Association of Technical Personnel in Ophthalmology (ATPO)

CE on the Internet Article

This article and accompanying quiz are worth 1 JCAHPO Group A continuing education credit.

CONTINUING EDUCATION CREDITS ARE SUBJECT TO CHANGE. Internet Atrticles are reviewed on a regular basis for content
and amount of time needed to complete the article and quiz. We advise you to print the article and take the quiz within 30 days.
Ample notice is provided when CE credits change - please check the Web site frequently for any updates and/or changes. We wiill
accept articles for full credit within a 30-day time period when CE credits have changed or when an article has been removed from
the Web site.

MULTIPLE ETIOLOGIES OF BLURRY VISION
Aaron Shukla, PhD, COMT

ABSTRACT

This review paper discusses the role of the human eye in producing optimal images, and describes how
images can be degraded resulting in symptoms of blurry vision.

The role of the human eye is to create a sharp image on the retina by using an appropriate amount of
positive vergence (plus power) supplied by the air-tear-cornea refractive interfaces and the crystalline
lens. The inverted and flipped retinal image is then transmitted for processing to the visual cortex. Factors
that reduce the sharpness of an image created on the retina resulting in symptoms of blurry vision
include: variations in refraction and scattering of light, alterations to retinal architecture, ocular tissues
affected by pathology and disease, inflammation, and trauma.

The human eye can only provide the proper amount of positive vergence when all the individual ocular
tissues that refract light are functioning optimally. Tear film abnormalities and irregular astigmatism can
decrease sharpness of retinal images thus producing blurry vision.

Reduction of image quality can also result from scattering, which depends on the wavelength of light:
longer wavelengths (e.g., red) scatter less, whereas shorter wavelengths (e.g., blue) scatter more.
Corneal disease, dystrophy, or degeneration whether stromal, epithelial, or endothelial, can cause blurry
images because all these conditions scatter light rays.

Blurring of images can result from any disease or condition that alters normal retinal architecture, thus
interfering with normal transformation of light signals into electrical signals. Examples include retinopathy,
traction on the retina, lattice defects in the retina, retinal undulations producing metamorphopsia,
ischemic or scarred retina resulting in a scotoma, and retinal tears and detachments involving the fovea
and extra-foveal regions.

Image quality can be degraded by a variety of pathologies (e.g., trachoma, and viral keratitis) and
diseases (e.g., cataracts, neurological diseases, and glaucoma) because they alter the optimal vergence
and optics of refractive ocular surfaces. Blurry vision generally results when the path of light rays is
markedly changed.

Inflammation represents the third level of defense by the body against tissue compromise and can occur
in many ocular structures thereby causing inflammatory diseases such as dry eyes, keratitis, anterior
uveitis, vitritis and retinitis, and optic neuritis. Inflammatory diseases can deteriorate retinal images and
produce blurry vision.

Injury to ocular tissues can reduce or eliminate their ability to refract light appropriately, thus reducing
image quality and producing blurry vision. Examples of trauma that can produce blurry vision include:
chemical burns, penetrating injury, retinal detachment, blowout fractures, and lid lacerations.
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I. INTRODUCTION: ROLE OF THE HUMAN EYE AND FACTORS THAT REDUCE VISION

This paper reviews the role of the human eye in producing optimal images, and discusses how images
can be degraded resulting in symptoms of blurry vision.

The role of the human eye is to create a sharp image on the retina by using an appropriate amount of
positive vergence (plus power) supplied by the air-tear-cornea refractive interfaces and the crystalline
lens (Table 1). The inverted and flipped retinal image is then transmitted for processing to an area in the
occipital lobe of the brain termed the striate complex, Broadman area 17, or the visual cortex (Cassin,
1995).

I | Table 1: Refractive Power of Ocular Surfaces

= R Tears 1.336
Cornea 1.376
_ Lens 1.386
(I |= Radius of Curvature Anterior K 7.7 mm
Posterior K 6.8 mm
|\-| Anterior Lens 10.0 mm
" ‘ Posterior Lens 6.0 mm
= Refracting Power  Air-Tear +43.6 D
Tear-Ant. K +5.3D
”“ |” Post. K-Ag. -5.8D
Lens w/o acc. +19.1D
Lens w/ acc. +33.0D
] _ )
= Refractive Power  Air- Ant K +48.8 D (Blurry)

L 3
Il | Stein et al., 2000; Thall et al., 2000

Snellen visual acuity (VA) measures central vision and the ability to perceive an image that subtends an
angle of 5 minutes (5’) of arc on the retina. Each line or space of a Snellen optotype is 1/5" this size, or
1'. Based on retinal anatomy, i.e., spatial arrangement of cells in the nerve fiber layer (NFL), the minimal
angle of resolution (MAR), or the greatest resolving power of the eye, is approximately 30" of arc
corresponding to a VA of 20/10. Perceiving an image that subtends an angle of 1’ of arc corresponds to a
VA of 20/20 (Cassin, 1995).

