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Preface

There’ likely a good reason for you to read an article in ophthalmology. A career

in medicine includes the love of science and personal dedication. At some point in
your medical or academic career, you decided to work in a field that improves peo-
ple’s health, an understandable choice—the restoring of any amount of vision to an
individual can profoundly improve a person’s quality of life. Blindness is an impor-
tant symptom of many eye disorders. The estimated cost of global vision loss today
is $3 trillion (USD). Science and research have always been crucial to furthering
our understanding of ophthalmic conditions and their treatment and prevention.
Ophthalmology researches have resulted in major advancements in medical science
and ophthalmic practice. Discoveries made in various fields including genetics,
immunology, and ocular biology have reshaped the foundations of ophthalmology
and formed many new paradigms for the repair, regeneration, and rehabilitation of
countless disorders. Enough has been achieved already to make it clear that this field
has already produced some fundamental insights and has enormous possibilities for
improving human health.

Imagination is the key to any discovery, and its presence in the science to improve
eyesight and vision is no exception. Progress in vision science is racing forward,
spurred on by a host of exciting new research discoveries and the efforts of sci-
entists. And the moment the solution to a problem has societal relevance, it is no
longer acceptable to restrict the tools used to find the answer to a single field. The
complementary nature of many of the researches generates a highly interactive and
collaborative environment that promotes the development of novel approaches to
address fundamental questions. In the world today, scientists have accomplished
that which previously was the domain of miracle workers. I have been inspired by
my patients, colleagues, and mentors many times during my career. I have learned
that one shining star on a dark night can help a person reach his or her destination.
“Hope” is what you and your patient should never lose. I was trilled to be guided by
a superb mentor, the late Dr. Ali Asghar Khodadoust, the legend of ophthalmology
and a pioneer of eye research, with his deeply serene smile, who always believed,
“Aslong as it is Rooted in the water, there is a Hope to fruit!”

A major challenge for the next decade will be to translate these advances into
identifying the design and testing of novel approaches for disease treatments. But,
yes ... the future is now! This book is a collection of reviewed and relevant research
chapters, which intends to provide readers with a comprehensive overview of the
latest and most advanced findings in several aspects of ophthalmology, ophthalmic
pathology, ocular imaging, and certain treatment and surgical strategies. It is an
excellent, well-integrated review of treatment options in eye disease that aims at
providing a thorough overview of the recent developments written by international
authors; it can be used as an important reference for clinically oriented ophthal-
mologists and scientists. Here are many valuable contributions from physicians and



scientists who are experts in the field, and I thank all the contributors for their kind
efforts in the preparation of this book.

Alireza Ziaei, MD
Harvard Medical School,
Boston, Massachusetts, USA
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Chapter1

Corneal Dystrophies and
Degenerations

Hind Alkatan, Novah Alkheraiji and Tariq Alzahem

Abstract

The cornea is a complex structure with complex functions aiming to protect
the internal ocular tissues and transmit and refract the coming light rays. Corneal
dystrophies are a group of relatively infrequent genetic corneal disorders in which
an abnormal material accumulates in the cornea causing variable loss of its clarity.
On the other hand, corneal degenerations are more common and usually result from
physiologic changes related to aging, particular disease, or long-standing environ-
mental insults to the cornea. Ectatic corneal disorders are usually characterized by
bilateral loss of corneal biomechanical strength leading to progressive thinning and
bulging of the cornea with resultant astigmatism and decreased visual acuity. In
this chapter, we will describe the basic embryological, anatomical, histologic, and
physiological features of the cornea. Then, we will go over the clinical, histopatho-
logic, medical, and surgical aspects of dystrophic, degenerative, and ectatic corneal
disorders.

Keywords: cornea, physiology, embryology, anatomy, histopathology, genetic,
classification, epidemiology, clinical, topography, dystrophy, degeneration, ectasia,
keratoconus, keratopathy, keratoplasty

1. Introduction

The wall of the eye globe is composed of the cornea and the sclera. The latter
covers the posterior four-fifths of the globe with anterior and posterior openings
for the cornea and the optic nerve, respectively. The cornea is the most anterior part
of the globe and is normally optically clear. A healthy overlying tear film is impor-
tant for the optimal function of the cornea and the esthetic wellness of the ocular
surface.

The cornea is a complex structure that is responsible for protection and about
three-quarters of the optical power of the natural eye with the remainder coming
from the crystalline lens. The normal cornea is devoid of blood vessels to insure
optimal transmission of light rays. Oxygen and nutrients are supplied, and meta-
bolic products are eliminated primarily through the tear film anteriorly and aqueous
humor posteriorly. The cornea is one of the most densely innervated tissues in the
body. Thus, traumatic corneal abrasions, bacterial keratitis, and bullous keratopa-
thy are associated with severe pain, tearing, and photophobia. The corneal nerve
plexuses are supplied by the first division (ophthalmic nerve) of the fifth cranial
nerve (trigeminal nerve) [1].

Corneal dystrophies are defined as a group of slowly progressive, usually inher-
ited, bilateral, and symmetric corneal opacifying disorders that might be associated
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with variable degrees of decreased vision and discomfort. Typically, they are not
linked to environmental or systemic factors. Nevertheless, there are exceptions

to each portion of the corneal dystrophies’ definition, as some dystrophies are
unilateral and asymmetric and have no recognizable heredity and have associated
systemic findings [2]. Based on the cellular origin of corneal dystrophy, a modi-
fied anatomic classification is proposed consisting of epithelial and subepithelial,
epithelial-stromal, stromal, and endothelial dystrophies [3].

Degenerations generally result from steady deterioration of the tissues that was
previously normal with subsequent loss of their functional activity. Corneal degen-
erations are characterized by the deposition of a specific material, stromal thinning,
and vascularization. They are not hereditary and can be unilateral. The cornea may
undergo changes associated with ultraviolet light stimulation and oxidative stress
that are thought to be responsible for the progression of degenerative processes [4, 5].

Corneal ectasia refers to a group of noninflammatory conditions characterized
by bilateral loss of corneal biomechanical strength leading to progressive thinning
and bulging of the cornea with resultant irregular astigmatism and decreased visual
acuity. Examples include keratoconus, post laser-assisted in situ keratomileusis
(LASIK) ectasia, pellucid marginal degeneration, and keratoglobus [1].

We will start this chapter by describing the basic sciences of the normal human
cornea including embryological, anatomical, histologic, and physiological features
of the cornea with mentioning selected related functional aspects. Later, we will
discuss the most important corneal dystrophies, degenerations, and ectasia from
clinical, histopathologic, and management points of view.

2. The basic sciences of the cornea
2.1 Corneal embryology

Corneal development and differentiation are the last in the well-organized series
of ocular tissue formation. Thus, normal corneal development depends on normal
development of the lens and optic cup. The corneal epithelium is derived from
the surface ectoderm, while the corneal stroma, including Bowmanss layer, and
endothelium are derived from the neural crest cells. The Descemet’s membrane is
synthesized by endothelial cells and acts as the basement membrane of the corneal
endothelium [6, 7].

The corneal development begins on the 22nd day of gestation as the surface ecto-
derm, the primordium of the corneal epithelium, and can be identified at the start of
the 6th week of intrauterine age [8]. The neural crest cells come in three distinct waves.
The first wave, in the 7th week, migrates between the primitive corneal epithelium
and the lens epithelium to form the corneal endothelium. The second wave migrates to
the area situated between the future corneal endothelium and the corneal epithelium
and gives rise to keratocytes, the cells of the corneal stroma. The third wave of neural
crest cells is located in the primitive anterior chamber to form the iris stroma [9-12].

Keratan sulfate is a proteoglycan that is produced by keratocytes and can
be demonstrated at the 8th week of gestation. It is present in keratocytes and
endothelial cells but not the epithelial cells [13-15]. The early corneal epithelium
is composed of two layers, apical and basal layers. The outer (apical) cells are
cuboidal without microvilli and are joined together by junctional complexes: zonula
occludens and zonula adherens. They are connected to the basal cell by desmosomes
[16]. The epithelium increases to three cell layers at 10-day postpartum and contin-

ues to thicken until reaching the adult thickness of about six layers by the 4th week
of life [17].
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2.2 Corneal anatomy, histology, and physiology
2.2.1 Corneoscleral limbus

The corneal limbus is simply described as the transition zone between the
peripheral corneal margin and the anterior sclera. Its width is approximately
1-1.5 mm. One of the important characteristics of the limbus is that it contains the
corneal stem cells detected in the basal cell layer. The limbus can be defined from
histological, pathological, and surgical points of view.

From histological aspects, the anterior margin of the limbus is bounded by a
line connecting the peripheral termination of Bowman’s layer from the corneal
epithelial side and the peripheral termination of Descemet’s membrane, known as
Schwalbe line, from the endothelial side. The peripheral margin is bordered by the
scleral spur. From pathologists’ point of view, a vertical line that is perpendicular to
the scleral spur was added to define the peripheral margin [18]. Surgeons divide the
limbus into two zones: a central blue zone and a peripheral concentric white zone.
The area containing Bowman’ layer and Descemet’s membrane is seen as blue. The
trabecular meshwork is located under the white zone [19].

2.2.2 Corneal anatomy

The cornea is the round transparent portion of the eyeball. It is the strongest
refractive component of the optical system of the eye. To maintain its transparency,
the normal cornea is avascular, relatively acellular, and relatively dehydrated with
extraordinary organization of the stromal collagen lamellae. The diameter of the
cornea measures 11-12 mm in horizontal meridian and 10-11 in vertical meridian. The
average central thickness of the cornea is 520 and 650 pm peripherally. The corneal
stroma is 78% water. This percentage is controlled by an intact epithelium and a nor-
mally functioning endothelial pump. The refractive index of the cornea is 1.376 [18].

In the following subsections, we will describe the histology and physiology of
different layers of the cornea from the front to the back: epithelium, Bowman’s
layer, stroma, Descemet’s membrane, and endothelium.

2.2.3 Corneal epithelium

As previously mentioned, the corneal epithelium is derived from the embryonic
surface ectoderm and lies on the outer surface of the cornea. The epithelium is
composed of 5-6 layers of nonkeratinized stratified squamous epithelium overlying
a single layer of basal cells. It is 50 pm thick. Complete renewal of the epithelial cells
occurs in 7-10 days. Three distinct layers of epithelial cells are identified: superficial
flattened cells, middle wing cells, and deep basal cells [18].

The superficial and the wing cells differentiate from the basal cells. There are
approximately 6000 basal cells/mm? in a normal cornea. They are derived from the
corneal limbal stem cells. The new cells migrate from the limbus in a centripetal
fashion at a speed of approximately 120 pm/week. Gab junctions serve to provide
communication channels between basal cells. A basal lamina that is 50 nm thick,
and is composed of type IV collagen, is actively secreted by the basal cells. The
cells are attached to the underlying basal lamina via hemidesmosomes. Recurrent
epithelial erosions, seen in patients with epithelial basement membrane dystrophy
(EBMD), are caused by alteration of hemidesmosomes [18].

On the top of basal cells are 2-3 cell layers of wing cells. They resemble wings in
cross section. Wing cells are joined together by zonulae occludentes forming a semi-
permeable membrane preventing components of the tear film from gaining entry
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to the corneal stroma. The superficial layer is composed of 2-3 rows of flattened
cells. They shed in the tear film and are replenished by other cells. Microplicae and
microvilli are observed on the apical surface of the superficial cells. Epithelial cells
are attached to each other by desmosomes. Topical anesthetic abuse causes a decline
in the number of desmosomes with resultant impaired healing [20].

2.2.4 Bowman’s layer

Bowman’s layer represents the most anterior part of the stroma and lies directly
posterior to the basal lamina of the corneal epithelium. Bowman layer is not con-
sidered a true membrane and does not stain with periodic acid-Schiff (PAS). Itis
8-12 pm thick and composed of type I and type V collagen. After injury, Bowman’s
layer does not regenerate and, thus, a scar will form. In contrast to the stroma, the
collagen lamellae are smaller and randomly organized [18].

Bowmanss layer is critical in supporting the corneal biomechanics through its
stiff and strong nature. Weakening of this layer can result in ectatic corneal disor-
ders, such as keratoconus, due to loss of the biomechanical support [21].

2.2.5 Corneal stroma

The corneal stroma is derived from the neural crest cells. It constitutes around
90-95% of the corneal thickness. Numerically, the central corneal thickness
measures about 0.52 mm and thickens to 0.65 mm in the periphery. It has cor-
neal stromal collagen lamellae, 200-250 lamellae that are arranged parallel to
the surface of the cornea. They are predominantly made from type I and type V
collagens. Keratan sulfate and dermatan sulfate are the primary proteoglycans of
the stroma. These proteoglycans are located between the lamellae maintaining a
constant interlamellar distance, an important factor in eliminating light scatter
and, thus, a clear cornea [18]. In 2013, an acellular layer measuring approximately
10 pm in the posterior stroma, named the pre-Descemet’s layer (or Dua’s layer),
was introduced [22].

There are approximately 2.4 million keratocytes in the corneal stroma scattered
in between the lamellae. They synthesize collagen and proteoglycans. Keratocytes
are abundant in mitochondria, rough endoplasmic reticulum, and Golgi appa-
ratuses. The plasma membranes are fenestrated, and they communicate via gab
junctions. There is a documented decline in the cell density associated with age [18].

The anterior part of the stroma is typically drier than the posterior part. This
is caused by the drying effect of the atmosphere anteriorly and the wetting effect
of the aqueous humor posteriorly. An enlarged spacing between the lamellae, as in
cases of corneal stromal edema from endothelial injury, will result in hazy cornea
and decreased visual acuity [18].

2.2.6 Descemet’s membrane (DM)

Descemet’s membrane is a true basement membrane, for corneal endothelium,
that is PAS positive. The thickness of DM varies according to the age of the indi-
vidual. It is continuously secreted by the endothelium through life. In newborns, it
measures about 2-4 pm in thickness and reaches to 10-12 pm in adults [18].

Histologically, DM has two layers: an anterior banded layer produced during
fetal life and a posterior non-banded layer produced after birth. It is made of type
IV collagen, laminin, and fibronectin [18].

DM provides support and adhesion to endothelial cells. Under patho-
logic conditions, it works as a biologic barrier to the phagocytic, toxic, and
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enzymatic degradation. Notably, DM is weakly attached to the overlying
stroma, or pre-Descemet’s layer, and can be surgically dissected as one piece
(Descemetorrhexis) [18].

2.2.7 Corneal endothelium

The corneal endothelium is the innermost layer of the cornea. It is about 4-6 pm
thick. As mentioned earlier, the endothelium originates from neural crest cells.

The cells cannot be replenished if lost. There are about 500,000 endothelial cells
covering the posterior surface of the cornea with a density of 3000 cells/mm”. There
is approximately 0.6% endothelial cell loss per year, and this rate increases signifi-
cantly after traumatic, iatrogenic, inflammatory, or infectious conditions affecting
the endothelium. The most common normal cell shape is hexagonal with minimal
polymegathism and pleomorphism [18].

To maintain the corneal clarity, the endothelium works as a barrier and as a
metabolic pump. Endothelial cells are linked together by interdigitations and focal
tight junctions. They communicate via gab junctions. Some nutrients are allowed
to pass paracellularly to the remaining corneal layers indicating a semipermeable
nature of the endothelial cell layer [18].

The corneal endothelium is a highly active tissue. This is evident by the presence
of numerous mitochondria, the prominent endoplasmic reticulum, ribosomes, and
Golgi apparatus. The fluid is pumped out of the corneal stroma into the anterior
chamber via pinocytic vesicles [18].

Hassall-Henle bodies, or peripheral cornea guttae, are considered a natural
aging process in which small excrescences are observed in the peripheral part of
Descemet’s membrane. They denote focal areas of thickening of Descemet’s mem-
brane. On the other hand, central cornea guttae are pathologic in nature and are
associated with progressive corneal stromal and epithelial edema as in patients with
Fuchs’ endothelial dystrophy [18].

3. Corneal dystrophies

Generally, corneal dystrophies are defined as a group of progressive, inherited,
mostly bilateral, and symmetric, variable corneal opacifying disorders, which are
usually not related to environmental or systemic conditions. The can be associated
with blurred vision and ocular discomfort. Their onset is usually early in life but
they manifest later clinically. They are slowly progressive and become more promi-
nent with age. There are exceptions to the corneal dystrophies definition: some
dystrophies are unilateral or bilateral asymmetric, some have no obvious heredity,
and some have related systemic abnormalities [1, 2].

In 2015, the International Committee on the Classification of Corneal
Dystrophies (IC3D) proposed a modified anatomic classification on the basis of the
cellular origin of the corneal dystrophies consisting of [3]:

1. Epithelial and subepithelial dystrophies

2.Epithelial-stromal transforming growth factor p-induced gene (TGFBI)
dystrophies

3.Stromal dystrophies

4.Endothelial dystrophies
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An evidence-based category system was suggested to indicate the level of evi-
dence that supports the existence of a given corneal dystrophy. In this system, each
dystrophy is organized according to the clinical phenotype, with a template summa-
rizing genetic, clinical, and pathologic information. The system is upgradable and
can be retrieved at www.corneasociety.org. The categories are as follows [23]:

Category 1 (C1): a well-defined corneal dystrophy in which the gene has been
mapped and identified and the specific mutations are known.

Category 2 (C2): a well-defined corneal dystrophy that has been mapped to one
or more specific chromosomal loci, but the gene(s) remains to be identified.

Category 3 (C3): a well-defined corneal dystrophy in which the disorder has not
yet been mapped to a chromosomal locus.

Category 4 (C4): this category is reserved for a suspected, new, or previously
documented corneal dystrophy, although the evidence for it, being a distinct entity,
is not yet convincing.

In the following subsections, we will describe the clinical, genetic, and histo-
pathologic characteristics of the common corneal dystrophies from anterior to
posterior: epithelial and subepithelial, epithelial-stromal (TGFBI), stromal, and
endothelial dystrophies.

3.1 Epithelial and subepithelial corneal dystrophies
The included dystrophies are:
1. Epithelial basement membrane dystrophy (EBMD)

2.Epithelial recurrent erosion dystrophies (EREDs)—Franceschetti corneal
dystrophy (FRCD), Dystrophia smolandiensis (DS), and Dystrophia
helsinglandica

3. Subepithelial mucinous corneal dystrophy (SMCD)

4.Meesmann corneal dystrophy (MECD)

5.Lisch epithelial corneal dystrophy (LECD)

6. Gelatinous drop-like corneal dystrophy (GDLD)
3.1.1 Epithelial basement membrane dystrophy (EBMD)

EBMD, also known as map-dot-fingerprint dystrophy [24], Cogan’s microcystic
epithelial dystrophy [25], and anterior basement membrane dystrophy, is the most
common anterior corneal dystrophy. It can reach up to 70% in individuals above the
age of 50 years and is found to be infrequent in the pediatric population [26]. It was
found to be more common in females [27].

Inheritance: mostly sporadic with familial cases have been reported. Thus, they
are thought to be degenerative or caused by previous trauma.

Genetic locus and gene: 5q31. One report has identified TGFBI in two families.

Category: most cases are sporadic. C1 in rare cases.

Onset: usually in the second decade.

Symptoms: it maybe asymptomatic or associated with recurrent epithelial ero-
sions in 10% of patients due to poor adhesion of basal epithelial cells to the basal
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laminar material. Irregular astigmatism might cause decreased vision and monocu-
lar diplopia. The severity of pathology can fluctuate with time.

Signs: can be isolated or combined and unilateral or bilateral.

* Maps: central or paracentral thickened, scalloped, circumscribed borders resem-
bling coastlines, associated with faint haze.

* Fingerprints: paracentral, hair-like, curvilinear concentric lines, best visual-
ized with retro-illumination.

* Dots: central, round or oval, non-staining, intraepithelial opacities. These lesions
contain debris of degenerated epithelial cells.

* Bleb pattern: subepithelial bleb or cobble stone-like pattern, best seen by
retro-illumination.

Histopathology:
* Maps: thickened intraepithelial, multilamellar, basement membrane.

* Fingerprints: intraepithelial extensions of basement membrane that are rib-like.

Dots: intraepithelial cyst-like lesions containing degenerated cytoplasmic debris.

Bleb pattern: subepithelial fibrillo-granular material accumulation.

Bowman’s layer is not affected.

Management: in asymptomatic cases no intervention is required. When symp-
toms occur, the frequent use of lubricants is recommended (preferably preserva-
tive-free lubricants). Hypertonic drops (i.e., sodium chloride 3-5%) during the
daytime and an ointment at night can be helpful. Topical antibiotics are needed in
cases where there are erosions. Cautious wear of a bandage contact lens may help
in providing comfort and healing. In severe cases, debridement of the epithelial
surface might be needed, and, in some cases, a phototherapeutic keratectomy

(PTK) might be helpful.
3.1.2 Epithelial recurrent erosion dystrophies (EREDs)

Inheritance: autosomal dominant.
Variants:

* Franceschetti corneal dystrophy (FRCD)
* Dystrophia smolandiensis (DS)

* Dystrophia helsinglandica (DH)

Genetic locus and gene: unknown.
Category: C3.

Onset: childhood.

Symptoms: recurrent epithelial erosion attacks that start in childhood and con-
tinue in adulthood. The attacks are usually nocturnal. Corneal opacification, which
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may be visually significant if located centrally, occurs in about half of the cases.
Painful erosive episodes usually decrease with age.

Signs: repeated epithelial erosions lasting up to 7 days in duration. Typically, no
signs can be detected after healing of the attack. However, central subepithelial
opacities, subepithelial fibrosis, or corneal keloids may develop later in life.

Histopathology: the basal epithelial cells are irregular with distended intercellular
spaces. Intracellular and intercellular Alcian blue-positive deposits are present.
Bowmanss layer is partial or completely destructed. Avascular pannus is between the
basal epithelium and the Bowman layer [3].

Management: in asymptomatic patients, treatment is not required. Recurrent
erosive episodes are treated as for recurrent epithelial erosions. Epithelial debride-
ment may be necessary in patient with irregular astigmatism.

3.1.3 Subepithelial mucinous corneal dystrophy (SMCD)

Inheritance: mostly autosomal dominant.

Genetic locus and gene: unknown.

Category: C4.

Onset: early childhood.

Symptoms: painful epithelial erosions that might decrease in frequency with age.
The vision tends to deteriorate with time.

Signs: subepithelial haze denser in the center.

Histopathology: subepithelial band of eosinophilic, periodic acid-Schiff (PAS)-
positive, Alcian blue-positive, hyaluronidase-sensitive material is present anterior
to the Bowman layer [3].

Management: recurrent erosive episodes are treated as for recurrent epithelial
erosions.

3.1.4 Meesmann corneal dystrophy (MECD)

MECD is also known as Meesmann-Wilke syndrome and Meesmann’s juvenile
epithelial corneal dystrophy [28, 29].

Inheritance: mostly autosomal dominant.

Variant: stocker-Holt variant.

Genetic locus and gene: 2 loci and 2 genes.

* Locus 12q13 (KRT3 gene)
* Locus 17q12 (KRT12 gene) in Stocker-Holt variant

Category: C1.

Onset: usually in the first decade.

Symptoms: most patients are asymptomatic. Glare, photophobia, decreased
vision, or recurrent epithelial erosions may occur. It is slowly progressive or even
nonprogressive. Patients affected with Stocker-Holt variant show more severe signs
and symptoms with earlier onset.

Signs: bilateral and symmetric numerous central and peripheral intraepithelial
vesicles most dense in the interpalpebral area. Gray opacities usually having a
distinct border with some areas being spared. Microcysts are seen in about 80% of
corneas and are more evident with retro-illumination. These cysts coalesce resulting
in refractile linear opacities. Mild corneal thinning or reduced sensation may occur.
In patients with Stocker-Holt variant, diffuse grayish punctate superficial opacities
that stain with fluorescein are observed.
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Histopathology: the epithelium is thickened and disorganized exhibiting
intraepithelial cysts filled with PAS-positive cellular debris. There is a multilaminar,
thickened basement membrane extending into the basal epithelium. Bowman’s
layer and corneal stroma that remain are not affected [3].

Management: in symptomatic cases, strategies for relief of the epithelial ero-
sions include topical antibiotics to protect against infection, heavy lubrication, and
contact lens application. In more severe cases, epithelial debridement and corneal
keratoplasty are considered [30].

3.1.5 Lisch epithelial corneal dystrophy (LECD)

History: Lisch epithelial corneal dystrophy (LECD) was first described in 1992 in
five family members and three unrelated individuals who presented with unilateral
or bilateral bands of grayish granular opacifications on the cornea [31].

Inheritance: X-chromosomal dominant.

Genetic locus and gene: Xp22.3, the gene is unknown.

Category: C2.

Onset: childhood.

Symptoms: asymptomatic if the dystrophy is not involving the pupillary axis.
Slowly progressive with decreased visual acuity if the corneal center is involved.

Signs: gray opacities that come in different patterns including band-shaped,
radial, feathery, and whorl-like. Multiple clear cysts are seen with indirect illumina-
tion resembling MECD. However, the difference is in the molecular genetics.

Histopathology: PAS-positive vacuolated cells are present in the epithelial surface [3].

Management: treatment only if the individual is symptomatic with heavy lubri-
cation. In some cases, debridement might be helpful. Phototherapeutic keratectomy
(PTK) can be beneficial in some cases [32].

3.1.6 Gelatinous drop-like corneal dystrophy (GDLD)

GDLD was first described by Nakaizumi (1914) [33]. It was found to be more
common in Japan.

Inheritance: autosomal recessive.

Genetic locus and gene: 1p32, tumor-associated calcium signal transducer 2
(TACSTD2).

Category: C1.

Onset: during the first 2 decades.

Symptoms: blurred vision, photophobia, foreign body sensation, and tearing.

Signs: subepithelial lesions may look like band keratopathy initially. Mulberry
configuration of nodules that stain with fluorescein can occur. This configuration
indicates epithelial hyperpermeability. Vascularization and stromal scarring are
seen later in the course of the disease.

Histopathology: amyloid deposits in the subepithelial and stromal [3].

Management: treatment for symptomatic cases includes heavy lubrication.
Superficial keratectomy or keratoplasty can be helpful when there is visual impair-
ment. Recurrence is common following superficial keratectomy, lamellar kerato-
plasty, and penetrating keratoplasty [34].

