of the greatest exodeviation), as illustrated in Figure 11. The pattern breaking effect can be
increased by recessing the upper or lower margin of the appropriate transposed horizontal
muscle insertion 2 mm more in the direction where more weakening is required.

Figure 11. Move MRs toward the apex of the pattern or LRs away from the apex of the pattern.

When unilateral recess/resect surgery is indicated, i.e., cases with unilateral amblyopia, or
strabismus with equal near and distance angles, the horizontal rectus muscles are transposed
elevating RL and depressing MR in V pattern and vice versa for A pattern. To increase the
effect, the rectus muscles can be resutured to the globe with the upper and lower parts of the
insertion placed at different distances from the limbus, e.g., place the lower margin of the
medial rectus in a preferentially weaker position than upper margin, and vice versa for lateral
rectus muscles in V patterns. Some authors [5] even prefer this repositioning to elevating or
depressing the insertions as it reduces the risk of inducing unwanted torsion effects.

Each horizontal muscle is resected or recessed as specified by the magnitude of the horizontal
deviation. Half width elevation or depression collapses pattern by 10 to 15 PD diopters. Full-
width elevation or depression collapses pattern by up to 25 diopters. The latter is used for
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patterns exceeding 25 PD. Expect relatively more effect for the surgical amounts for larger
pattern deviations.

If oblique overaction is present, appropriate oblique muscle surgery should be performed.

5.4. Inferior oblique overaction and superior oblique palsy

Inferior oblique overaction (IOOA) is a common form of strabismus. It can be primary
(idiopathic) or secondary caused by a superior oblique palsy (SOP). The clinician can give the
right diagnose by performing the head tilt test. With primary IOOA, head tilt test is negative,
and with SOP, head tilt is positive.

Figure 12 shows a +3 left IOOA with left upshoot on right gaze. Right eye is fixing, allowing
the left adducting eye to elevate. Bilateral IOOA is associated with a V pattern because the
inferior oblique muscles are abductors in the field of action in upgaze.

Figure 12. IOOA left eye.

5.4.1. Primary IOOA

Primary IOOA is usually bilateral and asymmetrical. It is often associated with horizontal
strabismus, typically infantile esotropia (60%), but it can occur isolated. Signs of IOOA are
upshoot in adduction, V pattern, and extorsion on fundus examination. The V pattern
associated with primary IOOA is a Y with little or no change in the horizontal deviation from
primary to downgaze. This patient had an upgaze preference and adopted chin down
posturing to obtain binocular fusion (Figure 13).

5.4.2. Secondary IOOA (superior oblique palsy)

Secondary IOOA is most commonly due to a unilateral congenital SOP and less commonly
bilateral acquired SOP. Differences and characteristics of unilateral and bilateral SOP are
summarized in Table 2. Since the SO muscle is a depressor, a weak SO muscle can cause an
ipsilateral IOOP and hypertropia in primary. A bilateral SOP will have cancelling hypertropia,
so typically there is a small or no hypertropia in primary position. The key sign of SOP is
hypertropia with the hypertropia increasing on tilt to the same side as the hypertropia and
hypertropia increasing on horizontal gaze opposite to the hypertropia, as shown on photos
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below. In addition, patients with unilateral SOP will adopt a compensatory head tilt opposite
to the side of the SOP to facilitate binocular fusion (R-SOP compensates with tilt left). In
primary IOOA, the head tilt is negative, but the extorsion can be seen on fundus exam. Patients
with congenital SOP do not have subjective extorsion. However, patients with acquired SOP
will experience torsional diplopia that can be measured on Maddox rod testing.

Clinical sign Unilateral Bilateral

Hyper in primary Large >5 PD Small <5 PD

“V” pattern Small <10 PD Large >10 PD

Maddox rod Extorsion <10° Extorsion >10°

Head tilt test Hyper increases on tilt to the side of the palsy RH tilt R and LH tilt L

Table 2. Unilateral versus bilateral superior oblique paresis

5.4.3. Congenital SO palsy

Congenital SO palsy is usually unilateral with a relatively large hypertropia (10–30 PD), which
is intermittently binocular fused so the eyes appear well aligned, facilitated by a compensatory
head tilt and face turn away from the hypertropia. Therefore, facial asymmetry is common
with the smaller side opposite to the SO palsy, as shown in Figure 14.