A decrease in VA can be correlated with a decrease in visual function, as shown below (Table 2):

i |
i | Table 2: Loss of Visual Function

20/20 = 100% visual function

= 20/50 = 25% loss of visual function
20/100 = 50% loss of visual function
20/400 = 90% loss of visual function

(Faye, 2000)
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Many factors can reduce the sharpness of an image created on the retina, resulting in symptoms of blurry
vision (Table 3).

Table 3: Factors that Reduce I mage Sharpness

= Refraction variations

= Scattering

HH|-” = Retinal variations

m Pathology and diseases
= Inflammation

= Trauma

II. REDUCTION OF IMAGE QUALITY BY VARIATIONS IN THE REFRACTION OF LIGHT

The human eye can only provide the proper amount of positive vergence (plus power) when all the
individual ocular tissues that refract light (providing +ve vergence) are functioning optimally. Table 4 lists
some of the factors that decrease sharpness of retinal images thus producing blurry vision.

Table 4: Reduction of Image Quality by Variations
in Refraction of Light

= Tear film variations
I = [rregular astigmatism
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Tear Film Variations

Two principal factors that play a role in altering the path of light rays entering the eye and provide +ve
vergence (plus power) are: change of refractive index (R.l.) across an interface and the radius of
curvature of a refracting surface (Fig. 1). Thus, the power of a curved refractive surface is equal to the
difference in R.l. of the media (n,= medium into which light is entering; n; = medium from which light is
coming) and the radius of curvature (in meters) of the refracting surface. An example of +ve vergence
(plus power) is the anterior surface of the cornea, whereas an example of —ve vergence (minus power) is
the posterior surface of the cornea.

As shown in Fig. 1, the air-tear-cornea refractive interfaces provide approximately 43 D (diopters) of net
refractive power, with the crystalline lens providing approximately 19 D, for a total of approximately 62 D
of refracting power of the human eye. This corresponds to a total magnification of approximately 15x
(Stein et al, 2000; Thall et al., 2000).

i | yZ
L [

‘ Power of a curved refracting surface
- = n)
- r

'Iﬂ”} Stein et al., 2000
i

Figure 1: Refractive power of the air-tear-cornea interfaces

I Refractive Index Befractive Power

‘ AL Air - Tear =+436D

— Tear - +53D
Comea Tear - Cornea = +5.

Comea - Aqueous = - 580

Total Comneal Power =+ 43.1D

x Aqu eous

In addition to providing O,, nutrition, and immune responses, a normal tear film is necessary for the
proper optical functioning of the cornea. The mucus layer smoothes epithelial irregularities, the aqueous
layer provides the first major +ve vergence (plus power) at the air-tear interface, and the oil layer prevents
rapid evaporation of the aqueous layer. In a dry eye a proper air-tear interface is absent and thus no +ve
vergence (plus power) is imparted to light rays, thus producing a blurry image.

Even though the cornea has the appropriate R.1. (1.376) and anterior radius of curvature (7.7 mm) to
provide approximately 48.8 D of +ve vergence this convergent light will be

1.376 —1.000
0.0077

scattered by the irregular surface of the corneal epithelium. Thus, as a practical optical matter, a
“tearless” cornea will not be able to produce a single clear image despite providing 48.8 D of +ve
vergence.

Irregular Astigmatism

A cornea with normal optical properties may display regular astigmatism characterized by a normal
retinoscope reflex. Such a cornea can be represented by one optical (power) cross with its axes aligned
at 90 to each other (Fig. 2A). This optical condition can be readily corrected with spherocylinder
spectacle lenses, toric soft contact lenses, or spherical rigid gas permeable contact lenses, all of which
can produce one sharp image.
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Retinoscope Reflex
Normal Scissors

>

Figure 2: Optical (power) crosses depicted for regular (A) and irregular (B) corneal
astigmatism

In contrast, a cornea displays irregular astigmatism and a scissors retinoscope reflex when small areas of
the cornea have their own independent astigmatic axes and powers, all of which vary over a large part of
the cornea (Fig. 2B) (Thall et al., 2000). This optical condition cannot be corrected with spherocylinder
spectacle or soft contact lenses because those optical devices only produce one sharp image which will
be degraded by other blurry images. However, irregular astigmatism can be corrected with spherical rigid
gas-permeable contact lenses, because they eliminate the anterior corneal surface (with irregular
astigmatism) as a refractive surface.

