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Abstract: Presbyopia, a loss of accommodative ability associated with aging, is a significant
cause of vision impairment globally. At the clinical level, it is a frustrating and difficult issue
that negatively impacts patients’ quality of life. Less appreciated is the fact that loss of
accommodative ability and its current treatments methods may present safety concerns, for
example, increasing the risk of falls. Therefore, a more complete understanding of treatment
options with respect to how they relate to the natural ability of the eye is needed to improve
decision making and to aid clinicians in individualizing treatment options. This article reviews
the options for expanding functional through focus—a term coined to describe the ability of the
eye to see at all distances with minimal latency—by how they vary the refractive power over
time, across the visual field, between eyes, or across a range of distances.
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Introduction

The loss of accommodation, a natural part of the lenticular aging process and the
first stage of Dysfunctional Lens Syndrome,' is a significant cause of vision
impairment suggested to affect about one-quarter of the world’s population.”
Globally, there are an estimated 1.8 billion people with presbyopia, including 128
million people in the US alone.” The average age of onset is generally between 40
and 45 years® and varies depending on climate, heritage, and other individual
factors.”’ The burden of uncorrected presbyopia is significant, accounting for near
vision impairment in an estimated 826 million people globally,” resulting in an
estimated $25 billion loss in productivity among individuals younger than 65
years.® With increasing longevity, most people in the western world will spend
almost half of their lives as presbyopes.’ It is a condition that results in loss of

10,11 12 -
%11 and may create safety concerns, - suggesting it

productivity and quality of life,
should be treated as an important medical need rather than as a lifestyle decision.
Accommodation describes the mechanism by which the eye varies refractive
power to focus on objects at different distances to provide the retina a clear, sharp
image.'? Thomas Young is widely credited with confirming that the crystalline lens is
the primary anatomical structure responsible for accommodation' (reviewed in 15)"
and Helmbholtz later described the role of ciliary muscle contraction and relaxation of
the zonules in inducing lens thickening and curvature, which contribute to increased

refractive power.'® Glasser and Kaufman subsequently verified that the movement of
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the accommodative structures was most consistent with the
Helmholtz theory.'” More recently, the interrelationship of
the zonular apparatus’ components has been visually
described in a computer-animated model by Goldberg.'®
By extension, a loss of accommodative amplitude due to
changes in these and other anatomic structures secondary to
aging manifests as presbyopia.'® Taken together, this evi-
dence highlights that presbyopia is a phenomenon resulting
from losing the ability to accommodate,”® and, conse-
quently, that the goal of treating presbyopia is to compen-
sate for this inability. However, to our knowledge, there is
no universally accepted word or term to describe the objec-
tive of accommodation: to see in clear focus at any distance
with low or no latency. In this review, we will use the term
“functional through focus with imperceptible latency” (or
“functional through focus”) to describe this concept.
According to the definition presented here, presbyopia can
thus be thought of as a loss of functional through focus.

There are often tradeoffs associated with manipulating
the optical system, particularly when dealing with the
complexity and dynamic nature of accommodation. For
example, increasing depth of field using multifocal intrao-
cular lenses may result in loss of visual quality and con-
trast sensitivity.”'*> Other approaches can be associated
with more severe unintended effects. For example, multi-
focal spectacles increase the risk of falls in elderly
individuals.®> A fuller understanding of the risks and ben-
efits associated with various treatment approaches, beyond
those that may be treatment related, requires a new way to
think about them. As such, this article proposes a new
system of classifying presbyopia interventions according
to their mechanism of action.

Background and Rationale

Currently, presbyopia treatments are characterized accord-
ing to the device used (ie, glasses and contact lenses) and/
or the procedure performed (ie, corneal refractive surgery
and lenticular refractive surgery). This method-based clas-
sification is logical for historical and clinical purposes,
facilitating at least a basic understanding of efficacy and
safety outcomes related to the method of treatment.
However, it provides little insight into the optical effects
experienced by a given patient and thus little utility for
prospective clinical decision making based on a patient’s
previous experience with presbyopia treatments. On the
other hand, a more meaningful comparison would follow
from classification by mechanism of action for achieving
functional through focus. This would lend itself to a better

understanding of the optical principles leveraged by a
given intervention and the advantages and disadvantages
associated with that mechanism.