Patients with congenital SO palsy usually have excellent stereoacuity and have exaggerated
vertical fusion amplitudes, and they can fuse large hyperdeviations up to 25 to 30 PD, whereas

Figure 13. V pattern esotropia with compensatory chin down head posture.
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normal vertical fusion amplitudes are at 2–3 PD. The hypertropia will manifest when the
patient is fatigued, much like patients with intermittent exotropia. When tropic, patients
usually suppress diplopia, but some will note double vision. There is usually a significant
IOOA with minimal under action of the SO. The etiology of congenital SO palsy is unknown,
but some cases have been associated with a lax or absent SO tendon (rare).

Patients typically have control over the deviation in younger age, but as fusional control
weakens over time, they may present late even as senior adults with intermittent vertical
strabismus and manifest the hyperdeviation when they are fatigued. Typically, patients with
decompensated congenital SO palsy present with large HT in primary with the HT increasing
on head tilt to the affected side and in gaze to the contralateral side (Figures 15–19). Patients
with intermittent vertical strabismus, facial asymmetry, and long-standing head tilt, which can
be documented on early childhood family photos, have congenital SOP until proven otherwise.
Unfortunately, patients with congenital SO palsy are misdiagnosed and receive multiple
consultations, CT, MRI scans, and even surgery for the torticollis. Avoid this by knowing the
7 key findings of congenital SOP, which are as follows: (1) large vertical fusion amplitudes, (2)
ipsilateral IO overaction, (3) positive head tilt (>hyper on tilt to the hyper), (4) torticollis
(compensatory head tilt opposite to SOP), (5) minimal or no vertical diplopia before it
decompensates, (6) no torsion on Maddox rod, and (7) facial asymmetry.

Figure 15. Congenital SO palsy with large RHT in primary with the RHT increasing on head tilt right and in left gaze
(R-IOOA).

Figure 14. Congenital SOP, compensatory head tilt, and face turn away from the hypertropia.
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Figure 16. Congenital SO palsy with large RHT in primary with the RHT increasing on head tilt right and in left gaze
(R-IOOA).

Figure 17. Congenital SO palsy with large RHT in primary with the RHT increasing on head tilt right and in left gaze
(R-IOOA).

Figure 18. Congenital SO palsy with large RHT in primary with the RHT increasing on head tilt right and in left gaze
(R-IOOA).

Figure 19. Congenital SO palsy with large RHT in primary with the RHT increasing on head tilt right and in left gaze
(R-IOOA).
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Masked bilateral SOP can look like a unilateral SOP as only one eye will show significant IOOA.
The presence of a V-pattern and bilateral extorsion on fundus examination also suggests
bilateral involvement in patients with a presumed unilateral SOP. In these cases of masked
bilateral SOP, if surgery is performed on one eye, the contralateral SOP will become evident
postoperatively

5.4.4. Traumatic SO palsy

Traumatic SO palsy is caused by closed head trauma. It is almost always bilateral as the 4th
nerves exit the brain close together, so both nerves get traumatized with a traumatic shift of
the tentorium. Since the strabismus is acquired, patients complain of torsional, vertical, and
horizontal diplopia, worse in downgaze (SO field of action). Because both SO muscles are
weak, the verticals cancel each other so there is minimal to no hypertropia in primary position.
These patients have significant torsional diplopia because there is bilateral extorsion, which
can be seen on fundus exam and on double Maddox rod testing. The fundus photos will show
bilateral extorsion with the foveae below the lower pole of the optic disc. The pattern of
strabismus for bilateral SO palsy is reversing hypertropia: (1) RHT on tilt right and LHT on
tilt left and (2) RHT in left gaze and LHT on right gaze and a V pattern with esotropia in
downgaze (Table 3).