[Il. REDUCTION OF IMAGE QUALITY BY SCATTERING OF LIGHT

Scattering of light depends on the wavelength: longer wavelengths (e.g., red) scatter less, whereas
shorter wavelengths (e.g., blue) scatter more, which explains why the sky is blue (Table 5).
I \

{I | Table 5: Reduction of Image Quality
by Scattering of Light

w “J = Wavelength sensitive
L . Longer = scatter less
M = Shorter = scatter more
l = Thus, the sky is blue!

= Corneal edema/haze
= Glare
m

ll ||

Corneal disease, dystrophy, or degeneration whether stromal, epithelial, or endothelial, can cause blurry
images because all these conditions can scatter light rays (Fig. 3).

The corneal epithelium is prone to disease and injury, but rapidly regenerates. Most of corneal thickness
is due to the stroma which is composed of 200 — 250 evenly spaced collagen lamellae that are oriented at
90 to each other (Stein et al., 2000). This even spacing allows appropriate refraction of light rays. Any
condition (e.g., corneal edema) that disrupts this even spacing will cause scattering of light and
production of blurry images. Corneal conditions that cause blurry images include granular corneal
dystrophy (Fig. 3A), band keratopathy (Fig. 3B), and Herpes simplex keratitis (Fig. 3C).
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Other disease conditions that produce a blurry image by scattering light rays include:

anterior uveitis (iritis) in which cells (leukocytes) and flare (protein) in the anterior chamber
produce glare by scattering light

cataracts in which hardening of the lens (nuclear sclerosis), areas of hydration (cortical), or areas
of epithelial growth (posterior subcapsular) produce glare by scattering light

vitritis in which a hazy vitreous produce glare by scattering light

retinal edema in which collection of serum scatters light

|
m'l

Figure 3: Diseases producing blurry images by scattering light. Corneal defects. (A)
granular corneal dystrophy; (B) band keratopathy; and (C) Herpes simplex
keratitis. (D) cortical cataract (Stein et al., 2000).

IV. REDUCTION OF IMAGE QUALITY BY VARIATIONS IN RETINAL ARCHITECTURE

Blurring of images can result from any disease or condition that changes normal retinal architecture
(Table 6), e.g., retinopathy, traction on the retina, lattice defects in the retina, retinal undulations
producing metamorphopsia, ischemic or scarred retina resulting in a scotoma, and retinal tears and
detachments involving the fovea and extra-foveal regions (Fig. 4).

Table 6: Reduction in Image Quality by Variations
in Retinal Architecture

Retinopathy

Traction

Lattice
Metamorphopsia
Scotoma

Tears & detachments
Vascular events
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Retinopathy

Retinopathy resulting in blurry vision can have many causes. Hypertension can result in marked arteriolar
attenuation and hemorrhages all of which cause blurring of images (Fig. 4A) (Sanders & Graham, 2000).
Age-related macular degeneration (ARMD) is the leading cause of blindness over the age of 50, and is a
progressive disease whose end stage is permanent loss of central vision due to scarring (Hardy &
Crawford, 2000) (Fig. 4B). Diabetic retinopathy can cause blurring of images due to a variety of causes,
e.g., intraretinal serum leakage causing macular edema, retinal hemorrhages, and retinal detachments
(Fig. 4C). Variations in uncontrolled blood glucose can cause 3 to 4 diopters of vergence changes
(myopia or hyperopia) and pronounced blurring of retinal images (Sanders & Graham, 2000).

Normal
capillary

- 5
Exudste

Exudabe] ™
Narmal r

retina - o

Fluid \ —Fluid
.......'.... S0 50 e

Figure 4: Examples of changes in retinal architecture. Hypertensive retinopathy (Stein et
al., 2000); Age-related macular degeneration (Flynn et al., 2000); Mechanism
of microaneurysms produced by diabetic retinopathy (left), and fundus photo
showing microaneurysms (right) (Flynn et al, 2000).

Traction

Traction by the vitreous pulls the neurosensory retina away from the retinal pigment epithelium (RPE).
This is very common in diabetic retinopathy in which the retina is pulled anteriorly (Hardy & Crawford,
2000), thus resulting in blurring of images (Fig. 5 A).

Lattice

Lattice degeneration is a vitreo-retinal abnormality in which the internal limiting membrane is
discontinuous and may be accompanied by liquefied vitreous (Flynn et al., 2000). Lattice degeneration is
commonly seen in myopia, and may be associated with retinal tears and detachments (Hardy & Crawford,
2000).