3.2 Epithelial-stromal TGFBI dystrophies
The included dystrophies are:

1. Reis-Biicklers corneal dystrophy (RBCD)
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2. Thiel-Behnke corneal dystrophy (TBCD)

3. Lattice corneal dystrophy, type 1 (LCD1)

4.Granular corneal dystrophy, type 1 (GCD1)

5. Granular corneal dystrophy, type 2 (GCD2)
3.2.1 Reis-Bucklers corneal dystrophy (RBCD)

RBCD was first described in 1917. It is also known as geographic corneal dys-
trophy of Weidle, superficial granular corneal dystrophy, atypical granular corneal
dystrophy, granular corneal dystrophy type 3, and anterior limiting membrane
dystrophy type 1 [35].

Inheritance: autosomal dominant.

Genetic locus and gene: 5931, transforming growth factor f-induced gene (TGFBI).

Category: C1.

Onset: during the first decade of life.

Symptoms: blurred vision and recurrent corneal epithelial erosions. It is slowly
progressive. The frequency of recurrent corneal erosions tends to decline with age.
It has a more aggressive course than Thiel-Behnke corneal dystrophy (TBCD). In
addition, the diagnosis can be confused between RBCD and TBCD.

Signs: early in the course of the disease, there are varying densities of bilateral
irregular geographic-like opacities with clear interruptions at the level of Bowman’s
layer and anterior stroma. They are discrete in early stages and become diffuse with
deeper involvement. As the disease progresses, these fine reticular lesions coalesce
to form a confluent gray whitish opacity that might affect vision as the surface
becomes more irregular. At later stages, the corneal sensation is reduced, and ring-
shaped (sometimes crescent-shaped) opacifications cover the central cornea and
can extend to the mid-periphery. The most peripheral cornea remains clear.

Histopathology: granular sheet-like deposits replace Bowmanss layer. These
deposits stain red with Masson trichrome. The anterior, middle, and even poste-
rior stroma can be involved in advanced cases. Electron microscopy is required to
distinguish RBCD from TBCD. In RBCD, rod-shaped subepithelial bodies are seen,
while curly fibers are characteristic for TBCD [3].

Management: treatment of corneal erosions is similar to that of other dystro-
phies. Phototherapeutic keratectomy (PTK) can be beneficial in some cases. In
advanced corneal involvement, keratoplasty might be helpful.

3.2.2 Thiel-Behnke corneal dystrophy (TBCD)

TBCD is also known as corneal dystrophy of Bowman’s layer type II, curly fibers
corneal dystrophy, Waardenburg-Jonkers corneal dystrophy, and, most commonly,
“honeycomb dystrophy.” It was first described in 1967 [36-38].

Inheritance: autosomal dominant.

Genetic locus and gene: 5g31, TGFBI.

Category: C1.

Onset: during the first decade of life.

Symptoms: visual deterioration occurs later, and recurrent corneal epithelial ero-
sions are less frequent than in RBCD. Slowly progressive corneal scarring is the main
cause of decreased vision. The recurrence of corneal erosions decreases with time.

Signs: irregularly shaped scattered opacities and solitary flecks at the level of the
Bowmanss layer are present in the initial stages. Then, central honeycomb opacities
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are observed in the subepithelial area. As in patients with RBCD, corneal opacities
can progress peripherally and to deeper stromal layers. Prominent corneal nerves
can be seen. The corneal periphery remains clear even as the lesions progress.
Corneal sensation might be affected. Reis-Buckler’s dystrophy and Thiel-Behnke
can be clinically distinguished by the minimal loss of corneal sensation and honey-
comb opacity that occurs with Thiel-Behnke dystrophy [37, 39].

Histopathology: irregular thickening and thinning of the epithelial layer due to
irregular underlying stroma with focal absence of the epithelial basement membrane.
Wavy saw-toothed superficial fibro-cellular pannus replaces the Bowman’s layer [3].

Management: treatment is indicated only in symptomatic cases. The episodes of
recurrent erosion are treated like the previous dystrophies. Hypertonic drops and
ointment may be beneficial. In some cases, debridement of the corneal epithelium
may be necessary. Phototherapeutic keratectomy (PTK) can also help with recur-
rent erosions or superficial opacifications [37, 39]. Keratoplasty is reserved for
deeper lesions, but the dystrophy may recur in the donor graft.

3.2.3 Lattice corneal dystrophy, type 1 (LCD1) and variants

Inheritance: autosomal dominant.

Variants: LCD (I, IIIA, I/IIIA, IV). Lattice corneal dystrophy type 2 (LCD2) is a
misnomer and should be termed familial amyloidosis, Finnish type, or gelsolin type
as suggested by the IC3D. LCD2 is also known as Meretoja syndrome.

Genetic locus and gene: 5q31, TGFBI.

Category: C1.

Onset: during the first two decades of life.

Symptoms: visual deterioration, discomfort, and pain. Recurrent attacks of
corneal erosions occur early in the course of LCD1. Patients with progressive visual
impairment are seen within the fourth decade.

Signs: central superficial fleck-like opacities are seen initially. By using retro-illu-
mination technique, sparse peripheral lattice lines are visible initially in the super-
ficial stroma (Figure 1A). Centrally located, superficial branching refractile lines
resembling tree branches and round/ovoid whitish dots are also detected in the first
decade (Figure 1B). Central and paracentral diffuse subepithelial haze develops
alongside the lattice lines. They typically spare the limbus, Descemet’s membrane,
and endothelium. The average depth in the stroma is about 79 pm [40]. Reduction
of visual acuity is caused by the progression of the stromal haze (Figure 1C). LCD1
may be asymmetric or even unilateral. Central thicker lattice lines are seen in vari-
ant LCD type IIIA, while LCD type IV is characterized by deeper deposits without
epithelial erosion.

Figure 1.

(A) The appearance of the lattice deposits with retro-illumination, (B) slit lamp appearance of the
lattice configuration of the stromal deposits in this type of dystrophy, and (C) clinical appearance
of an advanced case of lattice dystrophy.
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Histopathology: the corneal epithelium is atrophic with degenerative changes
of basal epithelial cells. The Bowman’s layer is disrupted or even absent.
Subepithelial accumulation and stromal accumulation of amyloid deposits alter
the architecture of corneal collagen lamellae (Figure 2). These deposits stain
positive with Congo red and show birefringence with polarizing light (Figure 3)
[41]. Metachromasia and fluorescence are demonstrated with crystal violet and
thioflavin T staining, respectively. Descemet’s membrane and the endothelium
are normal [3].

Management: treatment is based on the symptoms and the depth of the deposits.
Options might include phototherapeutic keratectomy (PTK) with anterior lesions
and where there are recurrent corneal erosions, lamellar keratoplasty (LKP) and
penetrating keratoplasty (PKP) for deeper lesions. Reports on recurrence after
DLKP that was associated with incomplete removal of corneal stroma [42]. Overall,
recurrence was reported to be earlier compared to macular and granular corneal

dystrophies [43].
3.2.4 Granular corneal dystrophy, type 1 (classic) (GCD1)

Inheritance: autosomal dominant.
Genetic locus and gene: 5g31, TGFBI.
Category: C1.

Onset: early childhood.

Figure 2.
The amyloid deposits within the stroma in lattice dystrophy (original magnification 200x hematoxylin & eosin,).

Figure 3.
The same amyloid deposits staining with Congo ved stain (oviginal magnification 400x Congo red).
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Symptoms: patients usually complain of glare, photophobia, and recurrent ero-
sions. Visual deterioration occurs as corneal opacification progresses with time as
the opacities become more confluent.

Signs: initially, subepithelial verticillate-like opacities are evident by retro- and
direct illumination. Later, there will be white well-defined granules with clear inter-
vening stroma (Figure 4). Typically, opacities do not extend to the limbus. With
age, granules extend deeper into the corneal stroma close to Descemet’s membrane.

Histopathology: multiple stromal deposits may extend from deep epithelium to
Descemet’s membrane. Hyaline opacities stain with Masson trichrome (Figure 5A
and B) [3, 41].

Management: treatment options if symptomatic include lubrication, hypertonic
solution, and bandage contact lenses. Phototherapeutic keratectomy (PTK) and
keratoplasty for deeper lesions. Recurrence occurred in all grafts within 4 years [44].

3.2.5 Granular corneal dystrophy, type 2 (GCD2)

Nomenclature: also called combined granular-lattice corneal dystrophy or
Avellino corneal dystrophy. It was named after the Avellino region in Italy, where
first cases have been reported.

Inheritance: autosomal dominant.

Genetic locus and gene: 5q31, TGFBI.

Category: C1.

Onset: in homozygous patients, the onset is in early childhood. Heterozygous
patients present in late childhood.

Figure 4.
The clinical appearance of granular dystrophy (courtesy of Dv. Hatem Kalantan, associate professov, Department
of Ophthalmology, King Saud University, Riyadh, SA).

Figure 5.

(A) The histopathological appearance of the hyaline deposits in granular dystrophy (original magnification 200x
periodic acid-Schiff) and (B) the same deposits highlighted using special stain (original magnification 200x
Masson Trichrome).
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Figure 6.

The clinical appearance of Avellino dystrophy with classic combined spiky opacities as well as the granular
deposits (courtesy of Dr. Majed Alkharashi, FRCS C, assistant professor, Department of Ophthalmology, King
Saud University, Riyadh, SA).

Figure?7.

The histopathological appearance of the two kinds of deposits: superficial hyaline deposits (black arrow)
and the amyloid deposits (labeled as #2 with red arrow) deeper in the stroma (original magnification 100x
periodic acid-Schiff).

Symptoms: recurrent erosive attacks. Visual deterioration occurs when visual axis
is involved. Homozygotes are having a more rapid course.

Signs: initially, very small superficial stromal tiny whitish dots with small spokes
that are usually arranged linearly like a string of pearls. With time, the center of
the opacity fades resembling a ring. The anterior stromal deposits take the shape of
spiky stars, icicles, or spider. The posterior corneal stroma may demonstrate linear
or dot-like branching stromal opacities. The lines or dashes in GCD2 can be differ-
entiated from LCD in that in GCD2 the lines are whiter, compared to the refractile
nature of lattice lines in LCD. In addition, in GCD2, typically, the lines do not
cross, while lattice lines in LCD characteristically intersect resulting in the lattice
configuration. Compared to GCD1, patients with GCD2 have fewer stromal opaci-
ties (Figure 6). Homozygote patients present earlier with frequent superficial small
dots and larger, dense superficial opacities in stroma that become deeper with age.

Histopathology: the abnormal corneal deposits extend from the basal epithelium
to the deep stroma. Hyaline and amyloid materials are deposited and stain with
Masson trichrome and/or Congo red (Figure 7). More severe histopathological
findings are seen in homozygotes [3].

Management: treatment is usually not required. Refractive surgery is
contraindicated.

3.3 Stromal dystrophies

The included dystrophies are:
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1.Macular corneal dystrophy (MCD)

2.Schnyder corneal dystrophy (SCD)

3. Congenital stromal corneal dystrophy (CSCD)
4.Fleck corneal dystrophy (FCD)

5. Posterior amorphous corneal dystrophy (PACD)
6. Central cloudy dystrophy of Frangois (CCDF)

7.Pre-Descemet corneal dystrophy (PDCD)

3.3.1 Macular corneal dystrophy (MCD)

Nomenclature: macular corneal dystrophy (MCD) is also known as Groenouw
corneal dystrophy type II and Fehr spotted dystrophy [45, 46].

Inheritance: autosomal recessive.

Variants: Three variants that are clinically indistinguishable but on the basis of
immunoreactivity of specific sulfated epitopes of antigenic keratan sulfates (AgKS)
in the cornea and the serum:

1.MCD type I: no AgKS reactivity in the cornea and in the serum.

2.MCD type IA: keratocytes demonstrate AgKS reactivity, but not the extracel-
lular tissue. No AgKS in the serum.

3.MCD type II: all deposits react with AgKS. Serum has normal or low levels of
AgKS.

Genetic locus and gene: 16q22, carbohydrate sulfotransferase 6 gene—CHSTS6.

Category: C1.

Onset: during the first decade of life.

Symptoms: slowly progressive visual deterioration which becomes severe during
the second and third decades. Light sensitivity and recurrent epithelial erosions can
rarely be seen. Corneal sensation is reduced.

Signs: early in the course of the disease, central superficial whitish fleck-like opaci-
ties develop. Compared to GCD, these opacities extend peripherally to the limbus and
the deep stroma down to Descemet’s membrane. The intervening corneal stroma devel-
ops a progressive and diffuse haze (Figure 8). The epithelium is typically intact and,
thus, corneal epithelial erosions are rare. The corneal thickness is reduced. Later in the
course of the disease, corneal guttata and, rarely, endothelial decompensation occur.

Histopathology: glycosaminoglycans (GAGs) accumulate intracellularly and
in the extracellular space and are better demonstrated with Alcian blue stain
(Figure 9A and B). Breaks in the Bowman layer are observed. Stromal thinning
and an overlying epithelial hyperplasia. Descemet’s membrane and endothelium
are involved. Descemet’s membrane thickening and guttata are seen infrequently
[3, 41]. Ultrastructural imaging and three-dimensional imaging of corneas with
MCD demonstrate a clear organization of proteoglycans around the collagen
fibrils. The collagen fibril diameter is significantly smaller than those of the
normal cornea [47].
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Figure 8.
The clinical appearance of macular dystrophy.

Figure 9.

(A) The histopathological appearance of the deposits in a case of macular dystrophy involving the full stromal
thickness and the endothelium with secondary guttata (original magnification 200x periodic acid-Schiff)

and (B) the glycosaminoglycan deposits in this dystrophy are demonstrated using Alcian blue stain (original
magnification 200x ).

Management: the treatment depends on the symptoms. Photophobia may be treated
with lubrication and tinted contact lens. Superficial opacities can be treated with PTK
and keratoplasty with deeper lesions. Recurrence may appear on the donor grafts [48].

3.3.2 Schnyder corneal dystrophy (SCD)

Inheritance: autosomal dominant.

Genetic locus and gene: 1p36, UbiA prenyltransferase domain containing
1—UBIAD1.

Category: C1.

Onset: the diagnosis is usually made during the second or third decade although
onset may be in childhood. In patients with the crystalline form, diagnosis may be
further delayed.

Symptoms: slowly progressive visual loss and glare. Scotopic vision is better than
photopic vision. Corneal sensation decreases with age. It may be associated with
hyperlipoproteinemia (type Ila, III, or IV). Significant visual deterioration usually
occurs during the sixth decade.

Signs: clinical findings largely depend on the age of the patient. In patients who
are 23 years or younger, a central round ring-like opacity or central comma-shaped
subepithelial crystals are seen. Arcus lipoides usually develops in patients between
23 and 38 years of age. Diffuse stromal haze also develops after the age of 38.
Almost 50% of patients demonstrate corneal crystals, which may be unilateral, and
can occur late in the disease course.
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Histopathology: intracellular and extracellular esterified and unesterified
phospholipids and cholesterol are deposited in basal epithelial cells, Bowman’s
layer, and stroma. Fresh tissue stains positive with Oil Red O or Sudan black.
Moreover, secondary amyloid and GAG depositions in cases with SCD were
published [3].

Management: treatment is by excimer keratectomy or corneal transplantation
procedures.

3.3.3 Congenital stromal corneal dystrophy (CSCD)

Inheritance: autosomal dominant.

Genetic locus and gene: 12q21.33, decorin, DCN.

Category: C1.

Onset: at birth.

Symptoms: variable degree of visual deterioration and less commonly photophobia.
It is slowly progressive or even stationary.

Signs: diffuse, bilateral corneal clouding with whitish pan-stromal opacities.
The corneal epithelium is intact. The corneal stroma is thicker than in normal
individuals.

Histopathology: irregular separation of the corneal stromal lamellae that might
contain amorphous material [3].

Management: spectacles or contact lenses for refractive errors, penetrating
keratoplasty.

3.3.4 Fleck corneal dystrophy (FCD)

Inheritance: autosomal dominant.

Genetic locus and gene: 2q34, phosphoinositide kinase, FYVE finger
containing— PIKFYVE.

Category: C1.

Onset: at birth or during the first years of life.

Symptoms: FCD is typically asymptomatic or associated with photophobia. Itisa
stationary dystrophy.

Signs: small, discrete, translucent, dandruff-like opacities scattered at any level
of the corneal stroma and may extend to the limbus. The epithelium, Bowman’s
layer, Descemet’s membrane, and endothelium are usually normal. The involvement
can be asymmetric or unilateral.

Histopathology: the keratocytes are swollen and vacuolated and contain GAGs
and complex lipids [3].

Management: treatment is usually not required.
3.3.5 Posterior amorphous corneal dystrophy (PACD)

Inheritance: autosomal dominant.

Genetic locus and gene: 12q21.33, deletion of keratocan (KERA), lumican (LUM),
decorin (DCN), and epiphycan (EPYC).

Category: C1.

Onset: it is usually in the first decade of life.

Symptoms: mild slowly progressive, or nonprogressive, reduction of visual
acuity.

Signs: diffuse gray sheet-like stromal opacities most prominent posteriorly.
Corneal thinning is noted. Characteristic corneal flattening to less than 41 diop-
ters with hyperopia. Descemet’s membrane may be indented by the opacities.

17


https://12q21.33
https://12q21.33
http://dx.doi.org/10.5772/intechopen.84426

Frontiers in Ophthalmology and Ocular Imaging

Endothelial abnormalities have been reported. Other ocular associations include
prominent Schwalbe’s line, fine iris processes, pupillary remnants, iridocorneal
adhesions, and iris hypoplasia. Notably, there is no associated glaucoma.
Histopathology: irregular posterior stromal lamellae. Positive staining with colloidal
iron anterior to the Descemet’s membrane. Localized attenuation of endothelial cells [3].
Management: if visual impairment is significant, penetrating keratoplasty is
indicated.

3.3.6 Central cloudy dystrophy of Francois

Inheritance: mostly unknown. Autosomal dominant inheritance has been
reported.

Genetic locus and gene: none.

Category: C4.

Onset: it usually presents in the first decade of life.

Symptoms: typically, asymptomatic.

Signs: nonprogressive central cloudy or rounded stromal opacities that are
surrounded by clear tissue. It is clinically indistinguishable from posterior crocodile
shagreen, a corneal degeneration. It has been associated with pseudoxanthoma
elasticum, pre-Descemet’s dystrophy, glaucoma, polymorphic amyloid degenera-
tion, and keratoglobus.

Histopathology: no description has been reported in familial cases. Positive stain-
ing for GAGs [3].

Management: if visual impairment is significant, penetrating keratoplasty is
indicated.

3.3.7 Pre-Descemet corneal dystrophy (PDCD)

Inheritance: there is no clear pattern of inheritance. It can be isolated although it
has been described in certain families up to four generations. Autosomal dominant
in inheritance in 1 pedigree has been reported in the punctiform and polychromatic
PDCD. Deep corneal stromal opacities are frequently seen in X-linked ichthyosis.

Genetic locus and gene: isolated PDCD—unknown genetic locus and gene. PDCD
associated with X-linked ichthyosis—Xp22.31, steroid sulfatase (STS).

Category: C1 in PDCD associated with X-linked ichthyosis. C4 in isolated PDCD.

Onset: usually during the fourth. However, it has been reported in children as
young as 3 years.

Symptoms: typically, asymptomatic. Punctiform and polychromatic PDCD are
stationary. Other forms are progressive.

Signs: the specific signs depend on the PDCD subgroups. Notably, many of the
subgroups may represent sporadic or age-related degenerative changes. Deep stro-
mal focal, fine opacities that may be central, annular, or diffuse. The changes are
more uniform and polychromatic in an otherwise normal cornea in the punctiform
and polychromatic subtypes.

Histopathology: enlarged keratocytes in the posterior corneal stroma containing
vacuoles and intracytoplasmic inclusions of lipid-like material [3].

Management: usually not required.

3.4 Endothelial dystrophies
The included dystrophies are:

1. Fuchs endothelial corneal dystrophy (FECD)
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2. Posterior polymorphous corneal dystrophy (PPCD)
3. Congenital hereditary endothelial dystrophy (CHED)
4.X-linked endothelial corneal dystrophy (XECD)

3.4.1 Fuchs endothelial corneal dystrophy (FECD)

FECD was first described in 1910 [49]. It is a noninflammatory, slowly pro-
gressive degeneration of endothelial cells which leads to corneal decompensation
edema.

Inheritance: the genetic basis of FECD is complex and heterogeneous. Most cases are
without a known inheritance pattern. Some autosomal dominant cases were reported.

Genetic locus and gene:

1. Early-onset FECD: 1p34.3-p32 (FECD1), collagen type VIII, alpha-2, COL8A2.

2. Late-onset FECD: reported genetic loci include 13pter-q12.13 (FECD2), 18q21.2-
q21.3 (FECD3), 20p13-p12 (FECD4), 5q33.1-q35.2 (FECD5), 10p11.2 (FECD®6),
9p24.1-p22.1 (FECD7), and 15q25 (FECDS). The gene is not identified.

Category: C1 in early-onset FECD, C2 in patients with identified genetic loci, and
C3 in patients without known inheritance.

Onset: the patients are usually in the fourth decade or older. Early-onset FECD
starts in the first decade. There is a female predominance at a ratio of 2.5:1 to 3:1.

Symptoms: progressive intermittent reduction in vision worse in the morning
from epithelial/stromal edema caused by overnight eye closure. Epithelial erosions
resulting from ruptured epithelial bullae typically cause pain, photophobia, and
tearing. Patients also complain of progressive visual deterioration.

Signs: the signs of FECD can be reflected in four stages:

Stage 1: central cornea guttata that spreads peripherally. Some never progress to
later stages. Corneal guttae in late-onset FECD are larger than those seen in early-
onset FECD.

Stage 2: endothelial decompensation and stromal edema. Corneal endothelium
has a beaten metal-like appearance with a thickened Descemet’s membrane.

Stage 3: intraepithelial and interepithelial edema with epithelial bullae (bullous
keratopathy).

Stage 4: subepithelial fibrosis, scarring, and peripheral superficial vasculariza-
tion occurring in long-standing cases.

Histopathology: thickening and multilaminar Descemet’s membrane with hyaline
excrescences and atrophic endothelial cells that are reduced in number (Figure 10).
There is an increasing waviness of the stromal collagen lamellae [3].

Management: treatment in early stages can be done by conservative measure.
Hypertonic sodium chloride drops or ointment can be helpful [50]. Bandage
contact lenses may alleviate pain from ruptured epithelial bullae. In advance cases a
Descemet stripping endothelial keratoplasty (DSEK) procedure might be required
either combined with cataract extraction or alone. In cases where there is opacifica-
tion of the stroma, a full penetrating keratoplasty might be necessary [51].

3.4.2 Posterior polymorphous corneal dystrophy (PPCD)

Inheritance: autosomal dominant. Isolated nonhereditary unilateral cases have
been reported.
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Figure 10.
Descemet’s membrane appearance in a case of Fuchs’ endothelial dystrophy with typical excrescences (original
magnification 400x periodic acid-Schiff).

Genetic locus and gene: there are three known loci as follows:

PPCD 1: 20p11.2-q11.2, unknown gene

PPCD 2: 1p34.3-p32.3, collagen, type VIII, alpha-2 (COL8A2)

PPCD 3: 10p11.22, zinc finger E box-binding homeobox 1 (ZEB1)

Category: C2 in PPCD 1, C1in PPCD 2 and PPCD 3.

Onset: during the first decade of life.

Symptoms: initially asymptomatic. Gradual visual loss occurs secondary to cor-
neal edema. Endothelial changes often are possibly slowly progressive over years.
Those changes may eventually lead to corneal decompensation.

Signs: asymmetric geographic gray opacities, vesicular lesions that can be single
or grouped, usually in the inferior paracentral cornea. Gray-white endothelial bands
with white flaky material along the bands. Diffuse opacification of Descemet’s
membrane and large vesicular endothelial opacities are seen in some cases. Guttata
can be rarely seen. Corneal steepening has been reported, especially in PPCD 3,
with corneal keratometry power of more than 48.0 diopters. Visually significant
corneal edema, peripheral iridocorneal adhesions, and glaucoma are well-docu-
mented manifestations of PPCD.

Histopathology: focal fusiform or nodular excrescences formed by multiple layers
of collagen on the posterior surface of Descemet’s membrane. In addition, redupli-
cation of the endothelial cell layer, blebs, or discontinuities is observed [3].

Management: treatment in the majority of patients is not indicated unless the
patient is symptomatic; then treatment steps are similar to that of Fuchs endothelial
corneal dystrophy.

3.4.3 Congenital hereditary endothelial dystrophy (CHED)

Inheritance: autosomal recessive.

Genetic locus and gene: 20p13, solute carrier family 4, sodium borate transporter,
member 11—(SLC4A11) gene mutations.

Category: C1, C3 in cases without SLC4A11 mutations.

Onset: at birth.

Symptoms: nonprogressive congenital corneal clouding associated with blurred
vision and nystagmus. Usually no tearing or photophobia.

Signs: bilateral variable limbus-to-limbus corneal clouding with occasional
focal gray spots. Extensive corneal thickening (double or triple the normal corneal
thickness). Rarely, secondary band keratopathy and elevated intraocular pressure.
Significantly lower than normal endothelial cell count.
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Histopathology: diffuse epithelial and pan-stromal edema associated with defects
in the Bowman’s layer. Degenerative and atrophic endothelial cells and a thickened
laminated Descemet’s membrane (Figure 11) [3]. Subepithelial amyloid deposition
was found in 6.6% (Figure 12) [52].

Management: most CHED patients require corneal transplantation for visual
rehabilitation. Better outcomes were seen with patients with delayed onset of the
disease. Descemet stripping endothelial keratoplasty (DSEK) is an alternative to
full-thickness keratoplasty for CHED with promising results [53-55].

3.4.4 X-linked endothelial corneal dystrophy (XECD)

Inheritance: X-chromosomal dominant.

Genetic locus and gene: Xq25, unknown gene.

Category: C2.

Omset: at birth.

Symptoms: asymptomatic and nonprogressive in females, minimally progressive
decrease in vision in males.