Tilt R–RH 12 Tilt L–LH 10

R-gaze Ortho L-gaze

LH 8 RH 4 RH 10

ET 10

Table 3. Example of measurements of bilateral SOP.

Bilateral SOP has a characteristic V pattern that is an arrow subtype. Since the SO muscles are
abductors in downgaze, bilateral SOP causes lack of abduction in down gaze, thus causing an
esotropia in downgaze. This causes a V-arrow pattern because most of the eso-shift occurs
from primary position to downgaze. The big eso-shift from primary position to downgaze
typical of an arrow pattern, which is virtually pathognomonic for bilateral SOP, as shown in
Figure 10.

5.4.5. The management of inferior oblique muscle dysfunction

Selection of the appropriate surgical procedure is based on the amount of inferior oblique
dysfunction. Inferior oblique overaction is clinically estimated on a scale of +1 through +4.
Quantify the upshoot by bringing the fixing eye straight across to the lateral canthus and
observe the adducting eye for upshoot (Figure 20).

Quantification of upshot in inferior oblique overaction: the abducting eye is fixating. The
adducting eye is free to manifest the overaction. (A) Minimal upshoot (+1). (B) Upshoot (+2)
of the adducting eye is obvious when the abducting eye looks straight across the lateral
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canthus. (C) Severe upshoot (+3) of adducting eye. (D) Very severe upshoot (+4) of adducting
eye.

The basic rule of thumb is that patients with +2 or more IOOA are candidates for an inferior
oblique surgery, and those with +1 or less can be followed except those with significant V
pattern (>15 PD). These should be considered for IO weakening procedure even with only +1
IOOA. In cases of asymmetric overaction, bilateral surgery should be done, even when one
eye only displays +1 overaction, to avoid unmasking the minimal overaction. If amblyopia is
present (greater than 2 Snellen lines), it is safer to restrict surgery to the amblyopic eye.
Monocular surgery is sufficient in these amblyopic cases as the sound eye is always fixing and
will not manifest an upshoot.

Weakening procedure of the IO muscle is the treatment for IO overaction, that is, IO recession
(Figure 21), myectomy (Figure 22), or anteriorization (Figure 23). Inferior oblique overaction
can be reduced by surgically moving the insertion anterior toward the equator and nasally so
it is closer to the inferior rectus muscle (see the red arrow in the drawing below). Moving IO
insertion nasally toward the inferior rectus slackens the IO, thus weakening its function and
is called an IO recession. Myectomy weakens the inferior oblique, as removing a portion of
muscle reduces the chance of local reattachment. Moving the IO insertion anterior to the
equator changes the IO from an elevator to more of a depressor, and this is called IO anterior
transposition. The graded anteriorization procedure is the authors’ procedure of choice for
mild to severe inferior oblique overaction. The basis of the graded anteriorization procedure
is that the more anterior the inferior oblique insertion, the greater the weakening effect,
tailoring the amount of IOOA to the amount of anteriorization. The IO muscle is placed 4 mm
posterior to the inferior rectus insertion for +1 IOOA, and 3 to 4 mm to IR for +2 IOOA, 1 to 2
mm to IR for +3 IOOA, and at IR insertion for +4 IOOA. Severe bilateral DVD and IOOA needs
the “J” deformity full anteriorization of the entire IO insertion, including the posterior fibers.
The “J” deformity limits elevation of the eye.

Figure 20. Quantifying the IOOA on a scale of +1 through +4.
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Figure 21. Recession.

Figure 22. Myectomy.

Figure 23. Anteriorization.
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Figure 21. Recession.

Figure 22. Myectomy.

Figure 23. Anteriorization.
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In general, avoid antielevation by keeping the IO muscle 2 mm posterior to the IR insertion
and avoid “J” deformity by keeping the IO posterior fibers posterior, as described in detail at
the end of this chapter.