Metamorphopsia
Metamorphopsia is the perception of distortion in objects that normally should be straight, e.g., poles,

door frames, and buildings. Distortion is most commonly due to choroidal neovascularization with
associated membranes (Fig. 4B) (Hardy & Crawford, 2000).
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Scotoma

An absolute scotoma is a non-seeing area in the visual field that cannot be seen with a larger and brighter
stimulus, and is most commonly produced by tears, detachments, holes, and vascular events in the retina

(Fig. 5).
Retinal Tears and Detachment

Retinal tears are caused by acute vitreous collapse (O’'Malley, 2000) and, since they are generally
located anterior to the equator, may not cause blurry vision (Fig. 5B). Such tears, however, may result in
a rhegmatogenous retinal detachment associated with vitreous hemorrhage (O’Malley, 2000). Retinal
detachment is defined as separation of the neuro-sensory retina from the retinal pigment epithelium,
resulting in loss of vision that is commonly described as a descending or ascending curtain of darkness.
An ascending curtain from the inferior visual field is caused by a detachment of the superior retina (Fig.
5B), and is more serious because the detachment can rapidly progress downward due to gravity and
affect the macula (‘macula-on” retinal detachment). A descending curtain from the superior visual field is
caused by a detachment of the inferior retina, and may not involve the macula (“macula-off” retinal
detachment). A macula hole is a partial or full thickness absence of neuro-sensory retina in the macula
due to which central vision may be blurry (Fig. 5C) (Hardy & Crawford, 2000).

Vascular Events

Vascular events in the retina, e.g., occlusion of arteries and veins, can cause a sudden loss of vision and
constitute an ocular emergency. Central retinal artery occlusion (CRAO) is caused by a blockage in the
artery serving the inner layers of the retina due to which the nerve fiber layer appears ischemic. Since
only one-layer of ganglion cells is present in the fovea, a red reflex from choroidal blood will appear as a
cherry-red spot located in the fovea (Fig. 5D) (Hardy & Crawford, 2000). Common causes resulting in
CRAO include cholesterol (Hollenhorst) plaques and calcific plaques from heart valves. CRAO is an
ocular emergency which can result in irreversible damage to the retina and loss of vision if ischemia
persists for more than 90minutes (Hardy & Crawford, 2000). Immediate therapy can include increasing
blood CO, levels, by breathing into a paper bag, which causes blood vessels to dilate thus moving the
occlusive plaque to more distal vessels. A central retinal vein occlusion (CRVO) can result from a normal
arterial supply accompanied by an occlusion in the central retinal vein due to which the arterial blood is
not able to exit the eye. This results in extensive retinal hemorrhages (Fig. 5E) and a painless loss of
vision.

- c

Figure 5: Changes in retinal architecture producing blurry images. (A) Traction on the
retina by vitreous (BCSC, 2000); (B) Horse-shoe retinal tear (left) and retinal
detachment (right) (Stein et al., 2000); (C) Macular hole (Stein et al., 2000); (D)
Cherry red spot due to a central retinal artery occlusion (Stein et al., 2000); (E)
Hemorrhages due to a central retinal vein occlusion (Stein et al., 2000)
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V. REDUCTION OF IMAGE QUALITY BY PATHOLOGY AND DISEASES

Infectious and noninfectious diseases can degrade the quality of a retinal image thus producing blurry
vision (Table 7).

1
! | Table 7: Reduction in Image Quality by

L | Pathology & Diseases

Trachoma

Keratitis

Cataract

Neurologic diseases
Glaucoma

Trachoma

Trachoma is a chlamydial infection caused by Chlamydia trachomatis and is the leading cause of
preventable blindness in the third word, and the second leading cause of blindness worldwide (Cantor et
al., 2000). An infection results in keratoconjunctivitis which, if not treated, typically results in a
neovascular membrane growing over the conjunctiva, limbus and cornea. This membrane prevents
adequate amount of light from entering the eye in order to create an appropriate retinal image. Trachoma
is easily prevented by practicing proper hygiene, and can be treated by drugs following an infection.

Keratitis

Keratitis is an inflammation of the cornea, but may also include the conjunctiva. In general, when the
cornea is involved the patient will complain of blurry vision, pain (from corneal nerves), and photophobia
(from painful dilation of iris vasculature) (Vaughan et al, 2000). Corneal thickening due to edema or
scarring will degrade the quality of retinal images, thus producing blurry vision. Herpes simplex virus
(HSV) is a frequent cause of infectious keratitis usually involving the labial herpes virus, although the
genital herpes virus can also be transferred to the eye. Typically, if the infection flares it will cause
epithelial keratitis manifested by growth of dendrites with terminal bulbs (Fig. 3C). It is thought that
following a primary infection through mucous membranes the virus travels down the trigeminal nerve and
stays dormant in the nerve ganglion. When activated from a variety of causes, the virus travels to the
corneal epithelium causing acute inflammation and formation of dendrites. Because the virus stays in the
trigeminal ganglion, cross contamination may occur and a patient may present with herpes keratitis
without having a primary infection in the eye. This is termed a “backdoor” infection and patients may have
to be appropriately counseled (Schwab et al., 1996).