Signs: in males, congenital corneal clouding that can range from diffuse haze to
ground-glass and milky appearance of the cornea with possible nystagmus. It can
present only with moon crater-like endothelial changes with or without secondary
band keratopathy. In females, moon crater-like endothelial changes are observed.

Figure 11.
The appearance of thick Descemets membrane with attenuated endothelium in CHED (original magnification
400x periodic acid-Schiff).

Figure 12.
Subepithelial amyloid deposits (black arrow head) in another case of CHED (oviginal magnification 100x
hematoxylin & eosin).
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Histopathology: irregularity and thinning of the epithelium and Bowman’s
layer. Moon crater-like endothelial changes and subepithelial keratopathy.
Irregularly arranged stromal collagen lamellae. Irregular thickening of
Descemet’s membrane with atypically appearance or loss of endothelial
cells [3].

Management: a penetrating keratoplasty may be indicated in males in which
corneal opacification significantly impairs vision.

4. Corneal degenerations

Corneal degenerations represent physiological decomposition or alteration of
tissue elements and/or functions. They usually occur later in life with variable rate
of progression and can be asymmetrical.

4.1 Epithelial and subepithelial degenerations
4.1.1 Pterygium

It is similar to pinguecula histopathologically where the substantia propria shows
pseudo-elastotic changes, numerous blood vessels, and curly fibers but invades the
cornea resulting in loss of Bowman’s layer and epithelial changes (Figure 13A and B).
They can cause astigmatism, interfere with contact lens fitting, and may cause ocular
motility restriction. Advanced pterygia are treated surgically with the use of antime-
tabolites or conjunctival graft [56].

4.1.2 Environmental proteinaceous corneal degeneration (EPCD)

Previously known as “spheroidal degeneration” or “climatic droplet keratop-
athy.” It is characterized by the presence of yellowish aggregates that accumulate
near the limbus and then progressively extend toward the central part of the
cornea within the palpebral fissure. The globular amorphous material is primar-
ily deposited in the area of Bowman’s layer and can be demonstrated using an
elastic stain (Figure 14). It can be primary or secondary, affecting males, and is
related to cornea microtrauma caused by wind, dust, and ultraviolet radiation
[57, 58].

Figure 13.

(A) The clinical appearance of a nasal pterygium and (B) pterygium showing pseudo-elastotic degeneration
with an area of limbal stroma and climatic droplet kevatopathy (CDK) deposits (original magnification 200x
hematoxylin & eosin).
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4.2 Stromal (central)

Central stromal degenerations include:

1. Mosaic (crocodile) shagreen

2.Cornea farinata

3. Polymorphic amyloid degeneration
4.3 Peripheral stromal

Peripheral stromal degenerations include:

1. White limbal girdle of Vogt: types I and II

2.Corneal arcus

3.Senile furrow degeneration

4. Terrien’s marginal degeneration
4.4 Post-inflammatory corneal degenerations
4.4.1 Band-shaped keratopathy

Occurs as dense calcium deposits in the form of whitish calcium hydroxyapatite
or yellowish hydroxyl apatite and phosphate within the superficial cornea and
Bowmans layer across the interpalpebral fissure (Figure 15). Common causes
include hypercalcemia of variable etiology, chronic ocular diseases such as uveitis,
and gout, and it can be idiopathic. It can be safely treated by calcium chelation
using warm neutral disodium ethylenediaminetetraacetic acid (EDTA) [59].

4.4.2 Salzmann’s nodular degeneration

Initially described in 1925 as a nodular post-inflammatory keratopathy resulting
in disruption of Bowman’s layer, subepithelial fibrosis and vascularization [60].

Figure 14.
An early case of CDK with the deposits at Bowman’s layer level (original magnification 200x elastic stain).
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Figure 15.
The corresponding subepithelial calcium deposits (original magnification 400x hematoxylin & eosin).

Figure 16.

(A) Clinical case of peripheral hypertrophic subepithelial corneal degeneration (PHSD) and (B) epithelial
thickening, absence of Bowman’s layer and subepithelial fibrosis in a similar case of PHSD (original
magnification X400 periodic acid-Schiff).

It appears to affect middle-aged women and to have good prognosis if properly
treated medically using lubrication and surgically by superficial keratectomy [61].
The electron microscopy of these nodules shows irregular lamellae, and kera-
tocytes that are covered by an interrupted basement membrane Bowman’ layer is
replaced by collagenous material, which shows positive vimentin straining [57].

4.4.3 Peripheral hypertrophic subepithelial corneal degeneration

It is a more recently recognized uncommon corneal degeneration, which is typi-
cally peri-limbal, slowly progressive, and bilateral. It tends to occur in white women
with unknown etiology and, however, resembles Salzmann’s nodular degeneration
in appearance (Figure 16A and B) [62, 63]. Ultraviolet radiation and limbal insuf-
ficiency have been proposed in the pathogenesis [64].

The fibrotic process has been linked to low-grade inflammation with low TGF
F-B1 concentrations [62]. Surgical excision might be required for treatment of
symptomatic cases, and the recurrence is not common [63].

4.4.4 Others
Amyloid degeneration and lipid keratopathy.
4.5 Endothelial

Hassall-Henle bodies.
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4.6 Corneal pigmentations

Iron lines: there are multiple theories behind the formation of such lines with
iron deposits typically within the corneal epithelium at various levels [57].
They include:

1. Hudson-Stahli line: in aging cornea

2.Stocker’s line: at the edge of chronic pterygium
3.Fleischer’s ring: at the base of the corneal protruding cone in keratoconus

4.Ferry’s line: in front of a filtering bleb

5. Ectatic corneal disorders
5.1 Keratoconus

Dudell in 1729 described a patient with protruding cornea and deteriorating
vision; this was the earliest references to keratoconus [65]. Initial classifica-
tion of the disease was dependent on the clinical pattern of the ectatic cone and
included round or nipple cones with a central or oval protrusion and oval cones
(Figure 17A). Amsler contributed to the disease detection by using a Placido’s
disk to determine early cases [66]. In the 1980s, the first color-coded Placido map
of corneal curvature was published and led to multiple commercially available
computerized video-keratoscopes [67, 68]. Then the more detailed elevation-based
topographic devices and pachymetric mapping were developed and enabled more
through assessment of the condition.

The onset of keratoconus typically begins at puberty but might begin during
childhood and undergoes variable progression until the third or fourth decade
[69-71]. It is a bilateral condition that is highly asymmetrical that can be associated
with atopy, Down’s syndrome, Leber’s congenital amaurosis, retinitis pigmentosa,
Marfan’s syndrome, and mitral valve prolapse [65, 72].

It can present as a sporadic condition; a positive family history has been docu-
mented not infrequently. It is suggested that that there is an autosomal dominant
form of the disorder with variable phenotypic expression in 90% of those with
familial keratoconus [65, 73].

The symptoms may vary widely depending on the degree of astigmatism, degree
of irregularity, and presence of scarring. Slit lamp findings may include the presence
of a Fleischer’ ring, which is iron epithelial deposits (described earlier), and can be

Figure 17.
(A) The clinical thinning of the ectatic cornea in keratoconus (KC) and (B) a Fleischer ring indicating iron
deposition around the cone in a case of keratoconus.
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Figure 18.
Topography showing steep keratometry maps with irregular astigmatism mirroving the area of thinning with
high reading on anterior and posterior elevation maps.

seen better with the use of the cobalt blue filter (Figure 17B) [72]. Reticular scarring
at the level of bowman’s lay can be seen as well as striations in Descemet’s membrane
and the deep stroma (Vogt’s striae). These striations represent corneal stress lines
that parallel the axis of the cone [65, 74]. In advanced cases of keratoconus, Munson’s
sign and Rizzuti’s sign can also be seen on gross inspection [75]. Ophthalmoscopy can
show the outline of the early cone as an oil droplet against the background red reflex
of the fundus. Retinoscopy on a patient with early keratoconus may show scissoring
of the retinoscopic reflex. In cases of severe keratoconus, individuals might develop
an acute onset of pain, blurred vision, and photophobia. Examination reveals diffuse
corneal edema that results from a break in Descemet’s membrane.

The ability to detect early and subclinical (forme fruste) keratoconus might be
difficult depending on clinical examination alone. The use of corneal topographies
has improved our ability to distinguish very early cases. Many indices were proposed
and artificial intelligence methods such as the KISA% index and the Rabinowitz-
McDonnell test have all been developed to help diagnose keratoconus in different
stages of the disease and most importantly in early cases. Recent efforts looking at
the relational thickness of the central and peripheral cornea have been helpful in the
early detection of disease [76]. Modern elevation-based corneal topography provides
three-dimensional reconstruction of the cornea enabling evaluation of the anterior
and posterior corneal surfaces and assessing the thickness maps (Figure 18).

Histopathological studies of corneas with keratoconus demonstrated breaks in
Bowmanss layer or the complete absence of the layer, stromal collagen disorganiza-
tion, scarring, and generalized central thinning of the stroma (Figure 19A).

Treatment options start with spectacle correction, toric soft contact lens, and
hard contact lens wear. In some cases, the use of intrastromal corneal implants
might be helpful. Keratoplasty (lamellar or penetrating) is reserved for more
advanced cases with an overall good success rate (Figure 19B).
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Figure 19.

(A) The evident stromal thinning with compensatory thickening of the epithelium and breaks in Bowman’s
layer in KC (original magnification 100x periodic acid-Schiff) and (B) the postoperative appearance of
lamellar keratoplasty done for a patient with keratoconus.

Figure 20.
(A) Slit lamp lit appearance of peripheral corneal thinning in a case of pellucid marginal degeneration
(PMD) and (B) side view of the inferior corneal bulge in PMD.

5.2 Pellucid marginal degeneration

Pellucid marginal degeneration (PMD) is an ectatic corneal disease that is
progressive, bilateral noninflammatory, with thinning involving the inferior cornea
in a crescentic pattern [65]. Typically, this thinning occurs inferiorly 1-3 mm from
the limbus (Figure 20A and B). A band of normal cornea is found inferior to the
ectatic area. This configuration causes the superior cornea to protrude over the ecta-
sia causing a “beer belly” configuration [77]. PMD affecting the superior cornea
is documented in the literature [78-81]. There might be an association with vernal
keratoconjunctivitis, atopy, and frequent rubbing of the ocular surface [65].

It can be managed by hard contact lenses or soft toric contact lens. Surgical
treatment options are technically difficult and have lower success rates than in
keratoconus. Crescentic lamellar keratoplasty, epikeratoplasty, and corneal wedge/
resection all have been attempted with variable results.

5.3 Keratoglobus

Keratoglobus is a rare, noninflammatory ectatic disorder characterized by
bilateral corneal from limbus to limbus. The corneal diameter is typically normal,
and the cornea is clear, except in cases of hydrops. It can be associated with two
autosomal recessive diseases, Ehlers-Danlos and Blue-Sclera syndrome. Acquired
keratoglobus may appear de novo or may be associated with other ocular diseases,
such as vernal keratoconjunctivitis, blepharitis, Leber’s congenital amaurosis, and
thyroid ophthalmopathy [82].
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Penetrating keratoplasty, while the classical surgical treatment for other corneal
diseases, is not appropriate in keratoglobus patients. Other procedures, such as inlay
lamellar keratoplasty and limbus-to-limbus epikeratoplasty, have been attempted
with variable results [83-85]. Preferably a spectacle correction as this also provides
protection from rupture. Contact lenses can also be used.
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Chapter2

Optical Coherence Tomography in
the Management of Glaucoma and
Macular Diseases

Lawan Abdu

Abstract

Optical coherence tomography (OCT) is a non contact, non invasive and repro-
ducible imaging technique that produces thin slices of tissue section images. OCT
identifies retinal nerve fiber damage before detection of visual field changes making
it a handy and effective tool in early detection and monitoring in glaucoma. Retinal
fiber layer thickness measurements provide vital knowledge of extent of neural
damage. This enables the clinician to counsel the patient and take the best decision
towards achieving glaucoma control. Early and quantifiable macular thickness
measurements are obtained, allowing for detection of clinically significant diabetic
macular edema. OCT allows monitoring of the impact of laser or other interven-
tions. Changes in age-related macular degeneration are relatively easily determined
and impact of treatment interventions monitored. In conclusion, OCT is a vital
emerging tool in the evaluation and management glaucoma and macular diseases in
all parts of the World, including low income countries of sub-Saharan Africa.

Keywords: OCT, glaucoma, macular, diseases, management

1. Introduction

Optical coherence tomography (OCT) is a noninvasive, noncontact, and repro-
ducible investigation. The relatively new technology is comparable to ultrasound that
utilizes low coherence interferometry to produce cross-sectional images of the retina.
The functional principle behind OCT imaging is light interference [1]. Infrared light
from a luminescent diode source is divided into two, one of which is reflected from
areference mirror and the other scattered from retinal tissues. The reflected beams
from the two sources are made to produce interference pattern, thus obtaining the
echo time delay and their amplitude information which makes up an A-scan. The
cross-sectional images are generated by measuring the echo time delay and intensity
of light reflected from internal structures in the retina [2]. Scattering is a property of
heterogonous medium and arises due to variation in refractive index between tissues
structures. An interferometric technique analyzes the reflected light signal, and a
transverse scanning mechanism captures the A-scans from adjoining retinal locations
to produce a two-dimensional image [3]. OCT produces high-resolution images which
allows detailed assessment of retinal thickness and morphologic evaluation of retinal
layers [4]. The image is colored to enhance tissue recognition. There are two models
described: time domain (TD-OCT) and Fourier domain (FD-OCT). In TD-OCT,
measurements of the light echoes are detected sequentially by stepwise movement

35 IntechOpen



Frontiers in Ophthalmology and Ocular Imaging

of the reference mirror, while in FD-OCT, the light echoes and the source from all
axial depth are detected as modulations in the source spectrum simultaneously [5].
One of the main differences is the reference mirror in TD-OCT. The moving mirror
causes inertia and limits mechanical performance of the TD-OCT. Elimination of
this mechanical translation leads to faster data acquisition speed in FD-OCT. The
instantaneous current generated in an FD-OCT detection system by incoming light
is a function dependent on the source wavelength sampled at a particular instance.
The acquired data is transformed into axial scan information (A-scan) by an inverse
Fourier transform [6]. Fourier Dormain-OCT consists of two primary methods,
spectral dormain and swept source OCT. The two variants are abbreviated as SD and
SS domain OCT, respectively.

The Spectral domain OCT employs principle of Michelson-type interferometry
that utilizes a static reference mirror. The generated interference signal is detected
and the dual returning beams are recombined to form an interference pattern
at the beam splitter. At this point a diffraction grating disperses the beam which
is detected by a high-speed charge-couple device (CCD) camera. The generated
interference pattern detected by the line camera produces an array that results
in obtaining tissue reflectivity as a depth function. The detection rate of the line
sensor defines the acquisition speed of such systems [7]. Interference patterns are
dispersed quite rapidly before detection in spectral domain OCT while in the Swept
source OCT a laser with a limited spectral line within the available bandwidth of the
source scan the tissues in a regulated way. Subsequently, the mirror reflected refer-
ence beam generates an interference pattern with the light backscattered by the tis-
sue and this is identified by the detector. Point detection is one advantage that swept
source has over spectral domain OCT because of its higher signal-to-noise ratio
when compared to line detectors [8]. Fourier domain OCT has reduced artifacts and
faster scan acquisition time which permits three dimensional image construction
[9]. High reflectivity tissues are depicted in red, medium yellow to green while low
appears as blue to black.

The limitations of OCT include poor signal strength in the presence of opacity in
the ocular media which prevents data acquisition. Patients with macular problems
that reduced the central vision may have difficulty fixating on the target. Motion
artifacts can give rise to false observations, and such artifacts are commoner in eyes
with underlying pathology [10]. The technology is expensive and not available in
most tertiary hospitals in the sub-Saharan African region. The few available ones
are mainly located in urban centers away from vast majority in rural communities.
OCT scan is not covered by the health insurance scheme which in any way is only
available to the few working in regular public/private sectors.

2.0CT in glaucoma

Glaucoma is the second leading cause of blindness [11]. The standard method of
diagnosis is based on clinical evaluation of characteristic optic nerve damage and the
visual field changes detected by standard automated perimetry (SAP). OCT provides
additional evaluation and assessment for monitoring glaucoma progression thought it
may not be of much value in patients with advanced disease. Visual field changes are
not detected in early stages of glaucoma due to the functional overlapping pattern and
integration of the visual system which compensate for and to some extent mask early
damage. A 6 mm’ scan centered on the disk provides graphic and quantifiable retinal
thickness measurements in addition to providing an objective calculation of the cup-
ping by giving details of the extent of vertical cup-to-disk ratio. Effective management
requires detection of early changes in glaucoma even before development of detectable
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Figure 1.
OCT illustration of glaucomatous optic disk cupping.

visual field defects as neural damage may precede visual field defects by many years.
Significant differences in RNFL thickness have been observed to occur up to 8 years
before detectable visual field defects [12]. Thus OCT is quite useful in identifying
changes in retinal nerve fiber layer (RNFL) thickness, the optic nerve head structure
(ONH), and the macular ganglion cell complex (GCC). A 3.46 mm para-papillary scan
entered on the optic nerve head evaluates RNFL thickness in all the quadrants and is
useful in assessment and monitoring of glaucoma progression. In most instances, the
RNFL thickness is highest in the inferior quadrant followed by superior, nasal, and tem-
poral quadrants in that order (ISNT rule) [13]. Analysis of the RNFL and inner macular
thickness has provided additional means of determining glaucomatous optic nerve
damage and progression [14]. There is paucity of normative RNFL data in sub-Saharan
Africa though some reports indicate an RNFL average of 110 and 104.17 um, respectively
[15, 16]. RNFL below 100 pm is suspect, less than 90 pm requires full glaucoma workup,
and values less than 70 pm are not unusual at the time of glaucoma diagnosis. Reduction
of the average thickness within certain time frame can be an indicator of progression in
addition to perimetric changes. Figure 1 shows glaucoma optic nerve damage on OCT.

3. OCT in macular diseases

The macula serves as the most acute visual function, and conventional assess-
ment includes ophthalmoscopy and slit lamp evaluation in conjunction with contact
and noncontact retinal lenses. Naked eye assessment can however not be compared
with quantifiable OCT analysis. Fast macular scan protocol can be employed to pro-
vide graphic image of the state of the macula. Macular scan results can be displayed
as numeric data or as false color display form. Normative data in Africans is not
largely available though a study indicates macular thickness and volume of 149.58
and 6.79 pm’, respectively [17]. Central macular thickness above 200 pm is uncom-
mon in healthy eyes and deserves further evaluation even when the vision is not
significantly affected. Macular thickness measurements in diabetic macular edema
are based on criteria definition of existing standard protocol. Macular thickness
measurement below 110 pm is rarely observed in normal eyes. Disorders of the mac-
ula include diabetic maculopathy and other forms of acquired maculopathy such as
age-related macular degeneration. A survey report indicated diabetic retinopathy
(DR) to be a cause of blindness and visual impairment despite some patients being
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Figure 2.
OCT showing normal macular scan.

unaware of their diabetic status [18, 19]. DR rivals cataract and glaucoma as a

cause of visual impairment in an institution-based study of diabetic patients [20].
Diabetic cystoid macular edema (CME), diffuse thickening, and serous detachment
can objectively be measured with OCT [21, 22]. OCT demonstrates retinal thicken-
ing and cystoid spaces in the presence of CME. As OCT was not in use during the
ETDRS, [23] clinically significant macular edema was defined by the presence of
retinal thickening within 500 pm of fovea or hard exudates within 500 pm of the
fovea or retinal thickening more than one disk diameter any part of which is within
a disk diameter of the fovea [24]. OCT has been demonstrated to quantify the extent
of CSME at diagnosis even more accurately than clinical fundal assessment and can
serve in determining response to treatment applied. Figure 2 shows a normal OCT
macular scan, and Figure 3 shows cystoid spaces in macular edema. Likewise OCT
can be used to monitor resolution of CME with appropriate treatment.

Age-related macular degeneration (ARMD) is a group of primary disorders of the
retina which are emerging as a significant cause of visual impairment in developed
countries. With change in lifestyle, the disease is becoming common even in develop-
ing countries though a population survey report showed it was not a significant cause
of visual impairment [17]. ARMD has been classified into dry (non-exudative) and
wet (exudative) types. The dry type is the most common, and geographic atrophy
is the manifestation of the late stage of the disease. The International Age Related

Figure 3.
Clinically significant macular edema.
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Figure 4.
OCT features of macula drusen.

Maculopathy Epidemiological Study Group (IARMESG) has classified the disease
further age-related maculopathy (ARM) into early (medium to large drusen, retinal
pigment epithelium (RP) hyperpigmentation and/or hypopigmentation). Figure 4
shows drusen on OCT scan. Advanced AMD is characterized by geographic atrophy
(Figure 5) and/or choroidal neovascularization. SD-OCT has been demonstrated

to quantify the volume of drusen and thus monitor progression [25]. OCT has

been demonstrated to be useful in estimating photoreceptor loss, quantifying the
extent, and providing insight as to the structural damage leading to enlargement
and progression of geographic atrophy in non-neovascular AMD [26, 27]. Retinal
pigment epithelium (RPE) detachment arises from dysfunction of the normal
physiologic factors that ensures its adhesion to Bruch’s membrane. The separation
occurs between the basement membrane of the RPE and the inner collagenous layer
of Bruch’s membrane which become thickened and dysfunctional. The separation
appears as an optically empty space on OCT (Figure 6). OCT can distinguish two

Figure 5.
OCT features of geographic atrophy (source: www.octscans.com,).
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Figure 6.
Retinal pigment epithelial detaachment showing Optically empty space between Bruchs membrane and
separated RPE.

broad types of RPE detachment, thus aiding in making accurate diagnosis [28]. Wet
AMD is associated with choroidal neovascularization (CNV). The blood vessels arise
from the choriocapillaris and break through Bruch’s membrane. CNV membrane
(Figure7) can remain in the sub RPE or even extend into the subretinal space. Fundal
fluorescein angiography (FFA) is the primary investigation in diagnosis of suspected
CNV. The role of OCT is in providing quantifiable monitoring of response to treat-
ment. OCT shows increased thickness and fragmentation of the high reflectivity RPE
and choriocapillaris. Improvement in data acquisition and 3-D imaging in SD-OCT
provides more detailed images leading to higher and earlier detection of CNV when
compared to time-domain technology [29]. Combined OCT angiography provides
additional value in diagnosis and monitoring of the impact of treatment in wet ARM.
Macular hole is one of the age-related causes of vision loss, and studies have
shown that macular hole is not uncommon in sub-Saharan Africans [30, 31].
Population incidence of 6.8-8.69 has been reported in the Unites States [32]. Occult,
lamellar, full-thickness holes, and complete posterior vitreous detachment (PVD)
can accurately be quantified on OCT. Full-thickness hole is identified including
a pseudo operculum where present. OCT is used for characterization of macular

Figure 7.
OCT showing choroidal neovascularization.
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holes and to visualize persistent retinal abnormalities which were observed despite
achieving anatomical closure [32, 33].

4. Impact of OCT on glaucoma and diabetic macular edema

OCT has aided the ophthalmologist in early detection and provides a more
objective monitoring tool in glaucoma management in sub-Saharan Africa. This
is achieved by effective detection of RNFL loss and evaluation of the differential
measurements in the four quadrants to detect deviation from normal (normal RNFL
thickness declines measurement in this order: inferior, superior, medial, and temporal
quadrants—ISN’T rule). OCT RNFL can be utilized alone or better in combination
with standard automated perimetry in monitoring for stabilization or deterioration of
glaucomatous optic neuropathy over time. This will enable the clinician to counsel the
patient using objective criteria and modify the treatment to achieve goal of effective
glaucoma control. OCT gives accurate central macular thickness measurement and
thus provides effective and early detection of clinically significant diabetic macular
edema. The impact of laser and/or intravitreal anti-VEGF on treatment of prolifera-
tive diabetic retinopathy and macular edema can be determined.

5. Conclusion

OCT is still a relatively new technology in the diagnosis and monitoring of glaucoma
and macular diseases in the region. Older models are available in few centers and clini-
cians have limited access. By the poor income of most sub-Saharan Africans, OCT scan is
expensive. Most of the machines have no provision for digital data retrieval, thus making
research work on impact of the technology more difficult. Normative data on various
parameters have to be locally generated in order to make more objective decision when
there is variation from normal. In few countries with limited health insurance services
(which only cover workers in the national public service), OCT is exempted as has to be
paid for as out-of-pocket expense, thus further limited access to the vast population. A
public-private partnership could enhance availability to the underserved population.
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Chapter 3

Topical NSAIDs in Prevention of
Postcataract Macular Edema

Ahmed Alnagdy, Ahmed M. Eissa and Amr El-Kannishy

Abstract

Postoperative macular edema is considered one cause of diminished vision after
cataract surgery. It was approved that inflammatory mediators especially prosta-
glandins play a key role in macular edema formation especially in the presence of
risk factors that affect blood-retinal barrier such as diabetes, uveitis, tear of poste-
rior capsule, and vitreous loss. So, anti-inflammatory medications like corticoste-
roids and NSAIDs are the cornerstone of macular edema managements. In spite of
using corticosteroids as gold standard for treatment of ocular inflammation, they
cannot be used for prolonged period due to associated adverse effects. Lastly, there
were many studies about benefits of NSAIDs in management and prevention of
macular edema to avoid the side effects of corticosteroids.

Keywords: NSAIDs, macular edema, phacoemulsification, cataract, blood-retinal
barrier

1. Introduction

Macula is an important part of the retina, which is responsible for color vision,
contrast sensitivity, sharp vision, communications and interpersonal relationships [1].

Macular thickening is well-known postoperative complication after cataract
surgery, even with uncomplicated small incision phacoemulsification surgery. Sub-
clinical cystoid macular edema (CME) is diagnosed with fluorescein angiography as
leakage from perifoveal dilated capillaries without visual acuity affection [2].
Although fluorescein angiography is considered gold standard for diagnosis of
macular edema, quantification of fluorescein leakage is difficult. Optical coherence
tomography (OCT) nowadays has an upper hand in diagnosis of macular edema
because of its advantages as a noninvasive device and can detect macular edema
quantitatively and qualitatively [3].