The final surgical decision must be based on a combination of factors, including the amount
of V pattern and the presence of a vertical deviation in primary position. If no vertical deviation
is present in primary position, then consider symmetrical surgery. Asymmetric-graded
anteriorization is indicated if a hypertropia is present, and more anteriorization of the IO
should be done on the side of the hypertropia. A full anteriorization (at the IR insertion, without
“J” deformity) corrects about 6 PD hypertropia. An anteriorization with “J” deformity can
correct up to 18 PD of hypertropia.

5.4.6. The management of congenital superior palsy

Surgery is indicated for a significant head tilt, a hypertropia causing asthenopia, and symp‐
tomatic diplopia. The surgery timing is controversial. In the United States, early surgery is
suggested to prevent secondary facial asymmetry, while otters advocate waiting until 2 to 3
years of age. Late surgery is advocated in Europe as strabismus measures are more reliable
and binocular function more mature and stable. There is no evidence to clearly choose, as no
controlled clinical randomized trials have ever been conducted. The authors’ advice is to wait
until 2 years of age as long as the head tilt is mild, or if binocular fusion is compromised, early
surgery is indicated.

Prisms are usually of limited value because of the incomitance, but in some older adults, prisms
can be used to help control the deviation. If prisms are used, undercorrect the deviation to
stimulate vertical fusion amplitudes.

The surgical plan depends on the pattern of the strabismus, depending on unilateral or bilateral
location. In general, the treatment strategy is based on where the deviation is greatest and
designing a surgical plan to correct the deviation in the primary position while reducing the
incomitance.

Unilateral SOP with hypertropia <18 PD can be treated with graded anteriorization ipsilateral
IO muscle. Unilateral hypertropia >18 PD can be treated by graded anteriorization, ipsilateral
IO muscle, and contralateral IR recession (if there is significant hyper in down gaze). Bilateral
SOP with hypertropia <8 PD can be treated by bilateral IO-graded anteriorization with greater
anteriorization on the hypertropic side. A masked bilateral can be treated by ipsilateral IO
anteriorization and contralateral IR recession plus contralateral IO recession. If there is residual
head tilt after IO weakening procedure, perform the Harada–Ito procedure on the opposite
side to the head tilt. SO tendon tuck is reserved for extreme lax SO tendon.

5.4.7. The management of traumatic superior oblique paresis

Observe conservatively for at least 6 months, taking serial measurements of the deviation. If,
after 6 months of observation, the SOP persists with diplopia, surgery should be considered.
Prism glasses are usually not useful because of the torsion and incomitance of the deviation.
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Surgical plan for most traumatic bilateral SOP with extorsion, esotropia ≥  10 PD in down gaze
but no significant hypertropia in the primary position, is the bilateral Harada–Ito procedure
and bilateral MR recessions (small) with infraplacement one-half tendon width.

6. Strabismus surgical techniques: Do's and don’ts to avoid complications

6.1. Surgery to the horizontal rectus muscles

Muscle surgery to the horizontal rectus muscles, in the form of recessing and resecting, is
commonly performed for esotropia and exotropia. These muscles can also be moved away
from their original line of action to treat vertical deviations, pattern strabismus (A and V), and
nerve palsies. Surgery to the vertical rectus muscles is fundamentally similar to horizontal
rectus muscles surgery but is less commonly performed. Each patient requires an individual
surgical approach to the management of their strabismus, but the tables provided in Appendix
I may be of assistance as a guide in deciding on measurements.

6.1.1. General considerations

Before surgery, make sure that the patient’s head position is optimal avoiding flex of the neck.
Have the patients neck extended so that the patient is looking at the surgeon sitting at the head
of the surgical table. A towel roll placed under the patient’s shoulders may be helpful to get
the chin up (Figure 24).

Figure 24. Correct head position.
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6.1.2. Limbal vs. fornix approach

It is important to choose a proper conjunctival incision, as this can have an impact on your
strabismus surgery as emphasized as one of the 10 commandments for strabismus surgery by
Dr. Wright [12]. The limbal incision is made at the limbus (Figure 25) and is suitable for older
patients over 40 years, as the conjunctiva is friable. For patients under 40 years, both limbal
and fornix incisions are usable for rectus surgery. The fornix incision is 8 mm posterior to the
limbus in the inferior fornix (Figure 26) and should therefore always be preferred for inferior
and superior oblique surgery. Fornix incision is preferred to a Swan incision, which is over the
muscle insertion, as Swan can leave a conjunctival scar making future surgery difficult, and
careful closure is therefore required.