Cataract

A cataract is an opacification of the crystalline lens causing light to scatter, thus degrading the quality of
retinal images and producing blurry vision. Nuclear sclerotic cataracts (NSC) form in the center of the lens
by compaction of old layers of the cortex as new layers are added just inside the lens capsule. The
refractive index of the newly-formed nucleus increases from 1.386 (see Table 1) causing an increase in
+ve vergence (plus power) of the total lens, and thus an increase in the total refractive power of the eye.
When looking at distance the patient experiences a myopic shift and blurry vision, since the best image
moves from the retina to the vitreous. The net result is that the patient, although presbyopic, can easily
read at close without any correction (“second” sight). Cortical cataracts (CSC) are wedge-shaped areas of
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hydration that “spoke” inward from the periphery (Fig. 3D) and cause glare and blurry vision. Posterior
sub-capsular cataracts (PSC) are areas of new epithelial tissue that grow just internal to the posterior
capsule and cause intense glare, blurry vision, and a pronounced loss of contrast.

Neurologic Diseases

Neurologic diseases, such as optic nerve diseases, can cause blurry vision by degrading the quality of
light signals that are converted to electrical signals by photoreceptors, but are not adequately transmitted
to the visual cortex because the optic nerve is not functioning optimally. The hallmarks of optic
neuropathy include color vision defects, relative afferent pupillary defect, and changes in the visual field

and optic disc (Table 8).
\
|
Table 8: Optic Nerve Diseases

Clinical Signs

Relative Afferent Pupillary Defect
H| H Color vision abnormalities
||

Visual field changes

Optic disc changes:
— Optic disc swelling
— Optic atrophy (nonspecific causes)
— Optic disc cupping (glaucoma)
Optic disc pallor
— Exudates

= Disc pallor can be correlated with losses in visual
” acuity and visual field, and pupillary abnormalities.

Glaucoma

Glaucoma, the third leading cause of worldwide blindness after cataracts and trachoma, is an ill-defined
disease characterized by optic disc changes with attendant visual field loss, for which intraocular pressure
(IOP) is the main risk factor (Cantor et al., 2000).

Figure 6 depicts the normal trabecular outflow of aqueous from the anterior chamber via the trabecular
meshwork, and Schlemm’s canal. Small amounts of aqueous also exit via uveo-scleral outflow, utilizing
the ciliary body and sclera, and entering episcleral flow.

Glaucoma
Normal Aqueous Outflow

Figure 6: Schematic diagram showing normal aqueous outflow (from Cantor et al., 2000)
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Elevated IOP usually results from a disruption in the normal outflow of aqueous.

In open-angle glaucoma outflow of agueous is compromised despite an open angle, thus indicating that
some mechanism interferes with the normal flow of aqueous into Schlemm’s canal. In angle-closure
glaucoma IOP is suddenly elevated because the pupil blocks access to the trabecular meshwork (Fig. 7).
Acute angle-closure glaucoma (“glaucoma attack”) is an ocular emergency requiring immediate
intervention. Symptoms of a “glaucoma attack” include blurry vision, pain, and photophobia, whereas
signs include a “steamy” cornea due to epithelial edema, mid-dilated pupil, and acute conjunctival
injection. Therapies include immediate reduction of IOP by laser peripheral iridectomy, oral diuretics, and
IOP lowering topical medications (Cantor et al, 2000)

Glaucoma
Compromised aqueous outflow

Aqueous
How ——

Figure 7: Schematic diagram showing compromised aqueous outflow (from Cantor
et al., 2000)

VI. REDUCTION OF IMAGE QUALITY BY INFLAMMATION

Inflammation is a nonspecific response by the body and represents the third level of defense against
tissue compromise, e.g., injury (Marieb, 2000). Inflammation can occur in the eye in many structures
thereby causing a variety of inflammatory diseases (Table 9), such as, dry eyes (dry eye syndrome, or
DES), keratitis, anterior uveitis, vitritis and retinitis, and optic neuritis, all of which can deteriorate retinal

images and produce blurry vision.
M

Table 9: Inflammation

ﬂ = DES
: Keratitis
||| | = Uveitis
Vitritis & Retinitis
Optic neuritis
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Dry Eye Syndrome (DES)

An appropriate air-tear interface is necessary for proper refraction of light rays (see Fig. 1 and Table 4).
An unstable tear film does not refract light rays properly or uniformly and thus a clear image does not
form on the retina. Systemic autoimmune disorders such as rheumatoid arthritis, lupus, and Sjogren’s can
result in severe DES.