Clinical CME can be identified on biomicroscopic examination and is associated
with decreased visual acuity [4].

The pathogenesis of CME is disruption of blood-retinal barrier (BRB) by
inflammatory mediators generated through several cascades as a result of surgical
trauma to iris, ciliary body, or lens epithelial cells. Also, preexisting ocular condi-
tions such as diabetes, hypertension, and uveitis, which affect BRB, can increase
risk of CME [5].

The blood-retinal barrier in diabetic eyes is impaired to a variable degree, which
plays a role in development of postoperative CME. CME in diabetic patients is
affected by many factors including duration, severity of the disease, presence of
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retinopathy, and previous treatment with photocoagulation [6]. Total ophthalmic
payments were documented to be 47% higher in patients who developed postoper-
ative CME [7]. So, prophylactic prevention or even decreased CME severity is cost
savings, particularly among diabetic patients.

2. Macular anatomy and physiology

Being the main part of clear vision, the macula is located in the heart of the retina
between upper and lower arcades measured about 4.5-6 mm in diameter. It can be
divided into central fovea, surrounded by parafovea and outer perifovea (Figure 1) [8].

* Retinal vascular plexus was described simply into two planes: inner one at
ganglion cell layer and outer plexus at inner nuclear layer [9] (Figure 2).

Figure 1.
Parts of the macula from inside to outside: foveola, fovea, parafovea, and perifovea [8].

Figure 2.
Vascular plexus position in layers of vetina: inner vascular plexus in ganglion cell layer and deep vascular
plexus in inner nuclear layer [9].
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* As a whole, the retina blood supply is divided into outer part supplied by
choriocapillaris and inner part supplied by retinal vascular plexus branch of
posterior ciliary arteries [10].

3. The blood-retinal barrier

The blood-retinal barrier (BRB) is a barrier that physiologically establishes and
maintains specific substrate and ion concentrations to allow proper neural function.
BRB regulates flux of substances in retina such as ion, protein, and water and also
regulates infiltration of immune competent cells and blood toxins. BRB is formed at
two levels, inner and outer BRB. The inner one is composed of tight junctions
between retinal vascular endothelial cells. The outer barrier is composed of tight
junction between retinal pigment epithelium cells [11].

Pericytes secrete angiopoietin 1, which induces tight junction protein expression
to support endothelial cells barrier [12].

3.1 Tight junction

Tight junction is mainly apical junctional complex, which has a barrier function
against solute flux and movement of proteins and lipids into retinal parenchyma.
This junction is showed as transmembrane proteins and junctional adhesion mole-
cule (JAM) [13].

3.2 Adherens junction

Adherens junction is second barrier beneath the tight junction. This junction
is important for development of the barrier as it affects formation of tight
junction [14].

Tight junction: Transmembrane proteins claudins, occludin, and junctional adhe-
sion molecule (JAM) connected with scaffolding protein ZO to actin.

Adherens junction: Vascular endothelial (VE) cadherin connected to actin
through complex of B-catenin, a-catenin, and vinculin.

4. Pathophysiology

The macula is responsible for central 30 degrees of sharp vision with color
vision, interpersonal relationships, communications, and contrast sensitivity [1].
The retina is very sensitive to fluctuation in blood oxygen levels and intraocular
changes, as it consumes oxygen more than other tissues, being highly active tissue.
Microchanges not felt by patient visual acuity are also not seen by inspection
ophthalmoscopy examination [15].

It has been reported that clinical affection due to CME after uneventful
phacoemulsification is between 0 and 9%. Furthermore, clinical affection between
9.1 and 20.4% with angiographic leakage is reported [16]. Interruption of blood-
retinal barrier is the most accepted explanation of postoperative macular edema,
which causes macular thickening. Surgical trauma disrupts the blood-aqueous bar-
rier, release of prostaglandins, and increase of perifoveal capillaries’ permeability of
liquid in extracellular spaces, which cause macular thickening and CME [17]. The
pathophysiology of these macular changes may be considered consecutively as
follows: (1) release of inflammatory mediators into anterior chamber produced by
surgical procedures; (2) removal of normally lens barrier, which separate posterior
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segment from anterior segment; (3) local effect of inflammatory mediators on
macular area; and (4) anterior displacement of vitreous leading to increase traction
on macula [18].

Recently, being noninvasive, OCT has been established to be the main method
for examining retinal architecture [19]. OCT can measure microhistological retinal
changes in difference to fluorescein angiography, which detects it as a leakage that
cannot be detected by biomicroscopy [20]. It was reported that subclinical increase
in retinal thickness and volume can be found in the early course postoperatively at
4 weeks after phacoemulsification [21].

5. Nonsteroidal anti-inflammatory drugs

Surgical trauma stimulates arachidonic acid cascade, which stimulates phospholi-
pase A2 enzyme to release arachidonic acid from membrane phospholipids and pro-
duces inflammatory mediators including prostaglandins (PGs) and leukotriene by
activation of cyclooxygenase (COX) enzymes. COX-1and COX-2 isoforms are believed
to be the primary mediator of ocular inflammation. PG is an important mediator of
postoperative complications, associated with symptoms including pain, ciliary injec-
tion, cystoid macular edema, impaired vision, and intraoperative miosis [22].

So, treatment of ocular inflammation depends mainly on stopping of arachidonic
cascades by corticosteroids and nonsteroidal anti-inflammatory drugs (NSAIDs).
Corticosteroids inhibit the activity of phospholipase A2 enzyme, but NSAIDs inhibit
PGs synthesis irreversibly and nonspecifically by direct inhibition of COX-1 and
COX-2 activity [23] (Figure 3).

5.1 Corticosteroids

In spite of using corticosteroids as gold standard for treatment of ocular inflam-
mation, they cannot be used for prolonged period due to associated adverse effects.

Surgery

Phospholipase A,

ﬂl

Corticosteroids

NSAIDS
COxX-2

HO
cox- I_O

Figure 3.
Action of corticosteroid and NSAIDs on arachidonic acid cascade [23].
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Side effects of corticosteroids include increased susceptibility to infections as a
result of suppression of host immune response, retardation of corneal wound
healing, and increased intraocular pressure (IOP) [24].

5.2 Nonsteroidal anti-inflammatory drugs

NSAIDs are considered as safety option used for treatment of ocular inflamma-
tion. NSAIDs inhibit COX activity patently by several chemically heterogeneous
classes [25].

Currently, the uses of topical NSAIDs in ophthalmology to reduce pain and
discomfort after cataract and refractive surgery prevent intraoperative miosis dur-
ing cataract surgery and manage postoperative inflammation (Table 1) and are also
reported to have a role in prevention of CME after cataract surgery [25, 27].

NSAIDs have beneficial effects over corticosteroids including analgesia effect,
maintaining pupillary dilatation if used preoperatively (Figure 4), and also reduce
the risk of secondary infections and increased IOP [25].

5.3 Pharmacokinetics

Diclofenac: Plasma levels reached (10 ng/mL) during a 4 hours period after
instillation of two drops in each eye [29].

Flurbiprofen: No information about systemic absorption was approved.

Ketorolac: The use of ketorolac in 26 patients with one drop in each eye three
times daily resulted in 5/26 (= 19.2%) with detectable plasma level of ketorolac
(10.7-22.5 ng/mL) after 10 days.

Bromfenac: After topical administration, plasma level is expected to be below the
detectable limit (50 ng/mL).

Nepafenac: It is an inactive prodrug, which penetrates corneal epithelium and is
converted by ocular tissue hydrolases to active form amfenac. Plasma levels of
bromfenac and amfenac were detected 2-3 hours in most patients after installation
of nepafenac in both eyes but with low plasma level.

Drug Indications

Diclofenac Management of postoperative inflammation in patients after cataract extraction
sodium Decrease of pain and photophobia in patients after corneal refractive surgery
Flurbiprofen Maintenance of intraoperative pupil dilatation

sodium

Ketorolac (0.5%) Temporary relief of ocular itching associated with seasonal allergic
tromethamine conjunctivitis

Management of postoperative inflammation in patients after cataract
extraction

(0.4%) Decrease of ocular pain and burning/stinging in patients undergoing
corneal refractive surgery

(0.45%) Reduction of ocular pain and inflammation associated with/following
(0.5%) cataract surgery
Bromfenac Management of postoperative inflammation and pain after cataract surgery
sodium
Nepafenac Management of inflammation and pain associated with cataract surgery
Table 1.

Ophthalmic NSAIDs’ FDA-approved indications [26].
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Figure 4.
Comparing pupil poor dilatation in control group (A) and full dilated pupil with NSAIDs (B) [28].

5.4. Limitation of NSAIDs
Topical NSAIDs contain some warnings, which include the following:
1. Prolonged bleeding time [30].

2. Cross-sensitivity with phenyl acetic acid derivatives, acetylsalicylic acid, and
other NSAIDs [31].

3. Delay wound healing mainly if used in combination with corticosteroids [32].

4.Topical NSAIDs may cause ocular surface toxicity especially in patients having dry
eye syndrome, corneal denervation, corneal epithelial defects, or diabetes [33].

6. Discussion

In the last few years, there were many studies using NSAIDs to prevent postop-
erative CME in different situations. In Table 2, some studies focus on the effect of
NSAIDs in prevention of postoperative CME in diabetic patients. All of them
approved significant low macular thickening in diabetic patients receiving NSAID
bromfenac only [34], classical postoperative steroid regimen in addition of
nepafenac [35] or either nepafenac or ketorolac with classical postoperative steroid
regimen [28].

Other studies documented the effect of NSAIDs in a mixed population
(nondiabetic and diabetic patients) without cystoid macular edema preoperatively
and with no predisposing factors for developing cystoid macular edema (Table 3).
Some studies documented that topical steroid medication may not be absolutely
essential after uneventful cataract surgery [37, 44]. Topical nonsteroidal started
1 day before surgery and continued for 1 month by Almeida et al. [37], while
Nishino et al. [44] started medication postoperatively and continued for 1 month.
On the other hand, many studies approved the significant importance of topical
NSAIDs in prevention of macular edema [36, 38-43, 45, 46]. topical ketorolac had
more effect in decreasing macular edema than prednisolone only, if started 2 days
before surgery and continued for 1 month postoperatively in combination with
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Study Number Groups Follow- Conclusion
up
Endo 62 (26 patients 1. Bromfenac (n =31) OCT The perifoveal values were
etal. with (16 with NPDR) 6 weeks  significantly lower in the
[34] nonproliferative 2. Steroidal solution bromfenac group
diabetic (n = 31) (11 with
retinopathy) NPDR)
Singh 263 patients with 1. Nepafenac (n = 125) OCT Significantly lower percentage
etal. nonproliferative 2. Vehicle (n = 126) 90 days  of patients in the nepafenac
[35] diabetic group developed macular
retinopathy edema
Alnagdy 80 without 1. Placebo group + OCT Perioperative NSAIDs reduce
etal. diabetic prednisolone 3 months the frequency and severity of
[28] retinopathy 2. Nepafenac CME in diabetic eyes following
0.1% + prednisolone cataract surgery
3. Ketorolac
0.4% + prednisolone
Table 2.

Clinical trials using ophthalmic NSAIDs to prevent postoperative macular edema in diabetic patients
without cystoid macular edema preoperatively and with no predisposing factors for developing cystoid macular
edema.

Study Number Groups Follow-up Conclusion
Almeida 106 1. Prednisolone 1% OCT After cataract surgery,
etal. [36] 2. Prednisolone 1 month ketorolac 0.5%

1% + ketorolac 0.5% effectively decreases
postoperative macular
edema

Almeida 193 1. Prednisolone 1% OCT There was no difference
etal. [37] 2. Prednisolone 1 month in macular volume

1% + nepafenac 0.1% between the placebo,

3. Prednisolone ketorolac, and
1% + ketorolac 0.5% nepafenac
(1 day before surgery for 1
month postoperative)
Cable etal. 20 diabetic 1. Prednisolone + OoCT Postoperative
[38] patients bromfenac 6 weeks bromfenac showed a
without 2. Prednisolone + trend toward improved
edema could nepafenac vision, less retinal
be enrolled thickening, and more
stable macular volumes
overall
Cervantes- 60 excluding 1. Dexamethasone OCT Nepafenac has a rule in
Coste et al. proliferative 2. Dexamethasone + 6 weeks reducing macular
[39] DR, macular nepafenac edema after cataract
edema, surgery and in
uncontrolled maintaining
DM intraoperative
mydriasis
Rossetti 88 1. Diclofenac Ocular Diclofenac eye drops
et al. 1996 2. Placebo inflammation effectively reduced
[40] and FFA and  incidence of
visual acuity  angiographic CME and
6 months ocular inflammation

after cataract surgery
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Study Number Groups Follow-up Conclusion
Miyake 118 without 1. Fluorometholone Fundus Diclofenac was
etal. [41] complications 2. Diclofenac fluorescein effective in prevention
from diabetes angiography  of CME following
mellitus (FFA) cataract surgery
8 weeks
Miyake 62 1. Fluorometholone FFA Diclofenac was more
etal. [42] 2. Diclofenac 5 weeks effective than

fluorometholone in
preventing cystoid
macular edema

Miyake 60 1. Fluorometholone OCT Nepafenac was more

et al. [43] 2. Nepafenac 5 weeks effective than
fluorometholone in
preventing cystoid
macular edema

Nishino 21 1. Bromfenac FFA Topical steroid

etal. [44] 2. Fluorometholone 1 month medication may not be
absolutely essential
after uneventful

phacoemulsification
Weber 123 1. Indomethacin 0.1% OCT Indomethacin 0.1% had
et al. [45] 2. Ketorolac 0.5% 90 days the same effect as

ketorolac 0.5% at first
day postoperative and
more effective than
ketorolac 0.5% at first
week in treating ocular
inflammation after
uncomplicated cataract
surgery. There was no
change from baseline in
retinal thickness in two

groups
Wittpenn 546 1. Ketorolac 0.4% (only OCT Perioperative ketorolac
et al. [46] 1 hour prior to 4-6 weeks to postoperative
surgery) + prednisolone prednisolone
for 1 month significantly reduces
2. Ketorolac the macular thickening
0.4 + prednisolone for 1 after cataract surgery

month

Table 3.

Clinical trials using ophthalmic NSAIDs to prevent postoperative macular edema in a mixed population
(nondiabetic and diabetic patients) without cystoid macular edema preoperatively and with no predisposing
factors for developing cystoid macular edema.

prednisolone had more effect in decreasing macular edema in comparison to post-
operative topical prednisolone alone [36]. Wittpenn et al. approved that starting
ketorolac 1 hour before surgery had significant effects in preventing macular edema
[46]. Cervantes-Coste et al. documented that diclofenac effectively maintains
mydriasis and decreases macular thickness [39]. Also, diclofenac eye drops in Ros-
setti et al. effectively reduced incidence of angiographic CME and ocular inflam-
mation after cataract surgery [40], while Miyake et al. suggested that diclofenac
effectively decreases CME in comparison to fluorometholone [41] and also
approved its effect in preventing chronological change in choroidal blood flow and
disruption of the blood-aqueous barrier [42]. In 2011, there was another study by
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Miyake et al. which approved that nepafenac was more effective than
fluorometholone in preventing cystoid macular edema [43]. In other hand, some
studies compared the effect of different NSAIDs similar to the study by Cable et al.
who suggested that bromfenac is more effective than nepafenac [38] and Weber

et al. who suggested that there was no change from baseline in retinal thickness
between indomethacin group and ketorolac group.

Nondiabetic patients who have undergone cataract surgery without preoperative
macular edema and with no predisposing factors for developing cystoid macular
edema were enrolled in studies in Table 4. In glaucoma patients after cataract
surgery, Miyake et al. approved that diclofenac seems to prevent macular edema
formation enhanced by latanoprost therapy [49], and timolol and its preservative
benzalkonium chloride [50].

Study Number Groups Follow- Conclusion
up
Donnenfeld 100 1. Prednisolone acetate OCT The preoperative
et al. [47] 2. Ketorolac (3 days 3 months use of ketorolac
preoperative and 3 weeks tromethamine 0.4%
postoperative) + prednisolone for 3 days followed
3. Ketorolac (1 day preoperative by 1-day
and 3 weeks preoperatively
postoperative) + prednisolone provided optimum
4. Ketorolac (1 hour efficacy and
preoperative and 3 weeks superior outcomes
postoperative) + prednisolone relative to 1 hour

preoperatively used

Mathys 84 1. Nepafenac 0.01% (three OCT The increase in
et al. [48] times before 8 weeks  postoperative
surgery) + prednisolone macular thickness
acetate 1% was small in both
2. Nepafenac 0.01% (three the control and
times before surgery and for treatment groups

1 month) + prednisolone
acetate 1%

Miyake 80 eyes with 1. Fluorometholone acetate FFA Administration of
etal. [49] primary open- 2. 0.1% diclofenac sodium 5weeks nonsteroidal eye
angle glaucoma, drops such as
normal tension diclofenac seems to
glaucoma, or prevent macular
ocular edema formation
hypertension enhanced by
latanoprost therapy
Miyake 60 eyes with 1. 0.1% fluorometholone acetate FFA Diclofenac prevents
et al. [50] primary open- 2. 0.5% diclofenac sodium cystoid macular
angle glaucoma, edema caused by
normal-tension timolol and its
glaucoma, or preservative,
ocular benzalkonium
hypertension chloride
Miyanaga 72 1. 0.1% betamethasone 1 month, OCT There were no
et al. [51] then 0.1% fluorometholone 2 months significant
1 month differences in anti-
2. 0.1% bromfenac for 2 months inflammatory
3. 0.1% betamethasone 1 month, effects among the
then 0.1% fluorometholone three groups

1 month, and 0.1% bromfenac
twice 2 months
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Study Number Groups Follow- Conclusion
up
Moschos 79 1. Dexamethasone sodium OCT The addition of
etal. [52] phosphate 0.1% 28 days diclofenac did not
2. Dexamethasone sodium seem to offer any
phosphate + diclofenac additional benefit
sodium 0.1% after uneventful
phacoemulsification
Ticlyetal. 91 1. Prednisolone acetate 1% FFA The addition of
[53] 2. Prednisolone acetate 5weeks ketorolac
1% + ketorolac tromethamine tromethamine 0.4%
0.4% did not seem to
offer any additional
benefit after
uneventful
phacoemulsification
Wangetal. 240 1. Oral prednisone tablets 15 mg OCT Bromfenac sodium
[54] for 7 days + fluorometholone 2 months was more effective
0.1% for 1 month and safer than
2. Oral prednisone tablets 15 mg fluorometholone
for 7 days + dexamethasone and dexamethasone
0.1% for 1 month as an anti-
3. Oral prednisone tablets 15 mg inflammatory
for 7 days + bromfenac 0.1%
for 1 month
4. Oral prednisone tablets 15 mg
for 7 days + bromfenac 0.1%
for 2 months
Yavasetal. 189 1. Prednisolone FFA Preoperative
[55] 2. Prednisolone + indomethacin 3 months nonsteroidal anti-
for 3 days preoperative and inflammatory drugs
1 month postoperative decreased the
3. Prednisolone + indomethacin incidence of CME
for 1 month postoperative more than
postoperative use
only
Capote et al. 243 1. Diclofenac sodium 0.1% OCT Bromfenac is more
[56] 2. Bromfenac 0.09% 6 months effective than
3. Nepafenac 0.1% diclofenac and
All received prednisolone 1% nepafenac in
reducing macular
thickness after
phacoemulsification
McCafferty 1000 1. Placebo OCT Topical nepafenac
et al. [57] 2. Nepafenac 0.3% FFA 0.3% reduces
5weeks macular edema in
patients with
preoperative risk
compared to
placebo, but there
were no differences
in patients without
risk factors
Stocketal. 77 1. Nepafenac OCT There were no
[58] 2. Propylene glycol as control 45days  significant

3. Ketorolac tromethamine

differences in
macular thickness
between the three
groups
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Study Number Groups Follow- Conclusion
up
Millaetal. 38 glaucoma 1. Nepafenac group (n = 15) OCT Nepafenac has a
[59] patients 2. Nonnepafenac group (# = 23) prophylactic effect
All received dexamethasone aganist
postoperative

macular edema

Tzelikis 224 Bilateral cataract was included in OCT Nepafenac 0.3%

et al. [60] this study 12 weeks was effective in
Each patient was assigned randomly reducing macular
to receive nepafenac 0.3% drops in thickness compared
one eye and a placebo in the fellow with a placebo
eye 5 weeks

postoperatively
Table 4.

Clinical trials using ophthalmic NSAIDs to prevent postoperative macular edema in nondiabetic patients
without cystoid macular edema preoperatively and with no predisposing factors for developing cystoid macular
edema.

Donnenfeld et al. documented that early started ketorolac 3 days or 1 day
preoperatively provided superior outcomes over ketorolac startes only 1 hour
preoperatively [47]. Also, preoperative indomethacin drugs decreased the incidence
of CME more than postoperative use only in the study of Yavas et al. [55].

In comparative study between different NSAIDs, Capote et al. approved that
bromfenac is more effective than diclofenac and nepafenac in reducing macular
thickness after phacoemulsification [56]. In other study, bromfenac was more
effective and safer in comparison to topical steroid; inspite of using oral prednisones
for all patients in the study [54].

In other studies, NSAIDs did not seem to offer any additional benefit after
uneventful phacoemulsification of diclofenac in the study of Moschos et al. [52] and
ketorolac in the study of Ticly et al. [53]. Miyanaga et al. documented that 2 months'
use of topical NSAIDs, different topical steroids, or alternating steroids and NSAIDs
had no significant differences [51]. Stock et al. suggested no differences between
nepafenac, control, and ketorolac through 45-day follow-up [58].

Mathys et al. told that routine use of preoperative nepafenac may be necessary
to achieve excellent visual recovery if continued for 3 weeks postoperatively or
not [48].

In the study of McCafferty et al., postoperative topical nepafenac reduces mac-
ular edema in patients with preoperative risk (diabetic retinopathy, contralateral
CME, or prostaglandin use) compared to placebo, but there were no differences in
patients without risk factors [57]. Nepafenac was effective in reducing macular
thickness compared with a placebo in fellow eye 5 weeks postoperatively in patients
who had bilateral phacoemulsification enrolled in the study of Tzelikis et al. [60].

7. Conclusion(s)

The most important line of management of postoperative macular edema is by
prevention. NSAIDs have large effects in prevention of postoperative macular
edema with minimal side effects. Furthermore, some studies have suggested that
NSAIDs may have a greater effect in re-establishment of the blood-aqueous barrier
than corticosteroids. The claim about synergistic effects of NSAIDs and corticoste-
roids is made by several authors. Although several studies may have favored
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starting NSAID treatment preoperatively, there are no comparison studies about
starting corticosteroids preoperatively.
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Abstract

We aimed to elucidate prevalence and association of diabetic retinopathy (DR) in
patients with diabetic foot ulcer (DFU) from Pakistan. In this cross-sectional study,
about 225 DFU patients who underwent ophthalmic examinations within 6 months
of diagnosis of foot ulceration were included. The medical records of 305 diabetic
patients without DFU were included as controls. The association of DR with DFU was
assessed by comparing DFU patients with proliferative DR (PDR) and DFU patients
without PDR. Out of 225 DFU patients, 215 patients (95.6%) had DR and 169 patients
(75.1%) had PDR. The prevalence of DFU was significantly greater (P = 0.0527)
among the male diabetic patients, whereas advanced age of these patients (=41 years)
had a significant effect (P = 0.0286) on development and progression of PDR. A lon-
ger duration of diabetes (210 years) was identified as a significant contributing factor
for the development of both DFU (P = 0.0029) and PDR (P = 0.0299). Moreover,
the risk of PDR increased in diabetic patients with higher DFU grades (grade 3 and
grade 4). In conclusion, retinopathy was prevalent in DFU patients. Therefore, DFU
patients with advancing age and longer duration of diabetes should undergo retinal
examinations for timely diagnosis and management of DR.

Keywords: diabetic foot ulcer, diabetic retinopathy, risk factors, Pakistan

1. Introduction

Diabetes mellitus (DM) is a metabolic disease, caused by chronic hyperglyce-
mia as a result of defects in secretion of insulin, resistance to insulin action, ora
combination of the two. Type 1 and type 2 are two main types of diabetes. Type 1
diabetes mellitus (T1DM) results from absolute deficiency of insulin secretion, and
type 2 diabetes mellitus (T2DM) results from combined defects in both relative
deficiency of insulin secretion and insulin resistance [1]. T2DM is the dominant
form of diabetes which account to approximately >85% of all diabetes cases [2].
Diabetic foot ulcer (DFU) is the most devastating complication of diabetes, with a
global prevalence of 6.3%, and is more common in patients with type 2 diabetes [3].
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The lifetime risk of foot ulceration in patients with diabetes lies somewhere in the
range of 15 and 25% [4, 5], with a yearly rate of around 2-3% [6].

Diabetic is associated with microvascular complications, including retinopathy,
neuropathy, and nephropathy, and macrovascular complications, including ischemic
coronary illness, stroke, and peripheral vascular disease [7]. Diabetic retinopathy (DR)
is a common complication of diabetes that affects vision. DR damages the blood vessels
of the light-sensitive tissue at the back of the eye (retina) that results in blindness if left
undiagnosed and untreated. It is estimated that 20 years after diagnosis, those with type
1 diabetes and 60% of those with type 2 diabetes will have some level of retinopathy
[8]. Approximately 4 million individuals around the globe are estimated to losing their
sight from diabetic retinopathy, the main source of visual impairment in patients aged
20-74 years [9]. The risk of development and progression of DR is closely associated
with the type 1 diabetes [8], longer duration of diabetes [10], advancing age [11], poor
glycemic control [12], high blood pressure [13] and elevated serum lipids [14].

The descriptive analytical studies have demonstrated that diabetic retinopathy
(DR) is among one of the major contributing factors in the development of foot
ulceration and subsequent lower limb amputation in diabetic patients [11, 15-17].
Importantly, DFU patients with PAD are less likely to heal and more likely to require
amputation compared to patients without PAD. Moreover, retinal screening in people
with diabetic foot ulceration, followed by treatment of sight-threatening retinopathy,
may prevent severe vision loss or blindness [18]. It is therefore essential that DR is
diagnosed in all diabetic patients with a foot ulcer. There is a significant rise in the
prevalence of diabetes and its complications in Pakistan, causing a major social and
economic burden [19, 20]. Therefore, this study was conducted with an aim to inves-
tigate the prevalence of DR in patients with a DFU in Pakistan and to elucidate the
potential association between DR and DFU.