Figure 25. The limbal incision.

Figure 26. The fornix incision.
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6.1.3. Avoid fat adherence syndrome

Posterior Tenon’s capsule separates orbital fat from the extraocular muscles and sclera (Figure
27). If during periocular surgery one ruptures posterior Tenon’s capsule, fat will prolapse and
scar attaches to the extraocular muscle and/or the sclera (Figure 28). The scar is an adhesion
that contracts causing restriction of ocular rotations (restrictive strabismus), called fat adher‐
ence, first described by Marshall M. Parks MD.

Figure 27. Anatomy of the posterior Tenon’s capsule.

Figure 28. Anatomy of the posterior Tenon’s capsule.
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6.1.4. Scleral thickness, avoid perforation

The scleral thickness behind the rectus muscle insertion is extremely thin, measuring only 0.3
mm. Because of the thin sclera, perforation into the globe is a significant risk during the scleral
needle pass when suturing the muscle to sclera. Therefore, proper needle selection is important
to reduce the risk of perforation. The preferred side cutting or spatulated needle has a flat top and
bottom (Figure 29). The flat bottom reduces the chance of inadvertent perforation deep into
the globe and the flat top prevents cutting into the roof of the scleral tunnel above. Furthermore,
to avoid inadvertent perforation of the globe, it is critical that the scleral needle pass is shallow
and controlled keeping the tip up and passing the needle horizontally during the scleral needle
pass in a flat and straight manner.

Figure 29. Side cutting or spatulated needle is preferred.

6.1.5. Avoid partially slipped muscle

To hook a rectus muscle successfully, keep a small hook perpendicularly and firmly to the
sclera. Then pass the hook under the rectus insertion, keeping the perpendicular orientation
until the hook is under the muscle (Figure 30). This will prevent splitting of the rectus muscle
as the tip of the hook stays on the sclera. After hooking the muscle, replace the small hook with
the large hook as a Jameson or Helveston hook.

The pole test should then be performed to ensure the entire rectus muscle is hooked. A small
hook is placed at the tip of the larger hook holding the muscle. The small hook is then pulled
supero anteriorly with the tip perpendicular to the sclera (Figure 30). If the muscle is split
(Figure 31), the residual fibers will restrict the small hook from moving anteriorly.

After hooking the entire rectus muscle, avoiding rupture of the posterior Tenon’s capsule
as previously described, it is important to secure the muscle by full-thickness locking bites,
centrally  and then at  each edge of  the muscle  for  three point  fixation (Figure 32).  Full-
thickness pass at the edges is very important, as a partial thickness pass will result in a
partially slipped muscle occurring at the edge that was not secured with full-thickness bite
(Figure 33).
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Figure 32. Secure the muscle by full-thickness locking bites.

Figure 30. When hooking the muscle, remember perpendicular orientation of the hook.

Figure 31. The pole test, disclose a split muscle.
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Figure 32. Secure the muscle by full-thickness locking bites.

Figure 30. When hooking the muscle, remember perpendicular orientation of the hook.

Figure 31. The pole test, disclose a split muscle.
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Figure 33. Partial thickness pass will result in a partially slipped muscle.

6.1.6. Weakening and tightening procedures

Rectus muscle recession is a weakening procedure, where the rectus muscle is detached from
the globe and replaced further from the limbus. The muscle is detached from its insertion and
recessed some specific mm and sutured to sclera. This shortens the distance between the origin
and the insertion of the muscle and therefore has a weakening effect (Figure 34).

Figure 34. Recession.

If a rectus muscle is not widely splayed, there will be redundant muscle and central sag causing
a larger recession than intended. Prevent central sag by adequately separating the muscle poles
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and by securing the center of the muscle with a central security knot. Central sag can be
corrected with the same suture that holds the muscle (Figure 35)

Figure 35. The center of the muscle is secured with a central security knot.