Fundamentally, restoring functional through focus
requires a varying of refractive power so that objects at
different distances can be brought into focus with minimal
latency. This can be achieved by leveraging at least one of
four mechanisms that expand functional through focus by
varying the refractive power (1) over time, (2) across the
visual field, (3) between eyes, or (4) across a range of
distances. These mechanisms can be used alone or in com-
bination. The methods used to achieve the given mechanism
of correction may be permanent or impermanent and can be
applied at different extraocular or intraocular locations (eg,
non-contact, on the surface, on the cornea, and intraocu-
larly), which may or may not correspond to the location of
the mechanistic effect (Table 1).

Considering the mechanism of action in the manner we
propose provides a practical framework to understand the
inherent advantages and disadvantages associated with
treatment options, independent of the specific mode of
that

(Table 2). For example, monovision leverages the mechan-

intervention used to implement mechanism
ism of varying the refractive state between eyes. While
there are subtle differences, the fundamental advantages
and disadvantages of monovision are the same whether
achieved via contact lenses, laser vision correction, or
intraocular lenses (IOLs). As a result, a patient who is
intolerant of monovision with contact lenses would likely
not tolerate monovision with IOLs because both interven-
tions share the same fundamental mechanism of action.
Recognizing the underlying mechanism of action would
allow a clinician to use a patient’s previous presbyopia
treatment experience as a factor in clinical decision

making.

Varying Refractive Power Over
Time

In the human visual system, focus is achieved when light
from an object of regard is focused on the fovea
(Figure 1). As the eye regards objects at different dis-
tances, functional through focus describes the ability of
the eye to adjust the refractive power to bring the object
into focus at the given distance. This mechanism is the
only one that can facilitate uncompromised vision at any

given distance.

3734

Dove!

Clinical Ophthalmology 2021:15


https://www.dovepress.com
https://www.dovepress.com

Chang et al

Dove

‘|e0yI1 4 ‘[ed0MINW Yl ‘SUS| JBNdOB.IUI “TJO] ‘SUI| Jawe(|0d 3|qerueidwi “JD| tuone.iaqe Jap.Jo JaySly ‘YOH ‘PUO3sSOIWR) ‘G4 ‘sndoy Jo yadap papuaixd YOI {sud| 19BIU0d 1D Apoq AJEl|Id ‘gD SUOIIeIARIqqY
"asuas an.y Aue ur paidde,, 10U S10jeJaY3 SI PUE WISIUBYISW € S| UOIEPOWWIODDE [BINIEN], SOION

W'V
W'V
W'V

W'V
W'V
W'V

S10I 41/4W/H0d3 #ARae4ig
(121) s101 2pfeyd

ST10I1 4W/40d3 VOH/PARSRRY
SAB|UI [3UIOD DANDEBIDY
Suixapul sARdR.RI JBSET

YISV Aqsa.d

JOI 24n1uade |[ews

Aejul [eaulod auniuade |jewg

jusuewJdad

sonolw [edi3ojodew.eyd

JuauewJadw|

SIADNVLSIA 40 ADNVY V SSOUDV ¥HIMOd FAILOVYAIY FHL ONIAYVA

uolsinouow Q|

(ERIIAN
‘uone|qe d2BLINS “H|SY] ‘D1) UOISIAOUOW PadNpUl UOISIA J3seT]