2. Materials and methods

This was a cross-sectional observational study conducted in the diabetology
clinic at Pakistan Institute of Medical Sciences (PIMS), located in federal capital
of Pakistan, which is the largest tertiary care referral hospital. This study was
conducted between March 2017 and February 2018 as per the guidelines of the
Declaration of Helsinki, and the Institutional Ethical Committee approval was
obtained before initiation. The study was explained, and written informed consent
of the patients was obtained before their recruitment. Inclusion criteria were as
follows: (1) all type 2 diabetic patients and only those type 1 diabetes patients with
diabetes duration of more than 5 years, diagnosed with foot ulcers based on the
Wagner ulcer classification, were included in this study. (2) Patients were included
in the study only if they underwent ophthalmic examinations particularly fundus-
copy of the retina within 6 months after DFU diagnosis.

Participated DFU patients were classified into Wagner’s grades [21] as follows:
grade 1 (superficial ulcer), grade 2 (deep ulcer), grade 3 (ulcer with osteomyeli-
tis), grade 4 (forefoot gangrene), and grade 5 (mid foot or hind foot gangrene).
Moreover, the presence and severity of DR among DFU patients were assessed
based on the grading of the Global Diabetic Retinopathy Project Group [22]. A
five-stage disease severity classification for DR includes no apparent retinopathy
(no DR), proliferative DR (PDR), and mild, moderate, or severe non-proliferative
DR (NPDR). Clinical information and demographic details were obtained from
medical records of participating patients. The medical records of diabetic patients
without a DFU who also visited the diabetology clinic at PIMS for a health checkup
were included as control.
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Analysis of recruitment data was performed by using SPSS-PC version 16.0,
and then tables and graphs were constructed to display characteristics of studied
patients. The association between DR and DF was determined by using the Chi-
square test. P-values <0.05 were considered significant.

3. Results

Data of patients recruited in the study was analyzed and summarized in
Table 1. Among 225 patients with foot ulceration, majority of them were male
(62.7%) and had type 2 (60%) diabetes. Most DFU patients were aged 41 years
old and over (88.4%) and had diabetes since >10 years (65.8%), high HbAlc = 7%
(77.3%), and higher level of systolic blood pressure (72.4%). Statistically, sig-
nificant differences were observed among diabetic patients with a foot ulcer or
without a foot ulcer in relation to gender (P = 0.0527) and diabetes duration
(P = 0.0029) only.

Additionally, DFU patients with PDR were compared with DFU patients
without PDR as shown in Table 1. The PDR was less prevalent in diabetic males
with foot ulcers (53.8%) in comparison to those without foot ulcers (66.1%). The
DFU patients with PDR had type 2 diabetes (66.9%), advanced age (82.8%), longer

Characteristics Diabetes (N = 530) Pvalue DFU (N = 225) Pvalue
of patients
Diabetes Diabetes DFU DFU
with DFU without with PDR without
(N = 225) DFU (N = 169) PDR
(N = 305) (N = 56)
Gender
Male 141 (62.7) 215 (70.5) 0.0527* 91 (53.8) 37 (66.1) 0.1024
Female 84 (37.3) 90 (29.5) 78 (46.2) 19 (33.9)
Age (years)
<41 26 (11.6) 37 (12.1) 0.7084 29 (17.2) 19 (33.9) 0.0286*
>41 199 (88.4) 268 (879) 140 (82.8) 37 (66.1)

Duration of diabetes (years)

<10 77 (34.2) 135 (44.3) 0.0029* 24 (14.2) 17 (30.4) 0.0299*
>10 148 (65.8) 170 (55.7) 145 (85.8) 39 (69.6)

Type of diabetes

Type1 90 (40) 111 (36.4) 0.3352 56 (33.1) 22 (39.3) 0.4170
Type2 135 (60) 194 (63.6) 113 (66.9) 34 (60.7)

HbA1c level

<7% 51(22.7) 95 (31.1) 0.1638 30 (17.8) 11 (19.6) 0.7577
>7% 174 (77.3) 210 (68.9) 139 (82.2) 45 (80.4)

Blood pressure (mmHg)

Systolic 163 (72.4) 229 (75.1) 0.4882 122 (72.2) 41(732) 0.8807
Diastolic 62 (276) 76 (24.9) 47 (27.8) 15 (26.8)

*Statistically significant

Table 1.
Basic characteristics of diabetic patients with or without diabetic foot ulcer (DFU).
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Types of DR Diabetics with a DFU, Diabetics withoutaDFU,N = 305 (%)
N = 225(%)

NoDR 10 (4.4) 255 (83.6)

Mild NPDR 11 (4.9) 10 (3.2)

Moderate NPDR 26 (11.6) 16 (5.2)

Severe NPDR 9 (4.0) 7 (2.3)

PDR 169 (75.1) 17 (5.6)

Table 2.

Prevalence of DR in patients with a DFU and in diabetic patients without a DFU .

duration of diabetes (85.8), high HbAlc = 7% (82.2%), and elevated systolic blood
pressure (72.2%) than DFU patients without PDR. The significant contributing
factors of PDR among DFU patients were advanced age (p = 0.0286) and longer
duration of diabetes (0.0299).

In terms of DR among diabetic patients with foot ulceration, 215 patients
(95.6%) had DR and 169 patients (75.1%) had PDR. 11 patients (4.9%) had mild
NPDR, 26 patients had moderate NPDR (11.6%), and 9 patients had severe NPDR
(4.0%), as shown in Table 2 and Figure 1. Moreover, the common ulcer grades were
3 (41.8%) and 4 (31.6%), among DFU patients with DR (Table 3).

Figure 1.

Fundus photographs of some studied patients show clinical grades of DR. (A) Mild NPDR phenotypes
based on the presence of only two microaneurysms and the absence of macular edema. (B) Moderate NPDR
phenotypes based on the presence of scattered microaneurysms, dot-blot hemorvrhages, hard exudates, and
diffuse macular edema. (C) Severe NPDR phenotypes based on the presence of scattered microaneurysms,
dot-blot hemorrhages, hard exudates, cotton wool spots, and clinically significant macular edema. (D)
PDR phenotypes based on the presence of new vessels on the disc (NVD), new vessels elsewhere (NVE),
prevetinal hemorrhage, retinal hemorrhages, tractional bands, and laser marks of the previous pan retinal
photocoagulation (PRP).
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Wagner’s NoDR, Mild NPDR, Moderate Severe PDR, Total N
grades N = 10 N-=1 NPDR NPDR N = 169 (%)
N = 26 N=9
Grade1l 2 1 3 0 17 23 (10.2)
Grade2 1 3 3 2 28 37 (16.4)
Grade3 4 5 11 2 72 94 (41.8)
Grade 4 3 2 9 5 52 71 (31.6)
Grade5 0 0 0 0 0 0 (0)
Table 3.

Distribution of diabetic patients with DR according to ulcer grades.

4. Discussion

Diabetes is a common disease, associated with microvascular and macrovascular
diseases that contribute to an increased risk of foot ulcers and subsequent lower
extremity amputations in diabetic patients [7]. Population-based studies identified
that DR is among one of the contributing diseases that significantly increased risk
for foot ulceration in diabetic populations of Saudi Arabia [23], Korea [11], Spain
[15], Iran [16] and India [17]. However, data is limited about contribution of DR in
development of foot ulceration in diabetic population of Pakistan.

The present study revealed that the majority (95.7%) of DFU patients had DR,
with 71.9% demonstrated PDR. A similar study reported that DR was prevalent
(90%) in the US diabetic patients with foot ulcers, and about more than half of
these patients had PDR [11]. Pemayun et al. in a hospital-based case-control study
found PAD to be a major predictive factor for poor outcome among hospitalized
DFU patients [24]. Previously, Nwanyanwu et al. in a retrospective cohort study
assessed that chronic foot ulcers might contribute to retinopathy progression due
to the reason that a significant proportion of diabetic chronic ulcer patients with
NPDR who progressed to PDR in their analysis [25]. Among DFU patients with
PDR, 73.4% had advanced Wagner’s grades (grades 3 and 4) of foot ulceration in
the present study. Hwang et al. found association of PDR with DFU and speculated
that elevated oxidative stress and endothelial dysfunction can cause PDR in the
advanced stages of diabetes [11].

The cross-sectional diabetes studies reported that prevalence of foot complica-
tions increases among diabetic males with advanced age and longer duration of
diabetes [10, 11, 19, 23]. In the current study, diabetic patients with foot ulcers were
compared with those without foot ulcers to find significant determinants for foot
ulcer in diabetic patients, and it was found that a significant number of diabetic
males were at a greater risk for the development of foot ulcers. Higher average
height, higher plantar pressure, inadequate self-care practices, inappropriate shoes,
and frequent exposure to traumatic events and frequently found peripheral insensate
neuropathy have been identified as risk factors contributing to foot ulceration in
diabetic males [26, 27]. Additionally, DFU patients were classified into the PDR or
NPDR group; our results showed that diabetic males with foot ulcers had a higher
prevalence of PDR comparatively to females, but this difference was not significant.
Similarly, a diabetes study from the United Kingdom reported that PDR was more
prevalent in males than in females [28]. In contrast, a community-based study in
China showed that diabetic females were associated with increased risk of PDR [29].
This gender difference observed in present and previous studies could not identify it
as arisk factor contributing to PDR in diabetic patients with foot ulceration.
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Importantly, advancing age has been observed as a contributing factor to foot
ulceration in diabetic patients in many studies [11, 23]. Although prevalence of
foot ulcers was determined high among advanced age diabetic patients in current
study, a statistically significant difference was not observed in terms of increasing
age (=41 years) of diabetic patients with and without foot ulceration. On the other
hand, our study demonstrated statistically significant correlation between PDR and
advanced age of DFU patients. In contrast to this observation, Hwang et al. [11] in
arecent study failed to show a correlation between PDR and advanced age of DFU
patients. Similarly, Li and Wang reported lower prevalence of DR in elderly diabetic
patients and suggested that favorable control of blood glucose, blood pressure, and
blood lipids effectively prevented the occurrence of DR in diabetic patients [30].
Therefore, it seems that high blood glucose levels and elevated systolic blood pres-
sure have contributed to the developing of PDR in elderly DFU patients in current
study.

Comparatively high prevalence of foot ulcers was observed among diabetic
patients with diabetes duration more than 10 years in the current study, and this
observation was significant. A previous study from Sudan supported our observa-
tion [10]. In two different previously conducted diabetic foot studies, the average
duration of diabetes in DFU patients was 13.2 [31] and 8.2 years [32]. Based on
current and previous observations, we hypothesize that the lengthy duration of
diabetes is a significant risk factor for the development of diabetic foot ulceration.
In addition, Chawla et al. in a study reported that chronic hyperglycemia and
diabetes duration are among the main contributing factors to development and
progression of DR in diabetic patients with foot ulcer [33]. The results of the
present study also showed that lengthy duration of diabetes was a significant risk
factor in progression of PDR among patients with DFU. In agreement with our
results, Hwang et al. also reported that the foot ulcer patients with PDR had a
longer duration of diabetes compared to those with NPDR [11].

5. Conclusion

In summary, the present study showed that a large proportion of advanced age
patients with longer duration of diabetes had retinopathy and were at substantial
risk of developing foot ulceration. Therefore, in advanced age DFU patients, and
particularly those with longer duration of diabetes, early detection of DR and
timely treatment may decrease the risk of severe vision loss or blindness.
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Chapter 5

Clinical Evaluation of Horizontal
Pediatric Strabismus and the
Management Challenges

Lawan Abdu

Abstract

Pediatric strabismus is not uncommon. Poor knowledge and religious and
cultural practices result in inattention to the child’s need and stigmatization.
Horizontal strabismus consisting of esotropia and exotropia constitutes the com-
mon types presenting. Childhood ocular deviations are associated with uncorrected
refractive errors, diseases causing obstruction of the visual axis such as cataract,
and intra ocular tumors commonly retinoblastoma. In parts of the developing
world, there is poor documentation and recollection of medical events at family
and community levels. Squint in a child is not a painful dramatic condition that can
prompt quick action from the parents or caregiver. There is generalized inequity
in access to health care. Pediatric ophthalmic services are at best in developmental
stage, and purpose design service centers are quite few. Neglect of the causes and
timely treatment of amblyopia can retard child’s development resulting in depen-
dency and aggravation of poverty circle. A comprehensive approach to manage-
ment of childhood eye diseases including strabismus is desirable in the low income
developing countries. Provision of health insurance as a citizen’s right will reduce
most of the health challenges.

Keywords: horizontal, strabismus, challenges, management, low income

1. Introduction

Strabismus is defined as deviation from normal position of alignment resulting
in the eyes pointing in different directions [1]. From the historical perspective
existed, the concept that there is spasm of the bodies which move the eye balls
and there is oblique tendency of the muscles [2]. Ocular movement is controlled
by six muscles comprising the four recti muscles (superior, inferior, medial, and
lateral) which arises from the annulus of Zinn [3]—a fibrous structure which is
fused to the optic nerve and foramen and the two oblique muscles [4]. The medial
rectus takes a course close to the medial orbital wall, while the lateral rectus
course is close to the lateral orbital wall before they reach their respective points of
insertion. Primary action of medial rectus is adduction and lateral rectus abduc-
tion. The two are called the horizontal recti muscles. The superior and inferior
recti muscles are called vertical muscles. The superior rectus muscle ran a course
anteriorly above the eye ball, over the insertion of the superior oblique forming
an angle of 23° with the visual axis. The primary function of superior rectus is
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elevation, secondary action is intorsion, and tertiary action is abduction. The infe-
rior rectus passes anteriorly above the orbital floor and below the eye ball to which
itis inserted at 23° to the visual axis. In the primary position, the main action of
inferior rectus is depression, secondary action is extortion, and tertiary action

is adduction. Superior oblique arises from the orbital apex above the annulus of
Zinn, courses anteriorly close to the superior medial orbital wall. It becomes tendi-
nous as it passes through the trochlear—a cartilage-like structure attached to the
superior nasal orbital part of the frontal bone. The muscle tendon turns backward
and inserted in the posterior medial quadrant of the eye ball under the superior
rectus muscle forming a 51° angle with the visual axis [5]. In primary position, the
action of superior oblique is intorsion, secondary action is depression, and tertiary
action is abduction. Inferior oblique muscle originates from the periosteum of the
maxillary bone behind the orbital rim and lateral to the entrance of the lacrimal
fossa. It then passes laterally, superiorly, and posteriorly below the inferior rectus,
under the lateral rectus and inserted into the posterior lateral quadrant of the eye
ball. In the primary position, its primary action is extortion, secondary action

is elevation, and tertiary action is abduction. The spiral of Tillaux describes the
distance in millimeters from limbus to the insertion point of the four recti muscle:
superior rectus (7.7 mm), lateral (96.9 mm), inferior (6.5 mm), and medial

(5.5 mm). The lateral rectus is supplied by the abducent nerve, superior oblique by
trochlear nerve, and the oculomotor nerve supplies all the rest (superior/medial/
inferior recti and inferior oblique). Extra ocular muscles are supplied by muscular
branches of the ophthalmic artery. The larger medial muscular branch supplies the
inferior/medial recti and inferior oblique, while the lateral muscular branch sup-
plies the lateral/superior recti, superior oblique, and the levator palpebrae superi-
oris muscle. Eye movements can be uniocular (ductions) or binocular (versions).
Movement of the eye nasally is called adduction, temporally abduction, downward
infraduction, and upward supraduction. Nasal rotation of the superior corneal
meridian is called intorsion or incycloduction, while temporal rotation is termed
extortion or excycloduction. An agonist is the primary muscle involved in moving
the eye in a given direction. A synergist is the muscle in the same eye that acts with
the agonist to produce a given movement. An antagonist is a muscle in the same
eye that produces action opposite that of the agonist. According to Sherrington’s
law [6] of reciprocal innervation, increased innervation and contraction of a
given extra ocular muscle is associated with decrease innervation and contraction
of its antagonist. Conjugate binocular eye movements which ensure the eyes move
in the same direction are called versions; disconjugate movements which make

the eyes move in opposite directions are called vergences. By this notation, right
gaze is dextroversion, left levoversion, upward sursumversion, and downward
deorsumversion. Rotating the eyes such that such that the superior pole of both
corneal meridians is turned to the right is called dextrocycloversion, when to the
left levocycloversion. Yoke muscles are two muscles in separate eyes that are prime
movers for any given position [7]. All the muscles have respective partners that
they work simultaneously to produce binocular movement. According to Hering’s
law [8] of motor correspondence, equal and simultaneous innervation goes to
yoke muscles to produce binocular movement in desired direction. Convergence
arises when the two eyes move nasally from any initial position, and divergence

is when they move temporally from relative initial position. Nasal rotation of the
vertical pole of both corneal meridians is incyclovergence, while temporal rotation
is excyclovergence. The relative position of the eyes at rest is that of divergence,
hence tonic convergence maintains the position of the eyes during wake period.
The synkinetic near reflex consists of accommodation, convergence, and miosis.
There is consistent increase in accommodative convergence (AC) for each diopter
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of accommodation (A) [9]. When the accommodative convergence/accommoda-
tion (AC/A) ratio is high, excess convergence could result in esotropia when
viewing near objects. Voluntary convergence can consciously be induced as part of
the near synkinesis. Proximal convergence can be produced based on the psycho-
logical awareness of nearness of the object. Bitemporal retinal image disparity
stimulates fusional convergence which insures the image of an object is projected
on corresponding retinal points. Conversely, fusional divergence could occur as

an optomotor reflex to align the eyes so that images fall on corresponding retinal
points. Retina stimulation is perceived as light coming from a specific visual direc-
tion in space. Retinal correspondence is said to occur when light stimulates two
points in both eyes which share a common visual direction. Corresponding retinal
points share a common relationship with the fovea in both eyes, and such rela-
tionship is described as normal retinal correspondence (NRC) [10]. Anomalous
retinal correspondence (ARC) occurs when two points in the retina of both eyes
do not share similar relationship with the fovea. Normal fovea and extra foveal
NRC result in binocular single vision. Similarly, points in both eyes with similar
fixation/orientation appear singly so far as they fall on a point that passes through
the optical center of each eye and fixation point (Vieth-Muller circle). The process
of cortical image unification of objects that fall on corresponding retinal points

is called fusion. Retinal images are fused in the cortex when they are similar in
shape, size, and clarity. Fusion has sensory, motor, and stereopsis components.
The sensory part deals with relationship of the retinal points in the two eyes, while
motor fusion is vergence movement that ensures retinal image fall and is main-
tained on corresponding points. Stereopsis is said to occur when disparity in image
size is big enough not to permit cortical fusion but not enough to cause diplopia.
Stereopsis is a binocular perception of depth that adds to quality of vision and
three dimensions.

2. Visual assessment in children

The techniques of assessing vision in children are tailored to fit the patient’s age.
It is often challenging and tasking irrespective of the age and requires gaining the
trust of the child and the parent. The clinic environment should to some extent fit
ideal setting to do so. This is frequently not available in some low income countries
as few pediatric ophthalmic clinics are purposefully designed. Frequently, the
same make soft clinic area is used for all purposes. The CSM (Central, Steady, and
Maintained) criterion can be used for preverbal children. This involves determin-
ing the location of the corneal reflex which should be central in a normal child
while mono-fixating with the contra lateral eye occluded. The location of the reflex
should be central in both eyes as uncentral position is abnormal. The fixation
should be steadily (S) maintained with the light in stationary position and when
moved in other directions. Fixation should be (M) maintained in both eyes, and
failure in one eye may indicate the presence of amblyopia. A child would elicit
avoidance movement when the seeing eye is occluded and can be indifferent when
occlusion involves an amblyopic eye. Illiterate “E” chart “game” can be used to
assess vision in preschool children. HOTV test can be used as it employs match-
ing of objects placed on the distant display and a hand held version that enables
the child to indicate similar images. Children of school age can have vision tested
with Snellen’s chart which has the drawback of crowding of letters that make its
use limited in those with amblyopia. Various picture charts are developed showing
objects that are commonly seen in the locality instead of trains and busses that may
be unfamiliar to children in the developing world.
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2.1 Light reflex test

Light reflex tests consist of the Hirschberg and Karimsky. The Hirschberg
test measures the extent of decentration of the corneal reflex, and 1 mm of
decentration is equivalent to 7° or 15 prism diopters. When the light reflex is at
pupillary margin, there is (15°), mid iris is (30°), and at limbus (45°) of deviation,
respectively. The Krimsky test uses corneal reflex from both eyes and a prism is
placed before the fixating eye and adjusted till alignment is achieved. The test is
ideally performed at near gaze position. To a lesser extent, Bruckner’s test [11] can
be used to detect (without quantifying) the presence of a squint. Light from an
ophthalmoscope is shone directly into both eyes, and the reflection from the devi-
ating eye is brighter than in the fixating eye. The light reflex tests can be affected
by angle kappa (the angle between the anatomical and visual axis of the eye). In
normal situations, the fovea is usually temporal to the pupillary center making the
corneal reflex slightly nasal (the resulting positive angle Kappa that appears like
an exodeviation), and this can affect the light reflex test though it has no impact
on cover tests.

2.2 Cover tests

Cover tests are employed to assess misalignment. Monoocular test such as
cover-uncover is used to distinguish heterophoria from heterotropia. When one
eye is covered, the uncovered eye moves to take up aligned position, and the move-
ment is reversed when the cover is removed. The test is based on the principle that
breaking up of binocular vision during the test leads to adjustment in alignment
in those with phorias. In the presence of manifest squint, the test is started with
a deviated eye, and at the end, it is noted that the deviation is maintained by the
index or contra lateral eye. Alternate cover test is done to determine and quantify
the extent of deviation whether latent or manifest by the placement of a prism is
in front of the eye. The base of the prism is placed opposite the direction of the
deviation. The amount of deviation is measured with prisms as the cover is moved
from one eye to another till alignment is achieved. Simultaneous prism and cover
test can be employed to determine extend of manifest deviation when both eyes
are uncovered [12].

2.3 Dissimilar image test

Dissimilar image tests involve making the images appear dissimilar in both
eyes. The principle is that in the normal eye, the image falls on the fovea, while
in the deviating eye, it falls elsewhere in the retina. A patient sees the images
appearing somewhat homonymously in esotropia and crossed in exotropia. The
Maddox rod consists of parallel cylinders that convert a point source of light into a
straight line that is at right angle to the arranged cylinders. In normal situation of
orthophoria, a person looking at a distant pointed light source with the rod placed
before one eye would see a straight line (with the eye wearing the Maddox rod)
and a point source of light (with the other eye). The light spot will appear to be at
the center of the line. Maddox rod can be used to measure horizontal and verti-
cal deviations. The relationship of the line relative to the spot of light determines
the type of deviation. To quantify the deviation, a prism can be placed before the
deviating eye till the state or orthophoria is achieved with the spot of light super-
imposed on the middle of the line. Cyclo deviations can also be measured with
double Maddox road [13].
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2.4 Dissimilar target test

This test involves making the eyes to be exposed to different targets at the same
time and measuring the extent of deviation with one eye fixating then the other.
Patients with esotropia will have crossed fixation and exotropes homonymous
diplopia. The Lancaster red-green test consists of red-green goggles that can be
reversed, red/green slit projector, and a ruled screen with many small squares. With
red lens on the right, the patient is requested to superimpose the green slit, and the
goggles are reversed to run the test again. This test is done in patients with diplopia
from incomitant squint and may not apply to children who rarely present with this
type. The mayor amblyoscope is calibrated to measure the extent of vertical, hori-
zontal, and torsional deviations when the patient look through and superimpose
dissimilar targets.

2.5 Historical perspective

Children require an adult who may be a parent, sibling, or other relations to
accompany them to the hospital. The mother is the person closest to the child and
in better position to offer more reliable information on the ocular condition of the
patient. However due to religious and socio cultural practices, it is not unusual to
see grandmothers and other relations who have minimal knowledge are made to
accompany the children to the clinic. In vast rural communities, there is virtually
no documentation of medical illness and recollection of what happens in the past
is quite vague. Coverage of antenatal care by orthodox methods is largely poor with
cost, distance, and attitude of healthcare providers constituting a barrier. Squint
and other ocular conditions that are not associated with dramatic pain or debility
may not attract attention warranting prompt medical care. There is varied indi-
vidual and community perception of squint based on cultural and religious beliefs
resulting in poor awareness of the cause and availability of treatment often leading
to social stigmatization [14]. There is poor perception of strabismus in community
that could partly be due to poor knowledge of the condition [15]. Deviating eye may
be considered as an act of creation by God. In some communities, there is taboo and
superstition attached to it resulting in stigmatization and ostracism. In the United
States, an estimated 4% of children have strabismus [1]. In sub-Saharan Africa,
population prevalence statistics are at best scarce, and the exact extent is likely to
be known. A study involving thousands of elementary school children showed that
esotropia and exotropia occurred in 0.14% of the population [16]. The prevalence
varies between countries and the type of study conducted ranging from 0 to 2% in
Ghana [17], 1.1% in Ethiopia [18], 0.5% in Tanzania [19], and 1.22% in Cameroons
[20]. As much as is realizable, it is important to determine the onset, description of
the type, laterality, variation with time, and duration of the deviation. Key knowl-
edge includes determining whether it affects one eye or alternates. Any associated
ocular features such as leucocoria to suggest secondary causes like cataract and
retinoblastoma [21]. The clinician should obtain the history of previous spectacle
prescriptions or ocular surgery performed. There may be a positive family history
of similar symptoms and where available photographs could provide further clues
in the patient’s evaluation.