Rectus muscle resection tightens the muscle by removing a segment of the muscle then
advancing the muscle to the original insertion (Figure 36). Tightening effect increases when
the eye rotates away from the resected muscle because the muscle gets tighter.

Rectus muscle plication has the same effect as resection as it tightens the muscle. Sutures are
attached to the muscle posterior to the insertion then passes thorough sclera anterior to the
insertion (Figure 37, top). The sutures are pulled up to fold the muscle (Figure 37, bottom).
Plication tightens the muscle without the need for muscle disinsertion; thus, it is safer than
resection. Plication spares the anterior ciliary vessels, thus reducing the risk of anterior segment
ischemia. The rectus plication was invented by professor and coauthor Dr. Kenneth Wright
during his fellowship and published in 1991 (Figure 37).

Figure 36. Resection.
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Figure 37. Plication.

To perform rectus muscle recessions, resections, and plications, replace the standard hook
(Jameson or Helveston hook) with the titanium Wright grooved hook (Figure 38). This hook
allows for suturing the muscle insertion over the groove (Figure 39), thus preventing inad‐
vertent scleral perforation and making it easy to get full-thickness locking bites and keep suture
placement precise and consistent: not too posterior—not too anterior. Especially when
suturing tight muscles, the Wright hook helps pulling the muscle to the surgical field and
provides space to suture the muscle (Figure 40). Dr. Wright holds a U.S. patent on the hook
design.

Figure 38. Wright groove hook.
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Figure 39. Suturing rectus muscle insertion over groove hook.

Figure 40. Suturing rectus muscle insertion over groove hook.

6.1.7. Avoid anterior segment ischemia

The two long posterior ciliary arteries and the anterior ciliary arteries supply circulation to the
anterior segment. Each group contributes about 50% of the anterior segment blood flow. The
anterior ciliary arteries course with the rectus muscles (Figure 41). The MR, SR, and IR muscles
having 2 arteries and are major suppliers, while the RL has one artery and contributes little to
anterior segment circulation. Removing a rectus muscle will permanently disrupt the blood
flow from the corresponding anterior ciliary arteries, and the arteries do not recanalize. In
children, the long posterior ciliary arteries can maintain enough flow, so even if all the rectus
muscles were removed, the child will not get anterior segment ischemia. In senior adults,
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however, the posterior ciliary supply can be compromised from small vessel disease, and
removing the 3 major supplier rectus muscles (i.e., MR, SR, and IR) can result in anterior
segment ischemia. Anterior segment ischemia can cause uveitis, hypotonia, and corneal
edema. Anterior ischemia is usually transient, lasting a few weeks to a couple of months;
however, severe cases can result in vision loss. Treatment is low dose topical corticosteroid
drops. Anterior segment ischemia has been reported to occur 10 to 20 years after strabismus
surgery. The iris angiogram (Figure 42) shows hypoperfusion of the superior iris, indicating
the superior rectus muscle has been removed and its ciliary vessels gone. Once a rectus muscle
is removed, its ciliary vessels are permanently destroyed. Over 3 months, the collateral
circulation improves especially in young persons, and the iris angiogram can revert to normal.
There is no formula for the number of rectus muscles that can be safely detached. As a general
rule, do not detach more than two rectus muscles at one time, unless absolutely necessary. As
the two vertical and the medial rectus muscles provide the major anterior ciliary blood supply
to the anterior segment, try to preserve at least one of these muscles.

Figure 41. The anterior ciliary arteries course with the rectus muscles.