Keratitis

Corneal inflammation can result from epithelial or stromal defects. Whenever the cornea is involved the
patient will experience pain (from corneal nerves), photophobia (from painful dilation of iris blood vessels),
and blurry vision (from edema) (Vaughan et al., 2000). Edema can be epithelial or stromal, and in either
case vision will be blurry because the proper spacing of cells and fibers is disrupted causing scattering of
light.

Uveitis

Inflammation in the uveal tract (iris, ciliary body, and choroid), either primary or secondary to keratitis or
systemic diseases, can cause an acute immune response. Anterior uveitis is the most common type of
inflammation that causes pain, photophobia, and blurry vision. If inflammation is limited to the anterior
chamber it is termed “iritis” whereas inflammation involving the anterior chamber and the anterior vitreous
is termed “iridocyclitis” (Vaughan et al., 2000). A common sign of severe iritis is “hypopyon” which is a
layer of leukocytes collecting in the anterior chamber (Fig. 8A) whereas a “hyphema” is a collection of
erythrocytes in the anterior chamber (Fig. 8B).

S
\

",‘
i 0

E“
Figure 8. Examples of inflammation. (A) Hypopyon (Stein et al., 2000); (B) Hyphema
(Stein et al., 2000)

Vitritis and Retinitis

Vitritis is inflammation of the vitreous and, along with a hypopyon, is a common sign of endophthalmitis
(intraocular inflammation) which produces blurry vision (Weinberg et al., 1991). Infectious organisms can
gain access to the eye by the hematogenous route (endogenous endophthalmitis) or from the external
environment (exogenous endophthalmitis). Vitreous haze prevents the formation of optimal images, thus
resulting in symptoms of blurry vision.

Retinitis is inflammation of the retina from numerous causes, e.g., Toxoplasma gondii an intestinal
parasite in cats, Onchocerca volvulus a filarial parasite in sub-Saharan Africa, the fungus Candida
albicans, Toxocara canis a common intestinal parasite in dogs, the fungus Histoplasma capsulatum which



Multiple Etiologies of Blurry Vision 13

results in characteristic “histo” spots in the retina, and viral infections in the retina (Vaughan et al., 2000;
Weinberg et al., 1991). Blurry vision results from edema and/or separation of the photoreceptor layer from
the underlying retinal pigment epithelium (Weinberg et al., 1991).

Optic Neuritis

See discussion under Neurologic Diseases, and Table 8.

VIl. REDUCTION OF IMAGE QUALITY BY TRAUMA

Injury to ocular tissues can reduce or eliminate their ability to refract light appropriately, thus reducing
image quality and producing blurry vision. Examples of trauma that can produce blurry vision include

chemical burns, penetrating injury, retinal detachment, blowout fractures, and improperly healed lid
lacerations (Table 10).

T [
L

| , Table 10: Trauma
IX“I Penetrating Injury

W = Retinal Detachment
’I H = Blowout Fracture
= Lid Laceration

X

Signs of acid and alkali burns include conjunctivitis, superficial punctate keratitis, and epithelial defects of
the conjunctiva and cornea. In more severe cases blanching of limbal blood vessels will be seen, along
with opacification of the cornea (Schwab et al., 1996).

Chemical Burns

Chemical Burns

Acids such as sulfuric, hydrochloric, nitric, and acetic acid can cause eye burns producing redness,
watering, and irritation. Acid burns are self-limiting because the chemical coagulates tissue in front of the
fluid, thus preventing further penetration (Schwab et al., 1996).

Alkalis such as hydroxides of Na, Ca, K, and NH, are widely used in domestic and industrial settings, and
are more serious than acid burns because the alkali penetrates the cornea, and stays in the tissue
producing reactions between its products and the tissue (Fig. 9A). NH, is widely used in home cleaning
and refrigeration products, whereas Ca(OH) is used in construction (Stein et al., 2000).

Penetrating Injury
Penetrating injuries can be recognized by the following characteristics (Stein et al., 2000):

Uveal tissue (black or brown) showing through the sclera (Fig. 9B)
Iris prolapsed through a lacerated cornea

Collapsed anterior chamber

Irregular pupil (Fig. 9C)

Purulent or cloudy material within the eye

agrwNE
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b

Figure 9: Examples of trauma: (A) Alkali burn (Schwab et al., 1996); (B) Traumatic
rupture of globe (Stamper et al., 1987); (C) Penetrating injury with
irregular pupil (Stein et al, 2000)

Retinal Detachment
See Section 4 (Variations in Retinal Architecture)
Blowout Fracture

Orbital fractures can involve the orbit floor only (blowout fracture) or may also include the zygomatic bone
(tripod fracture) (Katowitz et al., 1986). In blowout fractures the inferior rectus and inferior oblique extra-
ocular muscles, which support the globe, can be entrapped thus restricting eye movement in up-gaze in
version testing. As with all restrictions, eye movement does not improve in duction testing (Cassin 1995).
Damage to ocular tissues that refract light will result in a deterioration of images thus producing blurry
vision.