2.6 Definition and classification

Strabismus is a Greek term which simply means ocular misalignment. Manifest
deviations that are detectable when both eyes are opened are called tropia and
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may present as a constant or intermittent deviation involving one eye or both eyes.
Latent deviations are termed phorias and detectable only when one eye is covered so
that the vision is monocular. In phorias, the misalignment is minor and corrected by
cortical adjustment of the extra ocular muscles. Deviations are said to be comitant
when they are the same in amplitude and degree of misalignment in all directions
of gaze. Incomitant deviations vary in degree and amplitude with direction of gaze.
Horizontal deviations could be nasal termed as esotropia or temporal exotropia.
Other less common deviations in childhood include vertical (hyper deviation or
hypo deviation) and torsional (incyclodeviation or excyclodeviation). Deviation
could also manifest as a combination of the above. Pediatric strabismus can be
infantile or acquired. Risk factors for infantile strabismus include a positive fam-

ily history among first and second degree relatives, maternal alcohol ingestion in
pregnancy, maternal smoking [22], genetic disorders (such as Crouzon’s and Down’s
syndromes), prematurity and or, low birth weight, congenital ocular defects, and
cerebral palsy. Causes of acquired strabismus include refractive error (particularly
hyperopia), head injury that could include birth trauma, and neurological condi-
tions (such as cranial nerve palsy involving nerves 3, 4, 6, and spina bifida).

2.7 Infantile esotropia

Esodeviations can be described as a latent or manifest convergent ocular mis-
alignment. The latent type (esophoria) is negated by the fusional mechanism of the
brain. Intermittent esotropia is the type that is to some extent controlled by fusional
mechanism, and deviations manifest under conditions of stress or fatigue when the
fusional mechanism becomes obviated. Esotropia noted within the first 6 months of
life is termed infantile (or congenital) and in most instances is present in an other-
wise normal child. Although the etiology is unclear, Worth’s concept postulates a
deficiency in cortical in the brain, while Chavasse postulates a possible mechanical
cause [23], and thus cure can be achieved by eliminating the deviation in infancy.

In developed countries where health documentation is the norm, a positive family
is often present, while in sub Saharan Africa, such information is rarely obtained.
Children with esotropia elicit alternate fixation, those with large angle deviation
uses the adducted eye to fixate on objects in the contra lateral visual field (crossed
fixation). The deviation is large and often greater than 30 prism diopters. Quite
frequently the patients tend to have demonstrable inferior oblique overreaction in
over 50% [24].

2.7.1 Management of infantile esotropia

The assessment of degree and extend of deviation are important in addition
to cycloplegic fundal examination to rule out other secondary causes of mis-
alignment such as a cataract or retinoblastoma. There may be a need to examine
and refract the child under anesthesia. This warrants clinical examination by
a pediatrician in addition to laboratory tests such as electrolytes and urea, and
hemogram and hemoglobin electrophoresis as sickle cell disorder is frequent
in SSA. Cycloplegic refraction often reveals a hyperopia of not more than two
diopters, though in some instances, patients may be myopic or have astigmatism.
It is necessary to correct any detected refractive error fully and promptly. In most
instances, surgical correction is required preferably within the first 24 months of
life. Early surgery is aimed at reducing deviation as much as could be achieved and
obtaining orthotropia. This would enable better alignment and achieving fusion
[25], characterized by favorable cosmetic appearance, improved peripheral fusion,
and central suppression.
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2.8 Acquired esotropia

This includes accommodative [26], nonaccommodative, and nystagmus associ-
ated esotropia. Accommodative esotropia presents between second and third
year of life and is associated with activation of the accommodation reflex. It is
characteristically intermittent at onset and later becomes constant and there may be
associated amblyopia. In aged children, diplopia may be elicited before the onset of
facultative suppressive scotoma. This type of esotropia has a hereditary component
and could be precipitated by illness or trauma. Refractive accommodative esotropia
is associated with hypermetropia, accommodative convergence, and insufficient
fusional divergence. The esotropia is equal for both far and near fixation. Treatment
involves cycloplegic refraction and dispensing of full correction to ensure good
outcome [27]. Parental counseling to ensure constant use of spectacle correction is
important in achieving compliance. Children who manifest non-accommodative
component or fail to regain fusion with glasses may require surgery.

2.9 Accommodative esotropia

The accommodative synkinetic reflex consists of accommodative esotropia, con-
vergence, and miosis. The age of onset range ages between 6 months and 7 years; it is
intermittent at onset, and later becomes constant; symptoms may be precipitated by
trauma or illness; and often there is associated amblyopia and is of hereditary nature.

2.10 Refractive accommodative esotropia

This type of esotropia is associated with uncorrected hyperopia, accommodative
convergence, and fusional divergence insufficiency. Accommodation is stimulated
due to existing hyperopia to obtain better retinal focus. Accommodative esotropia
accounted for 18% of 7000 school children is examined [16]. Esotropia could mani-
fest early [28], and the extent of deviation is the same for far and near. The amount of
hyperopia is about +4 diopters, and the degree of deviation is in the range of 30-40
prism diopters. The aim is to do a cycloplegic refraction and offer full correction to
be worn at all times. Counseling of the parents is important as treatment may not
completely eliminate the deviation. Indication for surgical correction includes failure
to attain fusion and presence of nonaccommodative component of the deviation.

2.11 Esotropia with high accommodative convergence/accommodative ratio

This type of esotropia can be refractive or nonrefractive. In hyperopia, excess
convergence can result with accommodation for near objects. The degree of esotro-
pia is more for near than distance vision. There is a detectable difference in extent
with varied distance of accommodation. Nonrefractive accommodative esotropia
can occur with normal levels of hyperopia, astigmatism, and myopia. Refractive eso-
tropia with high AC/A can occur with hyperopia, and when associated with myopia
or emmetropia, it is described as nonrefractive accommodative esotropia. Partially,
accommodative esotropia could arise from decompensation of fully accommodative
esotropia or an esotropia that develop subsequent accommodative component.

2.12 Management of esotropia with high AC/A
Bifocals are prescribed for treatment of nonrefractive accommodative esotro-

pia. Flat top executive types of bifocal are preferred with power of +3.00 diopter
sphere. The caregiver needs to be advised on consistent use and patient monitored
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to achieve restoration of fusion and stereopsis. The goal is to attain fusion with less
than 10 prism diopters of residual esotropia for near vision with patient wearing the
correction. Relative high AC/A has been observed even with bifocals use over time
period [29]. Other measures include use of long-acting anticholinesterases such as
0.125% ecothiopate iodide drops. The treatment should commence with maximum
dose and tailored based on response. Anticholinesterases have complications arising
from depletion of pseudocholinesterases leading to increased susceptibility to
depolarizing muscle blockers such as succinylcholine. Surgery can be performed to
correct the esotropia instead of the earlier listed modalities. The normal trend with
hyperopia is that it increases about the age of 5-7 years. Partially, accommodative
esotropia is treated with full cycloplegic refraction and prescription of full correc-
tion. There is often a need for concurrent treatment of associated amblyopia.

2.13 Nonaccommodative acquired esotropia

This type of esotropia presents between the ages of 1and 5 years. It may acutely
present the following disruption of binocular vision from amblyopia treatment
or after ocular injury. There may be associated underlying neurological disease or
malignancy [30]. When clinical neurological assessment is normal, binocular vision
is restored with prisms or surgery.

2.14 Sensory deprivation esotropia

This arises from occlusion of the visual axis from other ocular condition such as
cataract [31], corneal opacity, glaucoma [32], and retinoblastoma [21]. This requires
prompt removal of the underline cause wherever possible and treatment of any
resulting amblyopia.

2.15 Surgical esotropia

Surgical esotropia is also referred to as consecutive esotropia. This form of esotropia
arises as a result of surgical correction of exotropia (perhaps due to overcorrection).
The deviation may improve spontaneously and when it this doesn’t happen, prisms
are used to correct it. The presence of abduction deficiency should raise suspicion of a
slipped lateral rectus muscle [33], and patient may require transposition procedure.

2.16 Near synkinetic reflex spasm

The near reflex has accommodative, convergence, and miosis components. There
may be a manifest cycle of esotropia and orthotropia. The cause may not necessarily
be organic and could be due to psychological factors. The patient has no demonstrable
abduction paralysis. Cycloplegic refraction and prompt correction lead to improve-
ment, and in the presence of hyperopia, the patient may require bifocal correction.

2.17 Incomitant esotropia

This deviation varies in severity with the position of gaze and is due to abducent
nerve paralysis. Cross fixation can be mistaken for this type of esotropia. In the
absence of strabismic amblyopia, the vision in both eyes is comparably normal.
Sixth nerve paralysis is rare at infancy, and its presence in childhood should raise
the suspicion of an intracranial mass. Therefore, full neurological screening includ-
ing brain CT scan and MRI is needed. Infectious causes such as meningococcal
and tuberculous meningitis are more common causes in SSA. Treatment involves
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correction of any associated hyperopia, patch therapy for amblyopia, and use of
membrane (Fresnel-press on) prism. Those with underlying medical condition
should be treated in collaboration with respective specialists.

2.18 Exotropia

Divergent squints can be latent (exophoria-negated by the fusional mechanism)
or manifest (exotropia). Exophorias can be demonstrated by breaking the fusional
mechanism (uniocular occlusion as in cover test). Exophoria is often small, and
there may not be a need for treatment unless an exotropia develops.

2.19 Intermittent exotropia

This is the most common type of exodeviation and can be latent or intermittent
and usually present before the age of 5 years. The deviation is associated with fatigue,
stress, and periods of relative inattention. Initially, the deviation tends to be greater
for distance (intermittent distant exotropia—IDEX) than near, and later, the extent
is similar irrespective of relative object’s position. The disparity could be due to high
AC/A ratio or tenacious proximal fusion which arises from slow relaxation of the
fusional mechanism, thus limiting conversion of exophoria to exotropia. Progression
to constant exotropia is common though there is usually no associated amblyopia.
Management involves assessment using the Newcastle control score [34]. Good
control is defined when exotropia manifests only with cover test with resumption
of vision without blink/refixation. Fair control is defined when exotropia manifests
after cover test and fusion resumes with blinking or refixation. Poor control is defined
as spontaneous manifestation of exotropia and remaining for extended period. The
degree of deviation is assessed at a distance using prism and cover test. Patients’
with high AC/A will have less deviation with +3.00 diopters. Intermittent esotropia
can be classified based on observed differences in prism and alternate cover tests for
near and distance. In the basic type, the deviation is the same for distance and near.
In divergence excess, the deviation is greater for distance than near, and conver-
gence insufficiency is present when the deviation is greater for near than distance.
Nonsurgical management involves providing appropriate refractive correction in
patients with myopia, astigmatism, or hyperopia. Minus lenses of 2-4 diopter sphere
can be used to stimulate accommodative convergence and delay surgery. Part time
patching (4-6 h daily) and alternate day patching can produce some improvement
which can be used before surgery. Some clinicians advocate orthoptic treatment
consisting of training for diplopia awareness and fusional convergence. Base in can
be used as short-term treatment as their long-term use is associated with reduced
fusional convergence amplitude. Surgery should be considered when deviation is
present more than half of the time and consists of bilateral recession of lateral rectus
muscle, or recession of one lateral rectus with ipsilateral medial rectus resection.
Bilateral lateral rectus recession could result in postsurgical (consecutive) esotropia
usually of less than 15 prism diopters and may require treatment with press-on prism
if persistent beyond 4 weeks of postoperative period. Without evidence of slipped
muscle, observation over a few months of period is advocated as spontaneous resolu-
tion is common. A review has shown that despite the absence of natural history data
of IDEX, unilateral surgery appears to be more effective than bilateral surgery [35].

2.20 Other types of exotropia

This includes constant exotropia that could arise from decompensated inter-
mittent or sensory manifest exotropia and can be treated with similar surgical
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procedure as intermittent exotropia. Infantile exotropia typically present within the
first 6 months of life is usually associated with neurological anomalies. Sensory exo-
tropia could arise from disease causing uniocular visual deprivation such as cata-
ract, corneal opacity, gross retinal anomalies, and optic nerve atrophy. Convergence
insufficiency esotropia is not common in children.

2.21 Amblyopia

Amblyopia is defined as the reduction of best-corrected visual acuity of one
or both eyes that cannot be attributed exclusively to a structural abnormality of
the eye. It develops during childhood and results in the interruption of normal
cortical visual pathway development and is characterized by a difference in
best-corrected visual acuity of two or more lines between the eyes [36]. A study
in Asia, Latin America, and Africa indicated a prevalence of 1.52 per 1000 chil-
dren [37]. In amblyopia, there is reduced visual acuity and contrast sensitivity
due to the abnormal processes in the visual cortex [38]. The causes of amblyopia
include uncorrected refractive error, strabismus, and obstruction of the visual
axis. There is the traditional view that treatment should commence before the age
of 8-9 years, and a study suggests that the treatment can extend into early adult-
hood as the ability of the brain to adjust (plasticity) extends to such period [39].
Treatment involves correction of refractive errors with guidance on consistent
use of the prescribed glasses. Children with conditions giving rise to occlusion of
the visual axis (cataract, corneal opacity) should have the cause removed without
delay. The patients with strabismus should be accessed, and appropriate treatment
measures should be instituted. Patching therapy is indicated to encourage the
weaker eye take up fixation and realign with the visual cortex. There are various
regimes based on hours per day or, alternate days. It is of importance to monitor
the child by both clinician and caregiver to assess progress. Penalization can be
employed as alternative to patching, and it involves the use of atropine eye drops
to blur images in the better eye, thus encouraging the child to use the so-called
weaker eye [40].

3. Conclusion

Childhood strabismus strabismus, presenting unit challenges, is evaluation and
management. There is poor recollection of medical history and often children are
not accompanied to the hospital by their biological parents. Poor knowledge results
in misconception and stigmatization of children with squint. Religious and cultural
practices coupled with inequity in access to health care could result in amblyopia,
thus retarding the child’s development.
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Chapter 6

Congenital Nasolacrimal Duct
Obstruction and the Visual System

Adnan Aslam Saleem

Abstract

Congenital nasolacrimal duct obstruction (CNLDO), previously considered a
benign disease, affects 20% of the children globally. It is described by a collection of
symptoms in which continuous epiphora and intermittent discharge are present in
either one or both the eyes. CNLDO usually resolves in most healthy infants in the
first few couple of months; however, it may persist for a number of years in some
children. There has been a lot of recent deliberation on how a constant watery eye
affects the visual development during the phase of emmetropization in children. A
connection between CNLDO and anisometropia has been hypothesized. Multiple
factors which include developmental and environmental aspects are thought to play
a contributory role in the development of anisometropia by and large; particularly
hypermetropic anisometropia, raising the chances of developing amblyopia in
children with CNLDO. Published literature on CNLDO had shown inconclusive
evidence on this anecdotal propinquity. This chapter discusses CNLDO; etiology,
pathogenesis, treatment modalities, surgical intervention, and its role in inducing
refractive errors; and its propensity to cause amblyopia.

Keywords: congenital nasolacrimal duct obstruction, anisometropia,
refractive status, amblyopia

1. Introduction

Tears are words that need to be written (Paulo Coelho). Tears physiology and
fluid dynamic are intricate and multifaceted. Tears are produced by the main and
accessory lacrimal glands and drain medially into the puncta, then flow through
the canaliculi to the lacrimal sac, and then through the nasolacrimal duct (NLD)
into the nose. Contraction of the orbicularis muscles creates a pumping action that
facilitates the flow of tears through the lacrimal system. Congenital nasolacrimal
duct obstructions (CNLDO) are one of the most common cases seen in pediatric
ophthalmology clinics. CNLDO occurs in 5-15% of full-term newborns [1].
CNLDO is characterized by epiphora and intermittent discharge. CNLDO remains
the most common cause of epiphora in infants. It is usually unilateral or asymmetric
and is largely due to a persistent membrane at the level of Hasner valve. The valve
of Hasner is located at the distal end of the nasolacrimal duct where it enters the
inferior meatus lateral to the inferior turbinate.

The valve of Hasner obstruction occurs due to unfinished canalization, a process
that begins in the 12th week of gestation and is completed by the 24th week. An
incidence of 35-73% has been reported for imperforate NLDs in full-term infants,
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with a preponderance opening up spontaneously during the first couple of weeks
of life [2]. The nasolacrimal duct normally canalizes from proximal to distal, so
the distal portion is often last to open up. Therefore, premature infants conceiv-
ably have higher rates of CNLDO. However, because tear production does not

take place almost near term, these infants mostly do not exhibit the symptoms of
epiphora. Infants with CNLDO present with excessive tearing or mucoid discharge
from the eyes due to blockage of the nasolacrimal duct system, which can result in
maceration of the of the eyelid skin and local infections. On examination, there is
an increased tear meniscus and there may be stickiness or crusting on the lashes.
Secondary infection is common in CNLDO due to the stasis of lacrimal sac contents,
proximity of the sinuses, and a rich lymphatic and vascular system within the
submucosa of the lacrimal sac.

2. Initial assessment

It is important to note that typically, CNLDO does not usually cause much
discomfort to children. Affected infants are otherwise well and act normally
despite the presence of noteworthy overflow of tears and mucopurulent discharge.
If infants have photophobia or other signs of chronic irritation, they should be
checked carefully for signs of glaucoma, keratopathy, or epiblepharon, i.e., other
factors of pediatric epiphora must be ruled out. The absence of corneal and
conjunctival abnormalities is an important factor in establishing a diagnosis of
CNLDO. Other causes of epiphora such as acute conjunctivitis, congenital anoma-
lies of the upper lacrimal drainage system (punctal or canalicular atresia or agene-
sis), entropion, and triachiasis also must be evaluated. The most important entity in
the differential diagnosis of CNLDO/epiphora would be infantile glaucoma. NLDO
may be confused with glaucoma by primary care physicians due to the presence of
epiphora. It is important to check intraocular pressure, corneal diameters, and cup
to disk ratio to rule out this condition.

It is recommended to do a fluorescein disappearance test (FDT) on all children
with epiphora as it provides evidence to support a diagnosis of lacrimal outflow
obstruction. Fluorescein 1% is instilled into each lower conjunctival fornix. The
child sits on the parent’s lap while the cobalt blue light of a slit lamp is used to
illuminates the eyes. Cobalt blue light of an ophthalmoscope can be alternatively
used. The tear meniscus is evaluated at 2, 5, and 10 minutes. Each eye is graded at
0,1, 2, or 3 (0 = fluorescein completely gone, 3 = no fluorescein gone). Normally,
the fluorescein disappears by 5 minutes but the dye remains in the conjunctival
cul-de-sac in children with obstruction. Mild pressure on the lacrimal sac produces
regurgitation of fluorescein-stained tears, particularly in those with a mucocele.
This test visibly demonstrates the nature of the problem to the parents and provides
practical time to discuss the cause and management of CNLDO. The fluorescein dye
disappearance test can reliably confirm lacrimal duct obstruction noninvasively,
with a sensitivity of 90% and a specificity of 100% [3]. In most centers, FDT has
become the preferred tool for diagnosis of CNLDO.

Approximately 90% infants with CNLDO experience spontaneous resolu-
tion before the age of 1 year. It becomes symptomatic in merely 5-6% of infants
[4]. Probabilities of spontaneous resolution by 12 months of age are 80-90%,
at 3 months of age, 68-75%, at 6 months of age, and 36-57% at 9 months of age
[5]. Bilateral symptoms are present in 14.0-33.8% of patients with CNLDO, all
of which either spontaneously resolve simultaneously or within 3 months of
contralateral resolutions. In cases of bilateral CNLDO, when epiphora in one eye
settles spontaneously during 10-12 months of ages, it is rational to monitor the
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child for further 3 months as spontaneous resolution can occur in a substantial
percentage of children after 1 year of age [6].

Congenital dacryocystoceles are an uncommon variant of CNLDO, typically
seen at birth or shortly after birth as a blue-colored cystic mass over the lacri-
mal sac. The valve of Hasner again is the most frequent site obstruction due to
incomplete canalization. A congenital dacryocystocele accompanies CNLDO in
approximately 0.1% of infants. Children with Down syndrome, craniosynostosis,
Goldenhar sequence, clefting syndromes, hemifacial microsomia, and midline
facial anomalies are at an increased risk for CNLDOs. Although most cases of
CNLDO are diagnosed clinically, some conditions especially craniofacial malforma-
tions or Down syndrome, the bony obstruction at the CNLDO can be confirmed
with computed tomography (CT Scans). Dacryocystocele (where both proximal
and distal lacrimal system are obstructed) commonly results in dacryocystitis (or,
rarely, neonatal respiratory obstruction) at birth, it necessitates surgical interven-
tion following diagnostic imaging.

3. Initial Management

The treatment of CNLDO is, at first, conservative. Conservative treatment con-
sists of nasolacrimal massage, warm compresses, and topical antibiotics for second-
ary infections. Massage of the lacrimal sac increases the hydrostatic pressure within
the sac thereby breaking open the distal membrane. The most important aspect
of conservative treatment is educating the parents, providing reassurance and
information about the etiology, and natural history of CNLDO. Printed leaflets that
provide information for the parent are very useful. Parents should be encouraged
to clean the lids and lashes with cooled boiled water or normal saline and to lightly
express the contents of the lacrimal sac. This maintains flow in the system and
prevents stagnation, reducing any sticky discharge. Method of the massage should
be explained to the parents. Parents find this difficult and need clear instructions.
They should press on the sac below the medial canthus with their little finger
multiple times per day if possible. Vaseline or liquid paraffin should be applied to
the periocular skin to protect and treat any areas of redness or broken skin.

Antibiotic eye drops in CNLDO should only be used when it is accompanied
by signs of conjunctivitis. It is somewhat common practice in some centers
that topical antibiotics are used in combination with conservative therapy for
CNLDO. However, there is no evidence indicative of the fact that antibiotic eye
drops appreciably facilitates the resolution of CNLDO. Conjunctival bacterial flora
in CNLDO patients is almost identical to those in the normal pediatric population
and the use of antibiotic eye drops may cause normal bacterial flora to be substi-
tuted with a drug resistant flora. As infants have immune system that is in flux and
is not geared-up to remove resistant bacteria they may possibly become carriers of
resistant bacteria. Thus, antibiotic eye drops are completely unnecessary in conser-
vative therapy for simple CNLDO [7].

3.1 Surgical management

Intervention is usually done when CNLDO becomes persistent and/or once
the child is older than 1 year of age. Probing the nasolacrimal duct to open the
membranous obstruction at the distal nasolacrimal duct is the preferred initial
management. Probing can be performed without anesthesia in the office setting,
but it is usually preferred to do the procedure under general anesthesia (GA) in the
operating room. The benefit of GA is less discomfort and the ability to perform
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additional procedures if other abnormalities are found while the child is under

GA. Probing aims to solve the symptoms of epiphora/discharge by clearing up the
membranous obstruction; however, it may not be able to relieve the obstruction if it
is due to protrusion of the bone of inferior turbinate into the NLD or when the NLD
is swollen due to inflammatory processes such as dacryocystitis. Moreover, probable
complications with probing are; false passage formation, injury to the NLD, puncta,
canaliculi, bleeding, laryngospasm, and rarely aspiration.

While obstruction is mostly located at the valve of Hasner, obstruction may be
anywhere along the route. Surgical intervention consists of the introduction of a
flexible metal probe into the nasolacrimal duct to open it. A probe is placed into the
nasolacrimal duct and passed into the nose. Following probing the nasolacrimal
system is irrigated to assess its patency. This is usually done with normal saline
tagged with fluorescein dye. If fluorescein dye can be picked-up by suction from
the pharynx, probing can be considered successful. Postoperative tobramycin-
dexamethasone eye drops are used four times a day for 2-3 weeks. If after 6 weeks,
there is no improvement in signs or symptoms, probing and syringing (P&S) can be
repeated. Endoscopic inspection with a nasal scope during P&S is recommended;
especially if it is being done the second time, to identify anatomical anomalies
and to ensure accurate probe configuration. Various studies show a success rate of
90-95% after initial probing [8-11].

The timing of initial probing is debatable and varies between surgeons and
centers. Some surgeons recommend early intervention. Their concern is that pro-
longed epiphora is annoying to both child and parents. More importantly, a delay in
treatment may increase the risk of infections and long-term damage to the system
resulting in inferior success rates of simple probing. In countries where pediatric
ophthalmic care is limited to a few urban centers; where children present late with
complex CNLDO and where there is a high probability the child will not show up
for a follow-up, an early probing can be justified to some extent.

Typically, it is thought that the older the child at the time of probing, the less
successful the probing will be. Studies have reported variable success rates of prob-
ing and syringing when done in older children. A success rate of 94% was reported
by Havins and Wilkins for probing done in children less than 8 months compared
to 56% in children age 18 months and older [12]. Sturrock reported 86% success
when probing was done in children less than 1 year compared to 72% between 1
and 2 years of age and 42% for more than 2 years of age [13]. Katowitz and Welsh
reported success rates of 76.4% in 13-18 month old children; however, the cure rates
fall to 33.3% in children over 2 years [9].

Mannor et al. found a negative association between the age and success rates
of P & S. Contrary to this, Robb, Zwaan, and El-Mansoury found more than 90%
success rate in late as well as very late probing [10, 14, 15]. Robb found no difference
in cure rate with increasing age and noted an overall success rate of 92% varying
from 88.9 to 96.8% at different age intervals up to and beyond 3 years of age [16].
Honavar reported a success rate of 75.0% up to 4 years of age, after which it fell to
42.9% in children older than 4 years [17]. Casady reported success rates of 85% for
probing in children more than 18 months of age [18].

Factors besides increasing patient age that are associated with decreased
success rates for probing are severe symptoms, bilateral symptoms, canalicular
stenosis, atonic sac, and non-membranous CNLDO. A recent Cochrane review
assessing the effects of probing for CNLDO showed that the effects and cost of
immediate versus deferred P & S for CNLDO are uncertain. Patients with uni-
lateral CNLDO may have improved success from immediate P & S in the clinic.
Limiting factors in these studies were; sample sizes of participated children in
these trials were small and researchers examined outcomes at different points in
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time. They conclude that deciding whether to perform the procedure and its best
possible timing will entail well-run clinical trials [19].

If the preliminary probing and syringing fails, one may perform; as discussed
before, a secondary probing or an additional procedure. Second probing can
be repeated four to six after the initial procedure. Cure rates of second probing
are greatly decreased because unsuccessful first probing can result in cicatricial
strictures or a false passage [20]. The two main secondary procedures are balloon
dacryoplasty and silicone tube intubation.