Figure 42. The iris angiogram shows hypoperfusion localized to the superior iris due to resection of the superior rectus
muscle.
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6.2. Surgery for oblique muscle dysfunction

6.2.1. Inferior oblique weakening

Inferior oblique overaction, both primary and secondary, can be treated by weakening the IO
muscle. The three most frequently performed procedures to weaken the inferior oblique
muscle is illustrated in Figure 43 and include inferior oblique (A) myectomy—remove a
segment of muscle, (B) recession—move insertion toward the origin to slacken the muscle, and
(C) anteriorization—move insertion anterior to equator to change the vector of forces so the
IO is no longer an elevator; it is more or less vertically neutral. If the IO is placed anterior to
the inferior rectus, then the IO will pull the front of the eye down and cause limited elevation,
e.g., “antielevation.” It is a complication of placing the inferior oblique too anterior but can be
used to treat DVD. Avoid IO myotomy, as it is not effective, because the cut ends of the muscle
inevitably reunite or scar to sclera, causing residual IOOA.

Figure 43. The three most frequently performed procedures to weaken the inferior oblique muscle: (A) myectomy, (B)
recession, and (C) anteriorization.
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The ciliary nerve courses with the IO nerve, so trauma during IO surgery to the nerve can
rarely cause the complication of pupil dilatation and reduced accommodation. Avoid this by
using direct visualization of the posterior border of the IO muscle during hooking off the
muscle. Avoid “deep blind” posterior passes to hook the muscle and use the Wright grooved
hook for suturing the inferior oblique muscle insertion while protecting the sclera in the area
of the macular (Figure 44).

Figure 44. The Wright grooved hook used in IO recession protects the sclera in the area of the macular.

A neurovascular bundle attaches to the posterior aspect of the IO muscle. If the posterior fibers
of the IO muscle are anteriorized to the level of the inferior rectus insertion, this will stretch
the neurovascular bundle and cause a “J” deformity of the IO muscle (Figure 45). The tight
neurovascular bindle attached to the IO muscle will pull the eye down and limit elevation
(antielevation). A better surgical technique is to keep the posterior muscle fibers posterior to
avoid antielevation, unless some limitation of elevation is desired such as the case of treating
DVD.

Figure 45. The posterior fibers of the IO muscle are anteriorized to the level of the inferior rectus insertion, stretching
the neurovascular bundle and causing a “J” deformity of the IO muscle.
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6.2.2. Superior oblique tightening

Two procedures that tighten the SO tendon include the full tendon tuck and the Harada–Ito
procedure, which is a tightening of the anterior tendon fibers by a partial tuck or advancement
of the anterior tendon fibers.

6.2.2.1. Superior oblique tuck

Extorsion associated with acquired SO palsy can be treated by tightening the anterior SO
tendon fibers. The anterior SO tendon fibers are responsible for intorsion, while the posterior
fibers cause depression and abduction. The SO full tendon tuck (Figure 46) tightens the tendon
by pinching and folding the entire tendon. This results in intorsion, depression, and abduction.
It can be used in cases of lax SO tendon causing an SOP and is therefore useful for correcting
extorsion, hyperdeviation, and convergence in down gaze. If the full tendon tuck is made too
tight, it will cause limited elevation worse in adduction due to tightening of the posterior
tendon fibers, termed iatrogenic Brown’s syndrome. Care must be taken to balance the superior
oblique tightening against an induced Brown’s syndrome by performing intraoperative forced
ductions of the superior oblique tendon after tucking.

Figure 46. The SO full tendon tuck.

6.2.2.2. Harada–Ito procedure

There are clinical situations that require selective correction of extorsion without a significant
change in vertical or horizontal alignment. A full tendon tuck in this situation is not appropriate
as it would induce a hypotropia and iatrogenic Brown’s syndrome. The Harada–Ito procedure
is designed to selectively correct extorsion, as it tightens the anterior tendon thus intorting the
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eye. Specifically, the procedure corrects extorsion, usually caused by an SOP, as only the
anterior tendon fibers of the SO are tightened so there is little depressor or abduction effect.
Iatrogenic Brown’s syndrome is uncommon. Harada–Ito is the procedure of choice to correct
extorsion without significant vertical strabismus. Figure 47 shows the Harada–Ito as the
anterior fibers in red are pulled temporally toward the lateral rectus muscle to intort the eye
as shown by the red arrow.

Figure 47. Harada–Ito procedure includes anterior fibers of SO pulled temporally toward the LR.