Lid Laceration

Partial thickness (PTLL) or full thickness lid lacerations (FTLL) can potentially lead to serious infection if
left untreated for >6 hours. Involvement of the levator can lead to ptosis, whereas involvement of the
canaliculi can lead to epiphora (Stein et al., 2000; Vaughan et al., 2000). All these conditions will degrade
the quality of images, thus affecting vision. PTLL are repaired as other skin lacerations, but FTLL are
repaired by careful approximation of tissues. Failure to do so can lead to notching and trichiasis (Stein et
al., 2000; Vaughan et al., 2000). Tightening of the notch can introduce with-the-rule astigmatism, whereas
trichiasis affects the cornea. In either case the quality of images will be markedly degraded, thus
producing blurry vision.
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CE on the Internet Quiz

This article and accompanying quiz are worth 1 JCAHPO Group A continuing education credit.
MULTIPLE ETIOLOGIES OF BLURRY VISION

1. The role of the human eye can best be described as ?
a. toform animage on the retina by imparting vergence to incoming light rays
b. to form an image on the retina by imparting positive vergence to incoming light rays
c. toform an image on the retina by imparting negative vergence to incoming light rays
d. to refract incoming light rays

2. Where does the principal refraction in the human eye occur?
a. The tear-anterior cornea interface
b. The posterior cornea-aqueous interface
c. Within the cornea
d. The air-tear interface

3. What is the best way to correct irregular astigmatism?
a. Eliminating the anterior cornea as a refractive surface
b. Eliminating the posterior cornea as a refractive surface
c. Eliminating the tears as a refractive surface
d. Eliminating the lens as a refractive medium

4. What is the best definition of a retinal detachment?
a. The separation of the retina from the vitreous
b. The separation of the sensory retina from the retinal pigment epithelium
c. The separation of the retinal pigment epithelium from the choroid
d. The separation of the retina and the choroid from the sclera

5. A cherry red spot in the fovea is characteristic of a retina that is ischemic because of a central retinal
artery occlusion. Why is the red spot seen?
a. Because the retina is very thin at the fovea
b. Because the retina is very thin all over
c. Because the retina is thick all over
d. Because the ganglion cell layer is present all over the retina

6. What is the leading cause of preventable blindness worldwide?
a. Cataract
b. Glaucoma
c. Diabetic retinopathy
d. Trachoma

7. What is the most acceptable definition of glaucoma?
a. Optic nerve damage causing visual field loss
b. Abnormally high intraocular pressure
c. Abnormally low intraocular pressure
d. Family history of glaucoma

8. What is the most likely comparison of acid and alkali burns to the cornea?
a. Acid burns are self-limiting and alkali burns are also self-limiting
b. Acid burns are not self-limiting whereas alkali burns are self-limiting
c. Acid burns are self-limiting whereas alkali burns are not self-limiting
d. Acid burns are not self-limiting and alkali burns are also not self-limiting

9. A penetrating injury can be characterized by, among other things, one of the following signs.
a. lIrregular pupil
b. Blue sclera
c. Steamy cornea
d. Loss of vision

10. A patient suspected of a blowout fracture will most likely show the following sign in the affected eye.
a. Pain
b. Possible decrease in vision
c. Limited up gaze
d. Blue sclera
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	ABSTRACT
	Reduction of image quality can also result from scattering, which depends on the wavelength of light: longer wavelengths (e.g., red) scatter less, whereas shorter wavelengths (e.g., blue) scatter more. Corneal disease, dystrophy, or degeneration whether stromal, epithelial, or endothelial, can cause blurry images because all these conditions scatter light rays.
	II. REDUCTION OF IMAGE QUALITY BY VARIATIONS IN THE REFRACTION OF LIGHT