During balloon dacryoplasty, a stent with a balloon at its distal end is passed
into the distal nares, the balloon is inflated (usually couple of times), then deflated
and removed. The aim is to widen the distal duct and decrease obstruction. The
primary advantage of balloon dacryoplasty is that no stent material is left in the
lacrimal system and therefore stent removal is not required. Balloon dacryoplasty is
particularly useful for patients with diffuse stenosis of the distal NLD. Success rates
for balloon dacryoplasty as a primary procedure are as high as 94%; however, the
procedure is costly; nevertheless it may have its benefit in intractable cases [21, 22].
Furthermore, the role of balloon dacryoplasty in the management of CNLDO needs
further evaluation and assessment.

Intubation is necessary in cases with lacrimal canalicular stenosis after probing.
The silicone tube prevents the formation of granulation-related obstruction around
the newly patent tract. Bicanalicular or monocanalicular silicone intubation of the
nasolacrimal duct can be used as a primary or secondary procedure. Intubation
should take place under GA after the nose has been prepared with decongestant.

It is recommended that a nasal endoscopic guidance system is used to view the
inferior meatus [23]. The lacrimal system should be probed first to ensure that the
tubes have an anatomical passage. Tubes come with a metal introducer and one

end should be placed through the system via the upper canaliculus, into the sac

and down the nasolacrimal duct into the inferior meatus from where it should be
retrieved under endoscopic view. The other end of the tube is inserted in exactly the
same way through the lower canaliculus. The ends are tied securely with multiple
square knots inside the nose and trimmed. Postoperative treatment consists of a
topical antibiotic and steroid preparation for 2-3 weeks.

Possible complications of intubation include canalicular cheese-wiring, superi-
orly/inferiorly dislocation, infection, and scarring of any part of the nasolacrimal
drainage system. Silicone tube stents if removed too early may result in the recur-
rence of obstruction. Breakage or prolapse of the tube may cause corneal abrasions
[24]. Retrieval of the probe is sometimes difficult during intubation and during
instrumental manipulation required during it may damage the nasal mucosa and
turbinate [25]. The timing of removing the tube is contentious, but the suggested
time is anywhere between 6 weeks and 18 months [26]. Leaving a tube in situ for
about 6 months may attain better success rates compared to removing it earlier [27].
A study reports that early removal of tube in children younger than 2 years did not
reduce the success rates of intubation [28]. Long-term intubation is associated with
a higher occurrence of breakage, dislodgement, migration, dislocation, or prolapse.
Tubes in almost all the cases are removed under GA through the nose. The tube is
cut at the medial canthus and removed under direct vision to prevent aspiration of
the tube. This system is then irrigated to remove any debris and to verify patency.

Its success rate of intubation range from 62 to 100% but in general, they decrease
with increasing age [29, 30]. A study reported success rates for intubation stratified
by patient age. The success rate for intubation in children aged 12-24 months was
91.3%, which reduced to 85.5% in those aged 24-36 months and to 79.6% in those
aged 36-48 months [31]. Several studies have explored the effectiveness of intuba-
tion as a main treatment modality in older subgroup of children because of the
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decrease in success rates for late probing. Although the success rate was high; none
of the studies included a control group.

The bicanalicular device has a silicone tube with a flexible metal probe on each
end. Each separate end is introduced into the upper or lower punctum and then
retrieved from the nose. Bicanalicular stents pass through both the upper and lower
canaliculus and typically create a closed circuit. Bicanacular system intubates the
upper and lower canaliculi connecting via the common canaliculus or the lacrimal
sac thereby intubating the entire nasolacrimal drainage system with the circuit
being open or closed in the nose. Examples of Bicanacular stent include Crawford
stent, Ritleng stent, Pigtail/Donut stent, and Kaneka Lacriflow stent.

Monocanalicular stents do not provide a closed loop system, but only intubates
either the upper or lower canaliculus. Examples of monocanalicular stents include
Monoka Stent and Jones Tube. Both monocanalicular and bicanalicular intuba-
tions are effective methods for treating CNLDO. Monocanalicular intubation has
the advantage of a lower incidence of canalicular slit formation, technical ease of
insertion, and easier tube removal. Moreover, the tubing does not threaten the un-
probed part of the lacrimal drainage system [32]. Bicanalicular intubations may be a
better treatment for the patients with incomplete complex CNLDO [33].

A met-analysis in 2016 showed that the results of immediate and deferred P & S
did not vary in their success rates. There was no difference in between the success rates
of balloon dilation and intubation. Monocanalicular and bicanalicular intubation had
similar success and dislocation rates. Therefore, the preference of a particular proce-
dure on the treatment of CNLDO should be discussed in detail with parents by the
concerned surgeon to achieve the best possible results [34].

In cases where all above measures fail or in complex CNLDO, some surgeons
perform additional procedures such as turbinate fracture or dacryocystorhinostomy
(DCR). DCR is done provided the obstruction is distal to the lacrimal sac. DCR rep-
resents a last resort for patients in whom; multiple procedures have failed, complex
CNLDO, or in whom there is obstruction secondary to bony obstruction, dacryo-
cystitis, dacryocystocele, older children, or craniofacial dysmorphism. Infracture
of the inferior turbinate, usually done with a periosteal elevator or a hemostat,
is used to decrease the resistance of drainage in the distal nasolacrimal duct. It is
mostly useful for patients who have an exceedingly tight space between the inferior
turbinate and nasal wall. It also allows for better visualization of the inferior meatus
during endoscopic surgery. The success rate of inferior turbinate fracture alone is
83% [35]. Although a combination of probing with intubation results in good cure
rates of 88-100%, the success rate for a combined inferior turbinate fracture and
probing is no different to that for simple probing [36].

Conventional/external DCR is carried out through skin incision, the lacrimal
sacs are exposed, an osteotomy is made through the nasal bone, flaps are created
between the lacrimal sac and the nasal mucosa and then tube is placed which serves
as a stent. Laser DCR is a substitute; the ostium is created by means of a laser which
is placed through the canaliculus just adjacent to the nasal bone. An endoscope is
mostly used during laser DCR. Nasolacrimal stents are placed at the end of the pro-
cedure. External and endoscopic DCR have excellent success rates, comparable to
those of adult DCRs [37]. Endoscopic DCR can avoid a cutaneous scar and disrup-
tion of the medial canthal anatomy, but a pediatric endoscopic DCR is technically
more demanding because of the poor visualization afforded by small nostrils and
closer proximity of the operative field to the base of the skull [38].

Pediatric DCR has high success rates of 88-96% for external DCR and 82-92%
for endoscopic DCR [39]. Rapidly altering anatomy, ill-defined anatomical land-
marks, and aggravated growth of scar tissue have been suggested as possible factors
that could influence surgical outcomes in pediatric DCR. On top, because of a
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narrowed nasal cavity there is a propensity toward development of postoperative

adhesions between the rhinostomy site and the nasal septum; the use of a silicone
tubes in pediatric DCR may avert this obstruction and consequently ensure better
surgical outcomes [40].

4. CNLDO and its effect on the visual system

CNLDO has long been considered as a benign condition that does not influence
visual development. CNLDO has been at the hub of current debate on its proposed
relationship with anisometropia, strabismus, and amblyopia. The persistent tearing
caused by CNLDO distorts retinal images by producing a blur, thus defocusing the
retinal image thereby adversely influencing the process of physiological emme-
tropization. This interference with the physiological emmetropization has possibly
led to frequent findings of anisometropia in various studies.

The role of focused retinal images in the physiological emmetropization has
been discussed by Wright [41]. Newborns are hyperopic having a short axial length
relative to the refractive power of the cornea and lens. During the first few months
of life rapid growth in axial length (AL) occurs with subsequently decreases the
hypermetropia. The retinal image comes in clear focus through “emmetropization.”
Various studies have shown that growth of the eye after birth and the development
of its refractive capabilities are dependent on vision-dependent retinal mechanisms.
A basic observation is that a continuous image blur on the retinal cells in a new born
can result in lengthening of the axial length thus inducing myopia. The axiom is
that when we are born the AL of the eye is short; therefore, the eye is hypermetropic
and image blur on the retinal tissue in early life kindles AL elongation until image
clarity is achieved by proper focusing of light rays. Raviola and Wiesel concluded
that when visual input is deprived, as seen in cases where there is a dense corneal
opacity or ptotic/closed eyelids, the eye has a tendency toward myopia [42]. Even
if the eyelids are completely closed, more than 20% of light is still passed on to the
retina [43]. The influence of a blur images is so immense that (in a study done on
chicks) if only half the retinal image is blurred, then only that half of the globe will
lengthen [44].

In comparison to blurred images, if there is no stimulation of light, studies
show that it slows down the progress of blurred induced myopia and AL elonga-
tion. In theory, clearing up the image blur would abolish the stimulus of image
blur on AL elongation, thereby retarding AL growth and the process of emme-
tropization, thereby causing hypermetropia [45]. In addition to the influence of
AL elongation by blurred image stimulation of the retina, it seems that intrinsic
growth of the eye is disengaged from visual input. AL elongation and thickness
of the choroid alterations occur in diurnal pattern. In general, AL elongates and
choroid thickens during the day and dawdle downs at night signifying a circadian
rhythm. This suggests that the eye has an intrinsic growth rate that will occur in
the absence of visual input [46].

No cause-effect relationship linking CNLDO and anisometropia has been stud-
ied and the precise method by which CNLDO might cause refractive error, aniso-
metropia, and amblyopia is indistinct. As discussed, the proper focusing of images
on the retina early in life is vital for emmetropization. It is indefinite what part, if
any; persistent tearing has on visual development, refractive status, and amblyopia.
Several authors have recently described an association between CNLDO and the
development of amblyopia and strabismus secondary to anisometropia [47-49].
The major visual concern in CNLDO is the presence of significant anisometropia
during vital period of visual development in these infants.
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CNLDO rarely, if ever, results in complete visual obstruction. Besides, early
unilateral visual deprivation as discussed before has been linked with myopia not
hypermetropia [42, 50]. It is postulated that accumulation of discharge, excessive
tears, and antibiotic ointments may result in deformation of retinal images. This
image disparity may lead to a lack of appropriate emmetropization process and as a
result the repeated finding of anisometropia in the affected eye. It is also proposed
that this anisometropia is refractory. However, recent studies reveal that this is not
necessarily true [51], which will be discussed in a while.

4.1 Visual system, anisometropia, and amblyopia

An estimated 285 million people around the world are visually impaired; 19
million are children below the age of 14 years. Childhood visual impairment is
estimated to be the second leading cause of the burden due to blindness [52]. Forty
percent of childhood blindness is preventable; 12 million children are visually
impaired merely because of refractive errors. Uncorrected refractive errors lead
to amblyopia and strabismus [53, 54]. Anisometropia is one of the major causes of
amblyopia. Visual disabilities in children are also more intricate compared to adults
thus preventing visual impairment in children in resource-poor countries is one of
the key components of VISION 2020 the Right to Sight.

The significance of anisometropia as a source of amblyopia is well documented.
Amblyopia risk factors based on American Association for Pediatric Ophthalmology
and Strabismus (AAPOS) criteria include: anisometropia (spherical or cylindrical)
>1.5 diopters; any manifest strabismus; hypermetropia >3.5 diopters in any merid-
ian: myopia magnitude >3.0 diopters in any meridian: any media opacity >1 mm;
astigmatism >1.5 diopters at 90 or 180° >1.0 diopters in oblique axis (more than 10°
from 90 or 180°) and ptosis <1 mm margin reflex distance (MRD) [55]. Although
binocular single vision (BSV) develops at the age of 2 years, the fixation reflex is
not fully established until the age of 9 years. Visual acuity remains in a state of flux
prior to this age predisposing the child to anisometropia, strabismus, and amblyo-
pia. In a population-based study on 961 children with amblyopia, the author found
the cause to be strabismus in 57%, anisometropia in 17%, and combination of two
in 27% patients [56].

Donahue suggests that 1D of anisometropia can be considered as clinically sig-
nificant anisometropia [57]. Nevertheless due to individual physiologic variability’s,
amblyopia can even be seen with milder degree of anisometropia. The prevalence
of anisometropia in the general pediatric population ranges from 2.3 to 3.4%, based
on literature review [58]. Amblyopia has been reported to occur in approximately
1.6-3.6% of the normal population [51, 58]. The prevalence is even higher in medi-
cally underserved populations with reported rate as high as 22.7% [59]. The popu-
lation-based Multi-ethnic Pediatric Eye Disease Study found that 78% of African
American and Hispanic children had amblyopia which was traced back to be due to
anisometropia [60]. A population-based Baltimore Pediatric Eye Disease Study was
conducted on the White and African-American Children. This study concluded that
32% of cases of amblyopia were attributed to anisometropia [61].

Studies on the prevalence of anisometropia (greater and equal to 1D between
two eyes) reveal that 2.3-3.4% of pediatric population aged 5-11 years is affected
[62, 63]. Drover et al. showed the prevalence of anisometropia to be at 1.4% in the
studied pediatric population (mean age 4.2 years) [64]. Huynh et al. study con-
ducted in Sydney, concluded an anisometropic prevalence of 1.6-2.4% (mean age
6.7 years) [65]. Shih and colleagues conducted a population survey in Taiwan and
found an anisometropic prevalence ranging from 7.2 to 9.3% in older children (age,
7-18 years) [66]. Studies show that anisometropia is an identifiable amblyogenic
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factor in 37% of cases and present concurrently with strabismus in an additional
24% of clinical populations [67].

Apart from refractive errors, a variety of risk factors increase the likelihood
of amblyopia. A study showed that 28.7% of children whose parents had known
strabismus were also found to have strabismus, a known amblyopia risk factor; this
suggests a hereditary risk factor [68]. Low birth weight (<2499 g) and severe mental
handicap are established risk for developing amblyopia [69]. Further risk factors
include capillary hemangiomas of the eyelids, ptosis, blepharophimosis, craniosyn-
ostosis, and hydrocephalus. Socioeconomic factors also increase the risk of develop-
ing amblyopia. Children from underprivileged background, such as homeless kids
and those coming from homes where either parents smoke, have a high prevalence
of amblyopia [70, 71].

Amblyopia is clinically significant because it is one of the main causes of visual
loss in children. Amblyopia is also of central interest because it suggestive of
diminished neuronal activity that occurs when normal visual growth is interrupted.
Amblyopia affords an idyllic template for understanding when and how a plastic
brain may be used for functional recovery. Impaired stereoscopic depth perception
is the most common deficit associated with amblyopia under ordinary binocular
viewing conditions. This impairment may have a substantial impact on visuomotor
tasks and difficulties in playing sports in children. Furthermore, impaired stere-
opsis may also limit career options for amblyopes. Stereopsis is more affected in
strabismic than in anisometropic amblyopia. Recovery of stereoacuity may require
more vigorous treatment protocols in strabismic than in anisometropic amblyopia.
Individuals with strabismic amblyopia have a very low probability of improvement
with monocular training; however, they get on well with dichoptic training (prom-
ising new therapeutic approach to amblyopia, which employs simultaneous and
separate stimulation of both eyes) than with monocular training and much better
with direct stereo-training [72, 73].

Thus, Anisometropia primarily disturbs binocularity thereby causing reduced
stereoacuity. Development of stereoacuity is interrelated to similarity in the refrac-
tive status of the fellow eyes; fine motor skills which require swiftness and precision
of movements are defective in amblyopic children. Therefore, management of
anisometropic amblyopia is more prolonged and complex, especially if it is accom-
panied with strabismus [74]. In distinction to strabismic and deprivational amblyo-
pia, anisometropic amblyopia is more frequently asymptomatic and detected at an
older age; only 15% of affected children are diagnosed before they are 5 years of
age [75].

Studies demonstrate that the most important factors in treatment results are
age and depth of amblyopia that are directly related to the degree of anisometropia
[76]. Therefore, as the child gets older, management becomes more complex and
time consuming particularly in hypermetropic anisometropes in whom a less
encouraging treatment results are seen, in contrast to myopes. It is suggested that
in anisometropic subjects, amblyopia is less severe in children younger than 3 years
of age and improvement in visual and stereoacuity is more probable if treatment
is initiated prior to this age [77, 78]. Based on repeated finding of anisometropia in
CNLDO particularly in unilateral anisometropia it is vital to check refractive status
of children with CNLDO to assess visually significant anisometropia at an early age
to prevent these children from amblyopia and visual morbidity.

4.2 CNLDO, anisometropia, and amblyogenic potential

First Chalmers and later Ellis questioned the relationship between CNLDO and
visual maturation. Chalmers found anisometropia in 3.8%, in eyes with CNLDO; all
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their subjects were hypermetropic in the affected eye [79]. Ellis found no apprecia-
ble increased incidence of amblyopia (1.6%) in a large series of 2249 patients with
NLDO compared with controls. They also found no correlation between refractive
error and NLDO, including no significant increase in the incidence of anisometro-
pia [80].

In our study, the prevalence of anisometropia (greater than 1.5 D) in NLDO
patients of 13.7% is approximately thrice that of the general population [81]. It is
also higher than reported studies on this subject matter [47, 48, 79-81]. Similarly,

a study of around 1200 CNLDO patients found twice the rate of anisometropia

in the unilateral CNLDO patients (7.6%) compared with bilateral NLDO patients
(3.6%) that the rate of anisometropia and amblyopia is greater in NLDO patients.
Anisometropia occurred at a greater rate in unilateral NLDO patients compared
with bilateral NLDO patients and occurred at a greater rate in this CNLDO cohort
than expected in the general pediatric population. Several patients with anisome-
tropia went on to develop clinical amblyopia [47].

Matta et al. reviewed 375 patients with CNLDO and reported that 22% of the
children with CNLDO had amblyopia risk factors [48]. Piotrowski and colleagues
described a high prevalence (9.8%) of anisometropia with or without amblyopia in
an 8-year consecutive case series which included 305 children with CNLDO [49].
Furthermore, Eshraghi and colleagues studied 433 cases with CNLDO that under-
went probing. They reported that 5.5% had anisometropia and 9.46% had amblyo-
pia risk factors. They also found more anisometropia in failed probing cases and
theorized that structural abnormality may have a part to play in the development of
anisometropia [82].

Bagheri et al. evaluated refractive state in children with unilateral CNLDO; they
reported that in children aged 4 years and older, the interocular difference between
spherical error and spherical equivalent was considerable as compared to children
younger than 4 years [83]. Contrary to this, in our study, we found no significant
association between the age (in months) of the patients and the interocular differ-
ence in sphere, cylinder, and SE of affected and non-affected eyes. However, when
we observed the refractive status of children with CNLDO, we found that as the
children age increased the prevalence and severity of refractive error and anisome-
tropia increased. We also observed that difference between the affected and fellow
eyes was significant in terms of spherical refractive error and spherical equivalent
and that hypermetropia was more common in the eye with CNLDO. These findings
illustrate that when unilateral CNLDO becomes chronic, the likelihood and severity
of hypermetropia increases which as detailed, is a risk factor for amblyopia [81, 84].
This finding is clinically significant, as management and prognosis of amblyopia
becomes intricate in older children.

The published literature proposes that the prevalence of anisometropia increases
as the nature of the CNLDO becomes more chronic. Our study on bilateral CNLDO
shows that the interocular difference in the mean spherical equivalent of children
with unilateral CNLDO increases with the age of the patients. This was not the case
in the patients with bilateral CNLDO. Therefore, children with chronic obstruction
are more prone to be amblyogenic [85]. Hence, timely resolution of the problem is
recommended to avoid visual morbidity, i.e., anisometropia and amblyogenicity.

If the anticipated association between CNLDO and anisometropia is refractory
and the persistent epiphora, discharge, and topical medication in the conjunctival
cul-de-sac is being held responsible in hampering the physiological emme-
tropization, then early resolution of CNLDO should retard the development of
anisometropia and thus save the child from developing anisometropic amblyopia.
However, a study found results contrary to this. Recently, Pyi Son studied 244
cases and found that early and spontaneous resolution of CNLDO is more likely
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to have a higher (not lower) rate of anisometropia compared to spontaneous or
surgical resolution [86]. They proposed that the eye with CNLDO proceeds to
emmetropization differently than the unaffected eye. Early resolution can hinder
the process of emmetropization in the affected eye, making it lag behind the
normal eye in achieving emmetropization. These findings negate the fact that
anisometropia in CNLDO is transient and refractory. Further studies need to be
done to determine the timing of resolution of CNLDO and its effect on the devel-
opment, progression, and resolution of anisometropia and if present amblyopia.
In most studies, including the one we conducted, they did not determine whether
anisometropia persisted or not after surgical intervention or in later life. Simon
reported that even after CNLDO has improved, anisometropic hypermetropia is a
regular finding in patients with a history of unilateral CNLDO [87]. Nevertheless,
results of all these studies consistently report high rates of anisometropia which
concomitantly has amblyogenic effect.

Even though studies suggest that correction of the refractive error in aniso-
metropia alone results in enhances quality of vision in anisometropic amblyopia,
it is usually contemplated that most of cases will need added treatment because
refractive error adjustment alone will not be adequate to completely manage the
depth of amblyopia. Therefore, patching or pharmacological treatment is often
prescribed at the same time or soon after the refractive spectacle correction is
given. Concrete evidence, generally from the Pediatric Eye Disease Investigator
Group, has established both number of hours per day of patching (according
to age) and days per week of atropine use as good penalization technique to
improve vision and stereoacuity in amblyopia [88]. The use of glasses alone has
also been recognized as an excellent first-line treatment for both anisometropic
and strabismic amblyopia. IPad-based dichoptic training has shown promising
data for vision rehabilitation in amblyopes. Use of pharmaceutical augmentation
of traditional therapies has also been investigated. Several different drugs with
unique mechanisms of action are thought to improve the receptiveness to amblyo-
pia therapy. However, no data on new treatment options from evidence-based
research has surfaced which proves as being better to conventional therapies in
regular clinical practice. Continued research into the use of new technology and
comprehending the neuronal basis of amblyopia promises alternate or perhaps
improved cures in the near future [89].

Studies mention that emmetropia is achievable in anisometropes with appropri-
ate management [90]. However, the precise cause why studies find high prevalence
of anisometropia in subjects even after CNLDO has resolved is still contentious.
Nevertheless, the results endorse the fact that patients of CNLDO should be
regularly reviewed for refractory status. Furthermore, as shown in our results, in
older subjects, the interocular difference becomes more significant compared to
younger children; this places them at high risk for developing amblyopia. They
are also inclined to poor prognosis in terms of visual recovery. These facts support
the benefit of early intervention in CNLDO. However, further studies with larger
sample size longer follow-up time is required to establish this effect.

5. Conclusion

CNLDO should be observed and treated conservatively till the child is 1 year
old. If CNLDO does not respond to conservative treatment, then they should
be promptly treated with probing and syringing. In cases remission two cycles
of syringing and probing, intubation is a reasonable treatment option. Surgical
procedures should be reserved for complicated cases. Unilateral CNLDO is a
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risk factor for anisometropia particularly hypermetropic anisometropia with
amblyogenic potential. Keeping in view that CNLDO is a common presentation

in pediatric ophthalmology clinics, we recommend that all children with CNLDO
should be regularly followed, even after the obstruction has anatomically and
functionally resolved. These children should undergo cycloplegic refraction on each
visit and should be monitored for the development of amblyopia and other ocular
abnormalities.
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Chapter7
Advances in Vitreoretinal Surgery

Baris Komur

Abstract

Vitreoretinal surgery has been radically changed over the past 10 years by the
development of new techniques, smaller gauge instrumentation, and improvements
in vitrectomy machines. The indications for vitrectomy have expanded dramati-
cally, and inoperable conditions have become amenable to surgical treatment. In
addition to improvements in intraocular instruments, various dyes become avail-
able and enable better visualization and a more complete removal of vitreous and
membranes. In this chapter, we issued latest developments in the surgical field of
retina that enable improved surgical outcomes and less complications.

Keywords: vitrectomy, 23 gauge, 25 gauge, 27 gauge, sutureless, retinal detachment,
epiretinal membrane, macular hole, silicone oil, c3f8, sf6

1. Introduction

The introduction of pars plana vitreous surgery in the early 1970s, by Dr. Robert
Machemer which was a single-port 17 gauge (1.14 mm) system with a cut rate of
less than 400 cuts per minute (cpm), is considered as an important step in surgical
treatment of vitreoretinal diseases [1]. For the first time, patients with dense vitre-
ous hemorrhage could achieve some visual improvement. Vitreoretinal surgery has
changed a lot from that time, firstly by technological improvements in vitrectomy
machines. Three-port vitrectomy, better fluidic controls, faster cut rates, better light
sources, and smaller gauges are made available to vitreoretinal surgeons [2]. Secondly
new techniques and devices like automated fluid-air exchange, endolaser [3], internal
tamponades, and dyes make possible to treat different retinal pathologies with less
complications. The advent of 23 and 25 gauge vitrectomy made sutureless surgery
possible. Improvements in viewing systems and digital image software processing
enable good visualization in difficult situations. These advances have enabled vitreo-
retinal surgeons to more effectively address different serious sight-threatening retinal
conditions, including retinal detachments, epiretinal membranes, macular holes,
vitreous hemorrhages, phacoemulsification complications, and subluxated intraocu-
lar lenses. In this chapter we will discuss latest developments in vitreoretinal surgery
that enables improved surgical outcomes and less complications.

