Presbyopia

Presbyopia is the irreversible loss of the accommodative ability of the eye that occurs due to aging.
Accommodation refers to the ability of the eye to increase its refractive power of the crystalline lens
in order to focus near objects on the retina.[1] The most significant decrease in accommodative
power occurs in between the ages of 20 and 50. In the first two decades of life accommodative
amplitude has been shown to be relatively stable in the range of 7-10 diopters. By the age of 50,
accommodative amplitude has typically decreased to about 0.50 diopters.[2] This decline occurs as a
natural result of aging and will ultimately affect any person reaching advanced enough age. Despite
its ubiquity, the exact mechanism behind presbyopia remains unknown.[1]

Epidemiology

Presbyopia is primarily an inevitable, age-related condition and accordingly its prevalence in a given
population is related to the percentage of individuals surviving to old age.[1] Worldwide in 2005 over
1.04 billion people were estimated to suffer from presbyopia with around 410 million of them
suffering from near vision loss due to lack of vision correction.[3] 94% of those lacking proper
correction were in developing nations. By the year 2020 the worldwide prevalence is expected to rise
to 1.37 billion.[3] The average age of those first reporting symptoms of presbyopia is between 42 and
44 years of age with a complete loss of accommodation typically occurring between the ages of
50-55 years.[4][5]

Although age is the primary predictive factor in the development of presbyopia, early loss of
accommodative ability can be induced by certain systemic disease, medications, and trauma.[e] It is
also important to note that individuals whose occupations require extensive use of near vision often
notice symptoms earlier than other similarly aged individuals.[1]

Presentation

Gradual onset of blurred near vision is often the first presenting symptom of presbyopia. The severity
of accommodative loss at the time of presentation varies based on the visual needs of the individual.
Those who utilize near vision in daily activities frequently complain of impairment earlier. Other
symptoms commonly experienced include squinting, headaches secondary to eye strain, increased
light requirement, and need to work from progressively greater distances.[1] Diplopia can also result
from presbyopia and is thought to be associated with increasing exophoria and decreased vergence
amplitude seen frequently in presbyopic patients.[1][7]

Pathophysiology
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Figure 1: Positions of accommodative structures during rest and accommodation based on

ultrasound biomicroscopy. © 2011 Goldberg, publisher and licensee Dove Medical Press Ltd [8]

The underlying cause for the loss of accommodation in presbyopia has yet to be fully elucidated and
remains a topic of controversy amongst the medical community. Models for presbyopia can be
generally divided into two categories referred to as lenticular and extra-lenticular theories.[5]
Lenticular theories hold that presbyopia results from age-related changes in the lens, capsule, and
zonular fibers. Implicated changes in this category include sclerosis of the nuclear lens tissue,
decreased distance between ciliary muscle and lens equator, and decreasing elasticity of the lens
capsule. Proposed extra-lenticular causes include ciliary muscle dysfunction, loss of elasticity in the
posterior zonules or choroid, and even decreasing resistance of the vitreous humor against the
accommodating lens capsule.[5][9][10]

Some theories of note include those of:

Helmholtz: The classical theory of accommodation proposed by Helmholtz over 150 years ago
states that the lens under resting tension is held relatively flat when viewing objects at a
distance.[11][12] During accommodation, the ciliary muscle contracts and moves both anteriorly and
inwardly. This decreases tension on zonular fibers and, in turn, causes increased curvature in the
elastic lens resulting in increased focusing power. According to Helmholtz, age-related hardening of
lens tissue results in decreased elasticity and thus, decreased distortion of the lens during
accommodation.[5]10][11]

Coleman: Also known as the catenary theory, Coleman proposed that the zonular fibers function
like the support pylons of a suspension bridge and determine the natural curvature of the lens.[12][13]
That curvature is in turn modified by the opposing pressures in the anterior and posterior chambers.
When the ciliary muscle contracts during accommodation, the curvature steepens, but a pressure
gradient is also created between the two chambers causing increased curvature of the lens centrally
and relative flattening in the periphery.[5][12][13]

Schachar: Schachar proposed an alternative theory of accommodation which suggested that, due
to the presence and insertion points of equatorial zonular fibers, contraction of the ciliary muscle
increases tension on the zonules and lens capsule, causing the characteristic lens shape seen
during accommodation.[14] Since the lens continues to grow equatorially throughout life while scleral
dimensions remain relatively stable after the first two decades, the result is a gradual slackening of
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tension in the zonular fibers. The proposed etiology of presbyopia is therefore attributed to the
increasing inability of the ciliary muscle to create zonular tension adequate to distort the lens.[5][10][14]

Primary prevention

Unavailable

Diagnosis

Corrected near and distance visual acuity testing allows for evaluation of a patients’ refractive error
as well as their functional capacity at near distances. Uncorrected or under-corrected myopes will
typically have less difficulty with near vision while the difficulties will be exacerbated in patients with
uncorrected hyperopia.[1] Refraction will provide a baseline distance correction to which the near
value will be added to provide optical correction for presbyopia. Near lens prescription can be
determined by adding plus power over the distance correction until clear near vision is achieved.[1]
Performing this monocularly will yield a higher value by eliminating variation caused by convergence
accommodation. Near retinoscopy will provide an objective measurement of the required optical
power for clear near vision. Intermediate distance testing may also be warranted for patients with
mid-range visual needs (ie. computers) and advanced presbyopia.[1]

Management

Figure 2: A Crystalens accommodative IOL. © 2013 American Academy of Ophthalmology

The safest and least invasive management of presbyopia consists of corrective glasses lenses either
as a separate set of reading glasses, contact lenses, bifocals, or progressive lenses.[1] There are
however, a growing number of presbyopic patients who desire to remain independent of glasses and
thus, many surgical methods of compensating for near vision deficits in presbyopes have become
available.[15] More commonly this has been attempted by manipulation of passive optical factors
without restoring the ability to actively accommodate. Such methods effectively increase the depth of
field of the eye at the cost of contrast and visual acuity. Examples of these treatments are
monovision, multifocal lenses, and corneal inlays.[16][17] Both monovision and multifocality can be
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accomplished via the surgical implant of specific IOLs or various forms of refractive corneal surgery
(LASIK, PRK, conductive keratoplasty, or intracorneal femtosecond laser).[16] These treatments are
essentially treating the symptoms of presbyopia without addressing the underlying deficit.

Figure 3: A Tecnis multifocal IOL. © 2013 American Academy of Ophthalmology

The accommodative IOL, unlike monovision or multifocal IOLs, attempts to mimic to a degree the
natural accommodative ability of the lens. These multi-part lenses are hinged with the intention being
to allow the optic to move anteriorly with ciliary muscle contraction effectively imitating
accommodation.[15][17] Other surgical techniques currently in the experimental phase include the
anterior sclerotomy, in which radial incisions are made around the anterior sclera, and segmental
scleral expanders, in which physical implants are inserted to expand the sclera.[16] Both of these
procedures are based on Schachar’s theory of presbyopia, the goal being to expand the sclera
overlying the ciliary body, increasing the distance between the ciliary muscle and the lens equator,
with the hope of restoring tension in the zonular fibers.[14](16] Further studies on safety and efficacy of
these procedures are needed before they are deemed appropriate treatment for presbyopia. [8]

Additional Resources

e Boyd K, Pagan-Duran B. Presbyopia. American Academy of Ophthalmology. EyeSmart® Eye
health. https://www.aao.org/eye-health/diseases/presbyopia-lista. Accessed March 22, 2019.
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