	Tear Film Variations
	Two principal factors that play a role in altering the path of light rays entering the eye and provide +ve vergence (plus power) are: change of refractive index (R.I.) across an interface and the radius of curvature of a refracting surface (Fig. 1). Thus, the power of a curved refractive surface is equal to the difference in R.I. of the media (n2= medium into which light is entering; n1 = medium from which light is coming) and the radius of curvature (in meters) of the refracting surface. An example of +ve vergence (plus power) is the anterior surface of the cornea, whereas an example of –ve vergence (minus power) is the posterior surface of the cornea.  
	As shown in Fig. 1, the air-tear-cornea refractive interfaces provide approximately 43 D (diopters) of net refractive power, with the crystalline lens providing approximately 19 D, for a total of approximately 62 D of refracting power of the human eye. This corresponds to a total magnification of approximately 15x (Stein et al, 2000; Thall et al., 2000). 
	In addition to providing O2, nutrition, and immune responses, a normal tear film is necessary for the proper optical functioning of the cornea. The mucus layer smoothes epithelial irregularities, the aqueous layer provides the first major +ve vergence (plus power) at the air-tear interface, and the oil layer prevents rapid evaporation of the aqueous layer. In a dry eye a proper air-tear interface is absent and thus no +ve vergence (plus power) is imparted to light rays, thus producing a blurry image.
	Even though the cornea has the appropriate R.I. (1.376) and anterior radius of curvature (7.7 mm) to provide approximately 48.8 D of +ve vergence this convergent light will be scattered by the irregular surface of the corneal epithelium. Thus, as a practical optical matter, a “tearless” cornea will not be able to produce a single clear image despite providing 48.8 D of +ve vergence.

	Irregular Astigmatism
	Scattering of light depends on the wavelength: longer wavelengths (e.g., red) scatter less, whereas shorter wavelengths (e.g., blue) scatter more, which explains why the sky is blue (Table 5).
	Corneal disease, dystrophy, or degeneration whether stromal, epithelial, or endothelial, can cause blurry images because all these conditions can scatter light rays (Fig. 3).
	Other disease conditions that produce a blurry image by scattering light rays include: 
	 anterior uveitis (iritis) in which cells (leukocytes) and flare (protein) in the anterior chamber produce glare by scattering light 

	Metamorphopsia
	Scotoma
	Vascular Events
	Trachoma
	Cataract
	A cataract is an opacification of the crystalline lens causing light to scatter, thus degrading the quality of retinal images and producing blurry vision. Nuclear sclerotic cataracts (NSC) form in the center of the lens by compaction of old layers of the cortex as new layers are added just inside the lens capsule. The refractive index of the newly-formed nucleus increases from 1.386 (see Table 1) causing an increase in +ve vergence (plus power) of the total lens, and thus an increase in the total refractive power of the eye. When looking at distance the patient experiences a myopic shift and blurry vision, since the best image moves from the retina to the vitreous. The net result is that the patient, although presbyopic, can easily read at close without any correction (“second” sight). Cortical cataracts (CSC) are wedge-shaped areas of hydration that “spoke” inward from the periphery (Fig. 3D) and cause glare and blurry vision. Posterior sub-capsular cataracts (PSC) are areas of new epithelial tissue that grow just internal to the posterior capsule and cause intense glare, blurry vision, and a pronounced loss of contrast.

	Neurologic Diseases
	Glaucoma
	Glaucoma, the third leading cause of worldwide blindness after cataracts and trachoma, is an ill-defined disease characterized by optic disc changes with attendant visual field loss, for which intraocular pressure (IOP) is the main risk factor (Cantor et al., 2000).
	Figure 6 depicts the normal trabecular outflow of aqueous from the anterior chamber via the trabecular meshwork, and Schlemm’s canal. Small amounts of aqueous also exit via uveo-scleral outflow, utilizing the ciliary body and sclera, and entering episcleral flow. 
	In open-angle glaucoma outflow of aqueous is compromised despite an open angle, thus indicating that some mechanism interferes with the normal flow of aqueous into Schlemm’s canal. In angle-closure glaucoma IOP is suddenly elevated because the pupil blocks access to the trabecular meshwork (Fig. 7). Acute angle-closure glaucoma (“glaucoma attack”) is an ocular emergency requiring immediate intervention. Symptoms of a “glaucoma attack” include blurry vision, pain, and photophobia, whereas signs include a “steamy” cornea due to epithelial edema, mid-dilated pupil, and acute conjunctival injection. Therapies include immediate reduction of IOP by laser peripheral iridectomy, oral diuretics, and IOP lowering topical medications (Cantor et al, 2000)
	An appropriate air-tear interface is necessary for proper refraction of light rays (see Fig. 1 and Table 4). An unstable tear film does not refract light rays properly or uniformly and thus a clear image does not form on the retina. Systemic autoimmune disorders such as rheumatoid arthritis, lupus, and Sjogren’s can result in severe DES.  
	Corneal inflammation can result from epithelial or stromal defects. Whenever the cornea is involved the patient will experience pain (from corneal nerves), photophobia (from painful dilation of iris blood vessels), and blurry vision (from edema) (Vaughan et al., 2000). Edema can be epithelial or stromal, and in either case vision will be blurry because the proper spacing of cells and fibers is disrupted causing scattering of light.   

	Uveitis
	Vitritis and Retinitis
	Optic Neuritis
	Chemical Burns
	Penetrating Injury
	Retinal Detachment
	Blowout Fracture
	Lid Laceration
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