Jusuewusd

UOISIAOUOL 71D

JuauewJadw|

S3AT NIIML13I9 YIMOd FAILOVYIIY FHL DONIAUVA

S1LD 4W
sajoeads |edoynnyy

JusuewJadw|

aT3aid TVNSIA FHL SSOUDV YIMOd JAILOVY4IY FHL ONIAYVA

70| Sunepowwoddy
syuejdw [eJ3)2S
sus| 03 Jase| g4

UOISIDXd O.DIW JISE| [BJD|DS

JUsUBRW.IR

eW

SUS| SUSJOS 1B [BD1INSDBWLIBYY
uolEINWIISO.129|]

gD SeIBINWINS 1Byl BWIBYY
sasse|3 o|dnnyy
UOIIEPOWIWIODDY [BJMIBN

JusuewJadw|

JWIL H3IAO HIMOd FAILOVYHAIY THL ONIAYVA

Jejndoeajuj

eI3[2§-B3UI0D

adeIng

39ejU0D-UON

poyIop

:aejndoe)xg

(..v,,) uoneoijddy jo uonesoT pue ‘(,u,,) 319943 SeH WSIUBYIS|Y SY2 SISYAA 94T a4 JO BaUY Y| ‘Poyls| Aq paziio3saeoqng eidoAqsa.d SundsaloD) oy SWSIUBYIS| JO MIIAISAQ | d|qeL

3735

https:

Clinical Ophthalmology 2021:15

Dove:


https://www.dovepress.com
https://www.dovepress.com

Chang et al Dove

Table 2 Relative Advantages and Disadvantage of Differing Approaches for Varying Refractive Power to Achieve Functional Through

Focus
Mechanism Advantages Disadvantages
Over time® ® Mimics natural mechanism ® Technically challenging
® Could achieve goal with no inherent side |® Has not been successfully achieved
effects
Across the visual field |® Easy to implement ® Potential visual intolerance/image jump
® Convenient ® Blurred inferior VF
Reversible ® Requires neuroadaptation
® Potential for neck, eye strain
® Trip hazard
Between eyes ® Easy to implement ® |oss of visual quality, depth perception, contrast sensitivity, and stereo
® Convenient acuity
® Reversible ® Potential visual intolerance
® Requires neuroadaptation
® Trip hazard, especially with incomplete suppression of interocular blur
® |nherent limits in binocular summation (may require residual
accommodation)
Across range of ® Most similar to natural accommodation ® Potential loss of quality and contrast
distance ® Extends DOF ® Potential low-light dysphotopsias
® Can require surgical precision

Notes: *Mechanism of natural accommodation.
Abbreviations: DOF, depth of focus; VF, visual field.

Accommodation is the natural mechanism to achieve recreate this mechanism for creating functional
functional through focus with imperceptible latency. through focus. Early in the progression of presbyopia,
Helmbholtz proposed that circumferential ciliary muscle the residual accommodative amplitude can be
contraction releases zonular tension, allowing the lens  enhanced; but in later stages, the only way to recreate
capsule to contract, increasing lens surface curvature, the ability to vary refractive power over time is
thus providing the dioptric power necessary for near visual  through artificial means.
tasks.'® This ability is reduced as the lens stiffens and Spectacles are the simplest method for changing the
becomes dysfunctional with age. refractive state over time. While using different glasses for

far and near visual tasks mechanistically varies the refrac-
Interventions tive power over time, it by necessity entails significant
Presbyopia is the loss of the eye’s ability to vary the perceptible latency. Nonsurgical approaches include an
refractive power.'” Depending on the stage of presby- eye drop that exerts ciliary muscle contraction as one of
opia different approaches can be used to enhance or its mechanism for accentuating accommodation. Another

Lens Lens

. ﬁ Retina /— Retina

Near Point

Far Point time: t
! time: t,

Eye Eye

Figure | Varying the refractive power over time describes the eye’s natural ability to shift focus from far objects (person) at time | (t;) to near (smartphone) at time 2 (ty).
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pharmaceutical option dissolves disulfide bonds, returning
the lens to a more flexible state, thereby allowing for
natural accommodative ability.** Electrostimulation is a
nonpharmaceutical approach for reviving ciliary muscle
contraction.?