There are two ways to perform the Harada–Ito as illustrated in Figure 48: (A) remove the
anterior 1/3 of the fiber and advance temporally toward the lateral rectus; (B) the classic
Harada–Ito procedure—leave the tendon insertion intact but split the anterior fibers and pull
them temporally toward the lateral rectus muscle (plication).

Figure 48. Two ways to perform the Harada–Ito procedure.

The anterior SO tendon fibers are looped with a suture and displaced laterally without
disinsertion (Figure 49, left drawing). The anterior fibers are sutured to sclera 8 mm posterior
to the superior border of the lateral rectus muscle (Figure 33, right photo). This procedure has
the advantage of being easy reversible. To undo the classic Harada–Ito, simply cut the suture
and the tendon will be back to normal. This must be done within 24 to 48 h after surgery, or
the tendon will scar in place.
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Figure 49. The classic Harada–Ito (plication) method where the anterior fibers are looped with a suture and sutured to
sclera laterally.

6.2.2.3. Anesthesia

General anesthesia is used most frequently in strabismus surgery. All strabismus surgery on
children requires general anesthesia. Patient anxiety, reoperations, and SO surgery are also
indications for general anesthesia. An experienced anesthesiologist, familiar with pediatric
anesthesia and potential life-threatening complications like malignant hyperthermia, is an
essential member of the surgical team.

Local anesthesia can be used in cooperative adults for unilateral surgery. A retrobulbar
injection of 4 ml of lidocaine is given. If the patient experiences intraoperative pain, it can be
treated with an additional local injection of lidocaine near the muscle being careful not to inject
directly into the muscle. Topical anesthesia and sub-Tenon anesthesia is a good option for
adult patients requiring a unilateral or bilateral recession or even resection procedures. With
gentle manipulation, avoiding pulling on the muscle, topical anesthesia strabismus surgery
can be done with minimal pain, without bearing the risk of general anesthesia.

6.2.2.4. Sutures

A 5-0 vicryl suture with S-24 double-arm spatula needles, or a 6-0 vicryl suture with S-29
spatula needles, are the usual sutures of choice for strabismus surgery. A 5-0 mersilene suture
(nonabsorbable) is indicated for muscles that may develop a postoperative stretched scar,
advancement of a slipped muscle, the Harada–Ito procedure, and Wright’s silicone tendon
expander procedure.

6.2.2.5. Magnification and light source

Magnification of 2 times is helpful or use the lowest magnification of a surgery microscope.
High magnification should be avoided as it significantly limits depth of focus and field size.
A head lamp is advised if a surgery microscope is not used.
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6.2.2.6. Postoperative care

Immediate recovery: NPO is necessary for 2 h after surgery, depending on the age of the
patient. Restricting all oral intake helps reduce nausea and vomiting postoperatively. Do not
use eye patches unless an adjustable suture was used or it was a multiple reoperation.

6.2.2.7. Outpatient follow-up

Prescribe antibiotic-steroid ointment, b.i.d. × 10 days. No swimming for 2 weeks, and schedule
a follow-up postoperative visit in the first week, then a second postoperative visit usually in
6  weeks,  depending  on  the  patient’s  condition  and  age.  Young  patients  with  intended
overcorrection of intermittent exotropia need to be followed more frequent. Patients should
be warned of the possibility of periocular infection and to return immediately if redness or
swelling persists.

If you want to dig even deeper into strabismus surgery, we suggest you to read the books
and papers mentioned below.

7. Conclusion

The most important rule for the strabismus surgeon is to continue learning from experience.
Surgery should be done carefully and should preoperatively be planned and thought out
logically. Unexpected results should be questioned. Procedures that do not measure up to
the surgeon’s expectations should be altered. The surgeon should work on improving his or
hers skills and develop his or hers own set of guidelines. However, it is apparent that not all
surgeons will have the opportunity to operate on a sufficient number of patients to be inno‐
vative. In that case, the surgeon should select his or her authority carefully and remain ap‐
propriately skeptical and positively critical. It is not about “how many” but rather “how”
you perform. Our patients deserve no less than this.
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