2. Improvements in vitrectomy machines
2.1 New probes

The main vitrectomy probe, during the 1990s and 2000s, is made with spring-
driven pneumatic cutting mechanism up to 2500 cpm [4]. In these systems,
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pneumatic pulses push the cutter to one direction, and the passive recoil of a spring
returns the blade to its original position. The limitation of this design is in higher
cutting rates; the speed of the spring recoil is not enough to return the blade. For
these cutters, when cutting rates approach 2500 cpm, the blade could not fully
return to the initial position that the vitrector port is open, so a higher proportion of
a cutting cycle is spent with the port closed. Duty cycle of vitrectomy cutter refers

to proportion of one cutting cycle in which the vitrectomy port is open. This is
important because active removal of vitreous only occurs only when the port is open.
Current-generation vitrectomy systems can achieve at least 5000-7500 cpm, but
with a traditional spring-driven pneumatic cutter, vitreous removal efficiency may
not necessarily proportionally increase with higher cut rates. There are currently two
strategies to improve this limitation. A dual-pneumatic-driven cutting mechanism
uses separate air lines to control opening and closing of the cutter. In this system,
duty cycle is not dependent on the passive recoil of springs and also can be set indi-
vidually. The other strategy is using a two-dimensional cutter (TDC) approach in
which a double-sided blade cuts in both the forward and reverse directions to achieve
an effective cut rate of 16,000 cpm with higher duty cycle [5]. The high duty cycle is
achieved because the port is nearly always open as the blade moves back and forth. In
dual-pneumatic systems, however, duty cycle can be controlled independent of the
cut rate. Studies comparing 7500 cpm dual-pneumatic and 16,000 cpm TDC cutters
against their traditional counterparts (5000 cpm spring-driven probes) have dem-
onstrated the new technology to significantly decrease the core vitrectomy time with
TDC cutters reducing surgery time by 34-50% [6, 7]. Recently, a new mechanism
using ultrasound to liquefy vitreous has been developed. The ultrasound harmonic
vitrector liquefies the vitreous before being aspirated and has been shown to be safe
on cadaveric eyes. These vitrectomy probes have the potential advantage of creating
almost no traction during vitrectomy [8, 9].

2.2 Endoillumination and chandelier systems

Endoillumination utilizes an optic fiber inserted into the vitreous cavity through
one of the vitrectomy ports. The first generation of endoilluminators utilized halo-
gen, mercury vapor, and metal halide light bulb [10]. However, halogen illumina-
tors required more power as 50% of the luminance was lost [11]. Present vitrectomy
platforms utilize xenon or light-emitting diode (LED) light sources. Both have sig-
nificant luminance through small-gauge light probes and considerably longer bulb
life. With increased illumination and spectral distribution, concerns about possible
retinal phototoxicity with xenon light sources from wavelengths below 450 nm have
been raised. For this reason, most manufacturers have incorporated low-wavelength
filters to block the blue and ultraviolet light most toxic to the retina [11]. LED light
sources appear to be less phototoxic in animal models at the same intensity [12].

Chandelier lighting system is a stationary, wide-angle endoillumination devel-
oped for retinal surgery. It allows the surgeon to use the second hand for bimanual
surgical manipulations. Chandelier lighting systems can be placed as single or
double fibers and are available in 23, 25, 27, and even 29 gauge sizes. Apart from
being used in complicated tractional retinal detachments, chandeliers have been
used for primary scleral buckles for better identification of retinal breaks with
wide-angle viewing systems [13]. Chandelier-guided scleral buckling is an effective
alternative technique to the traditional scleral buckling. Another use of chandelier
illumination system is utilizing retroillumination to enhance the poor red reflex that
is typical in cases of combined cataract surgery and vitrectomy for vitreous hemor-
rhage [14]. Details of chandelier lighting system uses in surgery are discussed in
“Surgical techniques” of this chapter.
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3. Smaller gauges and cannulas
3.1 Smaller incision sizes

In the past two decades, following similar trends of smaller instrumentation in
phacoemulsification surgery in the anterior segment, the evolution of vitrectomy
surgical techniques that had an exciting advance with vitrectomy scleral incision
size has gradually decreased from 20 gauge to 23 gauge and eventually to 25 gauge
and 27 gauge through transconjunctival incisions [15].

The smaller gauges have some disadvantages at first. Instrumentation was
originally so impractical that many experienced surgeons encounter a learning
curve transition from 20 gauge to smaller gauge. Like every new innovation,
restrictions in instrumentation and refinement of surgical techniques are needed.
Some early difficulties were instruments were too flexible, small-gauge endoil-
luminations were weak, and speed of vitreous removal was slow. Improvements in
trocar insertion techniques, vitrectomy machine fluidics, stiffer surgical instru-
ments, and valved cannula systems have largely eliminated these issues. Wide
range of different stiffer vitreoretinal microsurgical instruments has now been
designed for 23 gauge and 25 gauge vitrectomy systems. These include vitreous
cutters, trocars, illumination probes, intraocular forceps, micro vitreoretinal
blades, tissue manipulators, aspirating picks, aspirators, soft-tip cannulas, curved
scissors, extendable curved picks, extendable curved intraocular laser probes, and
diathermy probes [16, 17].

Recent introduction of the 25 gauge and 27 gauge vitrectomy systems has some
benefits in terms of surgical technique. The cutting port of these probes is closer to
the distal end of the tip which gives access to tighter tissue planes during an epireti-
nal membrane dissection like in diabetic tractional membranes. This manipula-
tion is better than bimanual approach because no instrument change is needed.
Combined with the improvements in surgical techniques and better visualization
with wide-angle systems, the vitrectomy probe may be used as forceps, scissor, and
delamination spatula when necessary without exit from the eye. When a bimanual
approach is necessary, chandeliers usually provide an optimal amount of light
even the smaller gauges. In these situations, forceps can delaminate any membrane
without the need of scissors.

At present, the smallest sclera incision available is 27 gauge. One factor that may
lead to a learning curve for 27 gauge is the relative lack of rigidity in the instruments
compared to 25 gauge, particularly the intraocular microforceps. Although the main
goal of 27 gauge vitrectomy is to create less traumatic wounds, intraoperative surgi-
cal times and complications will likely be reduced with this new technology.

3.2 Valved cannulas

Valved cannula systems permit closed system fluidics by limiting exit of fluid
which brings various advantages. Maybe the most critical advantage is the exact
intraocular pressure (IOP) control that can be kept up consistently during manipu-
lations in trocars, particularly with new IOP stabilization capabilities of current
vitrectomy machines.

With reduced flow and turbulence, valved cannulas offer a potential for
decreased vitreous incarceration and fewer intraoperative iatrogenic retinal tears,
which has been shown in postmortem rabbit eyes [18].

Valved cannulas have few disadvantages also. First it is more difficult to insert
soft-tip instruments trough the trocar. Instruments with shorter and more rigid
soft extensions and retractable soft tips are useful for insertion. Secondly extra
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care must be practiced while injecting extra fluid into system with valved trocars.
In particular, injection of perfluorocarbon (PFC) liquid, silicone oil, or gas may
require one of the trocars to be open, either by a backflush or another instrument to
open the valve, by putting a “chimney” vent or by expelling the valve. A dual-bore
injection cannula might be useful to permit departure of liquid trough the other
bore during injection. In addition, perfusion at the optic nerve must be persistently
observed to prevent excessive IOP rise, during every stage of the surgery.

4. Wide-angle viewing systems

Wide-angle viewing systems (WAVs) are useful fundus observation devices for
vitreous surgery, which have been continually developed from the late 1980s based
on the indirect ophthalmoscopic principles [19, 20].

Visualization during vitreoretinal surgery is the most important part of the
surgery particularly while working on complicated cases. Current WAVs comprise
of an indirect ophthalmoscopic lens system for panoramic fundus view. In contact
type of WAV, the lens is put on the cornea as a contact lens. In noncontact type of
WAV, the lens is placed above the cornea. There is also a prismatic reinverter in the
system, which is mounted on microscope or the lens system itself for inverting the
fundus view. Contact type of WAVs has a predetermined field angle of view which
is dependent on the magnification power of the lens, while noncontact type of WAV
angle of view can be adjusted by changing the distance between the lens and cornea.
The surgeon can increase magnification of fundus view with two types of WAVs
by using zooming function of microscope. The image quality is hypothetically
prevalent with the contact type of WAV because of the fact that the aberration and
reflection from the cornea can be compensated by putting the contact lens directly
on the corneal surface without an interphase [21]. Then again, contact type of WAV
frequently needs an accomplished assistant to hold the lens during the surgery.

The WAVs enhance the safety and proficiency of the vitreoretinal surgeries by
providing a panoramic view of the retina [21]. Vitreoretinal surgeon can undoubt-
edly assess the fundus status and the area of retinal pathologies through the pan-
oramic view and evaluating peripheral retina without requiring extreme rotation of
the glob as was generally needed when using prismatic lenses [22]. While working
in one membrane, visualization of remote traction with possible advancement of
retinal tears or hemorrhage is very important in complex surgeries. Complicated sur-
geries like dissection of anterior proliferative vitreoretinopathy, air-fluid exchanges,
and silicone oil injection both an air-silicone oil exchange and direct PFC-silicone oil
exchange can be performed with same system without changing settings.

The WAVs developed in recent years additionally encouraged the utilization of
microincisional approaches for plana vitrectomy. Utilizing WAV, the full-degree
dissection of the vitreous base, where remaining vitreous frequently causes failure,
can be performed with precise control. The modern WAVs improve the vitreoretinal
surgeons’ manipulative capacities by giving not just a wide-field perspective of the
fundus yet additionally provides good-quality video recording of difficult maneu-
vers. Sharing these videos in meetings or online platforms with other surgeons helps
adding to safety and facilitating the technical troubles.

5. Tamponading agents

Tamponade by medical definition is the utilization of a tampon, which itself is
characterized as a plug or tent embedded firmly into a wound to arrest hemorrhage.
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With regard to vitreoretinal surgery, tamponade agents are utilized to give surface
tension over retinal breaks, which counteracts further liquid stream into the
subretinal space until the retinopexy (photocoagulation or cryopexy) gives a lasting
chorioretinal attachment. Gases and silicone oils are the most commonly used
classes of tamponade agents. Silicone oil was initially used without vitrectomy more
as an instrument rather than tamponading agent [23].

In addition to the availability of different viscosities of silicone oil (1000 and
5000 centistokes), heavy silicone oil (Densiron) is also available that sinks in water
and hence can be used to tamponade inferior retina [24].

PFC liquids are an important contribution made by Stanley Chang to vitreo-
retinal surgery [25]. These heavier-than-water liquids are used intraoperatively to
facilitate various procedures like inverting the flap of giant retinal tear, performing
relaxing retinectomies, displacement of subretinal fluid and blood, floating dislo-
cated intraocular lens, and stabilizing posterior pole for peripheral dissection. PFC
liquids are mostly used as intraoperative agents and also sometimes used for long
term in spite of its toxicity to retina. Silicone oil is still the best long-term tam-
ponading agent available although the search is going on for a better substitute.

Partially fluorinated alkanes combined with silicone oil and two-staged surger-
ies that involve removing PFC liquid as a second surgery are discussed in “Surgical
techniques” section of this chapter.

6. Intraoperative technologies
6.1 Intraoperative optical coherence tomography

In clinical setting, the noncontact method of cross-sectional imaging of the
retina with optical coherence tomography (OCT) became an integral part of evalua-
tion, management, and monitoring of wide range of retinal pathologies since the
2000s. [26]. Development of spectral-domain OCT (SD-OCT) provided improve-
ment in resolution and speed of acquisition, which allowed for more detailed
visualization [27]. In addition to its role in clinical management, OCT imaging plays
an important role in preoperative surgical planning and postoperative evaluation,
especially with epiretinal membranes, macular holes, and rhegmatogenous and
tractional retinal detachments. Requirement of upright patient positioning and
patient cooperation with the conventional tabletop OCT unit precluded its use in
supine patients in the operation room. In 2007 a portable and handheld SD-OCT
scanner was developed, which allowed imaging of supine patients. It is mainly used
for exams under anesthesia for pediatric patients with various conditions, such as
retinopathy of prematurity, albinism, and shaken baby syndrome [28-30].

Development of microscope-mounted OCT devices led to a decrease in image
capture time and improvement of reproducibility [31-33]. Although this allowed
an easier alignment of the system, but real-time visualization of the tissue and
tissue-instrument interactions were not possible until the development of micro-
scope-integrated intraoperative OCT (MiOCT) devices [34, 35]. MiOCT systems
incorporate the OCT optical path into the common optical pathway of the surgi-
cal microscope, allowing improved targeting and tracking of the scan beam and
achieving parfocal and coaxial OCT imaging with the surgical view.

The first publication of MiOCT use in vitreoretinal surgery was in 2010, describ-
ing a custom prototype system with a research OCT integrated with a commercially
available operating microscope [36]. Several prototypes were developed to be
used in clinical vitreoretinal surgery, and some have become commercially avail-
able [37, 38]. Currently, three systems are approved by the US Food and Drug
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Administration for vitreoretinal surgery in clinical setting (viz., Leica EnFocus,
Haag-Streit iOCT, Zeiss RESCAN 700).

Better understanding of the vitreoretinal interface disease and intraoperative
changes occurred with different surgical techniques, and tissue manipulation
can influence surgical decision-making and possibly lead to improved surgical
outcomes. Significant advances in software and hardware of MiOCT systems
led to examination of their use for different conditions. In vitreomacular trac-
tion repair procedures, MiOCT provides real-time assessment of the strength of
vitreomacular adhesions and allows visualization of unroofed cysts, subclinical
full-thickness macular hole development, and incomplete peeling of membranes.
Intraoperative identification of these subclinical changes may alter the immediate
surgical approach, such as prompting the use of gas tamponade and potentially
preventing the need for reoperation [39]. In retinal detachment surgery, MiOCT
aids in detection of residual subretinal fluid, small retinal breaks, and proliferative
vitreoretinopathy membranes and can assist in completion of fluid-air exchange. In
tractional retinal detachment surgeries, real-time visualization of the planes may
also help achieve more precise delamination and segmentation. MiOCT may also
offer benefits to regenerative and gene therapies in the future, improving precision
of delivery of a therapeutic agent in subretinal space.

Further software and hardware changes will be necessary to address the
current MiOCT systems limitations. Known limitations are related to visualiza-
tion of OCT data on external screens versus surgical oculars, difficulties with
imaging peripheral retina, and light scattering and shadowing from surgical
instruments. In systems with inocular heads-up display systems, the size of
OCT images and the visual field are limited by the size of the surgical oculars.
The use of an external monitor for viewing OCT images provides a larger image,
but it requires the surgeon to look away from the surgical field. Additionally,
MiOCT systems can cause deterioration of image while evaluating peripheral
retina, limiting its use in evaluating peripheral regions. Surgical instruments
may lead to light scattering and shadowing, limiting to some degree the real-
time visualization of retina manipulation. The amount of shadowing varies
depending on instrument material, configuration, thickness, and relative
orientation to the optical axis of the OCT [40]. Development of instruments
that minimize scatter and shadowing may allow for more precise tissue manipu-
lation. The use of semitransparent rigid plastic material instruments may allow
decreased light scatter and improved visibility of adjacent tissue as well as the
tissue immediately underlying the instruments [41]. Furthermore, develop-
ment of new software algorithms may assist in software-based processing of the
image to minimize shadowing as well as focusing the OCT image to the area of
interest.

6.2 Heads-up surgery

Recent developments in three-dimensional (3D) heads-up vitreoretinal surgery
viewing are also gaining popularity. New digitally assisted vitreoretinal surgery
systems allow surgeons to maintain a heads-up position instead of having to look
down through the microscope oculars. 3D high-dynamic-range cameras mounted in
place of the microscope oculars, which are connected to a central processing unit,
finally project live feed onto screen.

Reported advantages of this system include high magnification; improved ergo-
nomics for the surgeon; a decrease in required endoillumination through enhanced
digital signal processing; improved depth of field; ability to overlay diagnostic
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studies, including intraoperative OCT data; and enhanced teaching and observation
capabilities [42, 43].

Improved ergonomics is the most important advantage of this system. Without
the need to lean forward and look into microscope oculars, the surgeon can sit
back in the chair and use the backrest for back support. This setup can reduce back
and neck strains, especially for long surgeries in complicated cases. Image quality
depends on specific conditions, such as distance of the display from the surgeon,
angle of the display relative to the surgeon, and minimization of glare. The monitor
positioning must be as straight as possible to achieve optimal image quality. Because
an assistant sits perpendicular to the patient’s head, there is a need for a head turn
toward the screen, which may require more time for the assistant to adapt.

With the surgery displayed on the screen, anyone in the room wearing 3D glasses
is able to see the details of surgery. This provides an important educational benefit,
allowing trainees to observe exactly what the surgeon is doing.

One of the important benefits of digital image processing is being able to
use lower endoillumination levels by increasing the camera aperture settings,
potentially decreasing phototoxicity, especially for macular cases. Another benefit
includes real-time image processing and color manipulation, which can allow better
visualization of the vitreous and decreased glare. The increase in depth of field and
wider field of view also helps in complex cases, such as proliferative vitreoretinopa-
thy involved in complex retinal detachment, intraocular foreign body, and scleral-
fixated intraocular lens cases. Further developments in real-time digital signal
processing area also could enhance this technology more.

In summary, new developments in MiOCT systems offer immediate imageguid-
ance for vitreoretinal surgeons; they may improve our understanding of effects
of surgical manipulation on tissues and possibly allow us to explain and predict
variations in postoperative visual outcomes. Heads-up digitally assisted surgical
viewing systems change the ergonomics as well as enhance the viewing and teach-
ing capabilities in the operating rooms.

7.Dyes

For vitreoretinal surgery, vital dyes enable easier identification of the semitrans-
parent preretinal membranes. Current recommendations for the application of dyes
during vitreoretinal surgery indicate that indocyanine green, infracyanine green,
brilliant blue, and bromophenol blue may be the best stains for the internal limiting
membrane (ILM), while trypan blue may be preferred for staining the glial tissues
like epiretinal membrane [44].

In regard to the toxicity issues in chromovitrectomy, a large number of experi-
mental and clinical investigations in this challenging field with vital dyes have
yielded some controversial results, but preliminary conclusions may be drawn at
this time. Indocyanine green has been proven to be toxic to the retina, and brilliant
blue showed a better safety profile and could protect against apoptosis, at least in vitro
(44, 45].

Each vital dye injected intravitreally poses a rather dose-dependent toxicity to
the retinal tissue. Furthermore, there is solid proof that light exposure, osmolar-
ity, and existence of ions, for example, Na + and iodine, may apply further harm
to the retina. Along these lines, general proposals for all vital dyes incorporate
injection of a very low amount onto the retina, staying away from long macular
exposure to endoillumination and expulsion of sodium and iodine from dye
solutions.
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8. Endoscopic vitrectomy

Endoscopic vitrectomy provides direct visualization of the posterior segment
with a directional camera, allowing surgeons to bypass compromised anterior seg-
ments, opacified corneas, and media opacities. Additionally, the ability to direct the
visualization from the pars plana allows surgeons a method to visualize the anterior
retina, ciliary body, and posterior iris surface in their natural anatomic configura-
tion. New techniques are continually being described that demonstrate how endo-
scopic vitrectomy is beneficial to the retinal surgeon. The most obvious advantage
of endoscopic vitrectomy is the ability to provide excellent visualization in eyes
with the opacified cornea and lens. It may also allow extreme peripheral panretinal
photocoagulation in the patients with peripheral ischemic retinopathies. It allows
endoscopic cyclophotocoagulation in patients with glaucoma, either at the time of
cataract surgery or as a stand-alone procedure [46].

There are limitations to utilization of an endoscope, such as limited field of
view, which requires some adjustment given the familiarity with wide-field viewing
systems. Additionally, the view is monocular, so the surgeon must utilize other cues,
such as focus, size, and light intensity, to compensate [47]. The free rotation ability
of the endoscope probe creates difficulty with orientation, making movements
within the eye challenging, especially in the learning period of surgeon. Despite
these limitations, endoscopic vitrectomy is a useful addition to the retinal surgeon’s
armamentarium. The ability to bypass media opacities and to visualize structures
otherwise not visible creates opportunities for unique surgical interventions in
complicated and even inoperable surgical situations.

9. Surgical techniques
9.1 Scleral buckle

There are variable techniques used for vitreoretinal surgeries, and they are all
being continuously refined. Scleral buckle is an example originated in the 1950s but
is still developing. Some modifications are still being reported on scleral buckle;
as mentioned earlier in this chapter, using chandelier lightning and WAV systems,
instead of indirect ophthalmoscopy, becomes the preferred method of choice in
many retina clinics. Chandelier assistance obviates the need for indirect ophthal-
moscopy and capitalizes on the advantages provided by the operating microscope
and modern wide-angle viewing systems such as an improved view of the periph-
eral retina with oblique lighting to perhaps improve identification of peripheral
breaks. Wide-field viewing may also make subretinal fluid needle drainage safer
as it may decrease the risk of losing the view of the needle, which may occur with
indirect ophthalmoscopy. Moreover, chandelier buckling allows trainers to view
same with the surgeon and is better for teaching purposes. In addition, chandelier-
assisted scleral buckling permits standard microscope-facilitated recording of the
important surgical steps of this procedure, which also facilitates dissemination of
scleral buckling techniques. Many authors of the published literature regarding this
technique also mention the improved ergonomics of using the operating micro-
scope to perform examination and treatment of retinal breaks instead of indirect
ophthalmoscopy [13].

Classic scleral buckle surgery normally incorporates a substantial or 360-degree
peritomy. A recent report detailed a method for segmental buckle through a small
conjunctival opening, which was utilized in uncomplicated rhegmatogenous retinal
detachments [48]. This surgical technique incorporates performing 5 to 6 mm radial
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conjunctival cut in close to the retinal break without cutting the limbal conjunctiva
and Tenonss layer, followed by cryopexy and implantation of a small segmental
buckle that was sutured through the conjunctival opening. Cosmetic and functional
results were reported as quick and superb.

9.2 Suprachoroidal buckle

Another imaginative method has been depicted for suprachoroidal buckle
surgery. In this method, a lighted catheter is inserted into the suprachoroidal space
and placed to any desired area over the breaks; there, an enduring hyaluronic acid
filler can be injected to create choroidal indentation. This can be performed with or
without pars plana vitrectomy and has been reported effective for the treatment of
patients with retinal detachment [49, 50].

9.3 Macular surgeries

Inverted internal limiting membrane (ILM) flap technique has been reported to
improve the closure rates of large and persistent macular holes [51]. This technique
has recently been suggested for the treatment of macular retinal detachment due to
macular holes in highly myopic eyes in which macular holes are relatively difficult to
close [52]. Higher rates of macular hole closure and retinal attachment, and addi-
tionally a little yet noteworthy improvement in visual acuity, were accomplished
with this procedure [53]. It has been recommended that the inverted ILM flap
stimulates the multiplication of glial cells that helps in closing the macular hole.

Another interesting new technique has been reported for the treatment of
macular folds. Detachment of macula performed by subretinal injection of balanced
salt solution and minimal amount of filtered air. Under these conditions, the action
of gravity of the PFC liquid and with an active globe rotation has been reported to
achieve successful flattening of the macula [54].

9.4 Pars plana vitrectomy for retinal detachment

Development of improved retinopexy methods which could produce immediate
chorioretinal adhesion of sufficient strength may obviate the need for long-term
tamponade. Recent studies have evaluated the potential of high-frequency electric
welding was able to create an immediate retinopexy equal in strength to mature
laser retinopexy, which takes about 2 weeks to achieve maximum adhesion [55].
Previously reported methods to achieve adhesion include the development of
biocompatible glues, analogous to fibrin [56, 57]. The elimination of long-term gas
tamponade and elimination of the need for patient positioning may be the next
major advance in retinal detachment surgery.

An interesting technique has been suggested to prevent passage of PFC liquid
into the subretinal space. After performing vitrectomy, viscoelastic material was
injected over areas where confluent retinal folds were formed with possible retinal
breaks. This protective layer still prevents PFC liquid from entering the subretinal
space [58].

Pneumatic retinopexy is also an option for retinal detachments caused by
within one-clock hour of the retinal arc in the upper two-thirds of the retina and
sufficiently clears media to rule out the presence of other retinal breaks. In cases
when cryopexy is not performed, it may be difficult to visualize and localize the
retinal breaks after the intravitreal gas injection. A recent report of preoperative
laser marking of the ora serrata at the meridians of the break made it easy to find
after pneumatic retinopexy has been performed [59]. The gas used for pneumatic
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retinopexy is usually C3F8 or SF6 at 100% expansile concentration, which allows
for injection of a relatively small volume of gas that later expands and can cover a
greater area of the retinal surface [60]. The advantage of using air is its faster rate
of elimination, which allows the patients to regain good visual acuity sooner (5 days
versus 2-4 weeks with the gases).

A recent study reported on proliferative vitreoretinopathy retinal detachment
cases, intravitreal conbercept administrated a week prior to surgery. Administration
of conbercept, a recombinant fusion protein with antivascular endothelial growth
factor (VEGF) activity, was found to reduce the rate of intraoperative bleeding,
which can facilitate the management of these difficult cases.

Partially fluorinated alkanes that were introduced as long-term heavy tampon-
ades, which are heavier than water, may be of benefit especially in the treatment
of inferior retinal detachment cases. One of these is F6H8, which is not routinely
used due to its early dispersion and emulsification with consequent inflammatory
response. A study investigated its use in combination with silicone oil, in a series
of eyes with inferior retinal detachment, where F6H8 was used to flatten the retina
and was later partially mixed with silicone oil for long-term tamponade. This
combination resulted in a clear tamponade allowing postoperative visualization of
the retina, with no emulsification, inflammation, or other complications [61].

Another option is planning a stage two procedure; after the initial vitrectomy
was performed, PFC liquid is infused overlying the optic nerve head until a com-
plete fill of the vitreous cavity was achieved. Patients were instructed to avoid
facedown positioning. The staged second procedure was performed 16 to 21 days
after all laser scars were noted to be pigmented, with a silicone soft-tip extrusion
cannula to remove PFC liquid. Repeated fluid-air/air-fluid exchange was used to
remove all PFC from the vitreous cavity. When present anterior chamber PFC also
has to be removed [62].

10. Conclusion

The new developments in surgical instruments, machines, trocars, viewing
systems, and surgical techniques played significant role in decreasing complica-
tions and improving outcomes of modern vitreoretinal surgeries. There are still
some problems to solve in modern vitreoretinal surgeries, like finding a better
tamponade that does not have necessity to remove from the eye yet also stabilize
the retinal breaks better with good visual recovery from the first postoperative day.
Also better drugs needed to be discovered to prevent proliferative vitreoretinopathy
and hypotony. In addition there are new achievements in stem cell therapies and
artificial retinal implants. The progress in vitreoretinal surgery area is ongoing
faster than ever before. In the near future, surgery will be an option for a variety of
different vitreoretinal pathologies, including cases we classify as inoperable today.
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