Laser options include scleral laser micro-excision, in
which an Er:YAG laser is applied to increase plasticity and
compliance of the scleral tissue to facilitate contraction of
the ciliary muscles, and femtosecond laser manipulation of
the lens to increase its deformability, and thus accommo-
dative ability.?2” Other surgical options include implants
which increase the area between the ciliary muscle and the
sclera to restore accommodation.”®

Accommodating IOLs (AIOLs) are intended to create a
progressive change in power in relation to the active con-
traction of the ciliary body.>*~*® Various design approaches
including hinged, dual optic, bioanalogic polyfocal, and

fluid optic designs have been studied.*! **

Advantages and Disadvantages

By varying the refractive power over time, objects at any
distance can be seen in full focus by the full visual field of
both eyes. Visual distortions, breaks in the visual field, and
monocular disparity are theoretically avoided. For these
reasons, restoration of natural accommodation or creation
of artificial accommodation would conceptually be the
ideal approach to treating presbyopia. Although no drug
or device demonstrating true power change over time has
the US Food and Drug
Administration (FDA), one candidate pharmaceutical is

received approval from

currently undergoing review.

Far Point

The technical challenges of creating a device that
achieves functional through focus through accommodation
are many, specifically automatically sensing the amount of
accommodation needed; optically or mechanically varying
the refractive power accordingly; and stability over time.
All of this would need to be combined in a device with
biocompatible materials implantable through a microinci-
sion at the time of lens extraction.

With no current FDA-approved presbyopia treatment
in this category, it is not possible to assess safety and
efficacy. The sole IOL to receive approval from the FDA
with an accommodating label is the Crystalens IOL
(Bausch & Lomb, Bridgewater, NJ). However, this lens
demonstrates limited objective accommodative response
movement on aberrometry.** Given that a convenient solu-
tion that varies the refractive state over time does not yet
exist, patients have sought a variety of options that are
more convenient, but which are associated with inherent

compromises.

Varying Refractive Power Across
the Visual Field

Broadly speaking, near visual tasks such as reading are
typically performed in the lower visual field, while far
tasks, such as driving and watching television, are per-
formed using the central and upper visual field. Optical
devices have been designed to leverage this tendency by
providing different refractive powers corresponding to the
direction of gaze (Figure 2). In order to be effective, the
device must move independently with respect to the eye’s
direction of gaze.

Lens

—— Retina

Near Point

Eye

Figure 2 Varying the refractive power across the field requires optics that utilize two or more focusing zones. In this example, representing a bifocal correction, objects at
far (person) are focused by an optic powered for far (orange rectangle), and objects at near (smartphone) are focused by an optic powered for near (grey rectangle). The
viewer must either move the optic itself or physically adjust the eye gaze to utilize the appropriate viewing zone.
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Interventions

Multifocal spectacles are the prototypical example of a
presbyopia treatment that varies the refractive power
over the visual field. The invention of bifocal glasses is
widely credited to Benjamin Franklin.*®> Since that time,
there have been various multifocal designs, including but
not limited to flat top, round top, trifocal, and progressive
add lenses. Certain multifocal contact lenses, specifically
those with a segmented design, also leverage this mechan-
ism. Although they may move with the eye, on down gaze,
the lower lid prevents full downward movement of the
lens, thus allowing the visual axis to pass through the
higher-powered portion of the lens.

Notably, although multizone IOLs with nonrotationally
symmetric power distribution may appear to vary refrac-
tive state across the visual field, they in fact leverage
pseudoaccommodative principles due to the fact that they
do not move independently from the eye gaze.*®

Advantages and Disadvantages

Although a popular option, varying the refractive state
across the visual field is associated with several draw-
backs. Multifocal spectacles may require head and body
movements when trying to focus on objects at different
distances, and bifocal and trifocal spectacles may contri-
bute to image jumps and distortions. Progressive add
lenses offer a smoother transition in power, but outside
of a narrow corridor along the lens surface, there is addi-
tional distortion.>” Multifocal spectacles of all types cause
decreased edge-contrast sensitivity and depth perception in
the inferior visual field, making it difficult to judge object
position and movement. This has been shown to signifi-
cantly increase risk of accidents and falls in the elderly.*®
Direct medical costs due to falls attributable to multifocal
spectacles are estimated to be approximately $11 billion
annually in the US.*

Similarly, multifocal contact lenses may result in
visually problematic superimposition of images in settings
of low contrast.>®> Moreover, a number of factors may
impact patients’ ability to successfully wear contact lenses
of any modality,** which undermines their reliability as a
suitable option for long-term management of presbyopia.
As well, multiple viewing zones can reduce image quality
and may result in halos, glares, or reduced nighttime

vision. "™

Varying the Refractive Power

Between Eyes

Natural binocularity provides redundancy in vision over all
ranges with a slight parallax at near ranges, which the brain
uses to facilitate depth perception.** Leveraging the redun-
dancy and breaking binocularity via establishment of differing
refractive powers between the two eyes thus provides a fuller
range of vision.*> Commonly referred to as monovision, vary-
ing the refractive state between eyes requires patients to
employ binocular neural summation to add focused and defo-
cused images in the visual cortex where non-linear summation
or cross-eye neural inhibition is thought to reduce the visibility

of the defocused image (Figure 3).**%

Interventions

Monovision can be achieved using a variety of methods. In
creating induced anisometropia, the refractive power of
one eye (typically the dominant eye) is established for
far vision while the contralateral eye is established for
near. Contact lenses, while typically used to correct static
refractive errors, naturally lend themselves to this mechan-
ism. After determining the power required to establish
emmetropia, a separate strategy is needed to determine
the degree of controlled anisometropia required to treat
the presbyopia. Of note, leveraging this mechanism is
often coupled with some degree of varying the refractive
power across a range of distances (ie, pseudoaccommoda-
tion) with concentric or aspheric multifocal contact lenses
to achieve even greater through focus.

This mechanism can also be utilized through various
surgical approaches. Functionally, corneal and lenticular
refractive surgery have the same visual effect as contact
lenses. In addition to correcting static refractive errors,
LASIK, PRK, and IOLs can be used to vary the refractive
power between eyes, thus improving through focus. As is
the case with multifocal contact lenses, presby LASIK and
certain IOLs leverage some degree of pseudoaccommoda-

tion to increase depth of focus.?**®

Advantages and Disadvantages

Monovision is relatively easy to implement and works for
many individuals**>? but may not be tolerated by some.*’
Success with monovision is dependent on suppression of
interocular blur.>® Incomplete suppression may be a safety
concern, as monocular blur increases the risk of falls.>*>

Furthermore, for most patients, binocular summation is
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Figure 3 Varying the refractive power between eyes, or monovision, ultimately depends on binocular summation within the visual cortex of the brain. Objects at far
(person) are focused by one eye (Eye 1) that is appropriately powered for viewing (indicated by a solid arrow) and a defocused image (indicated by a dashed arrow) is
perceived by the fellow eye (Eye 2). The opposite is true for near objects (smartphone). The resulting image is reorganized via binocular neural summation to add focused

and defocused images in the visual cortex.

limited to a contralateral difference of 1.5 D.*® Higher adds
may result in binocular inhibition. Therefore, successful
implementation of monovision appears to benefit from resi-
dual accommodation, and thus may be insufficient in
advanced and pseudophakic presbyopia.

Monovision is frequently associated with a reduction
of peak acuity, loss of contrast sensitivity, and compromise
in stereo acuity.*>>” It also negatively affects quality of
vision at all ranges and depth perception.”® As a conse-
quence, it may not be suitable for patients in whom bino-
cular vision and depth perception are particularly critical
to their career or lifestyle. There is evidence that monovi-
sion may affect the ability to properly perceive motion,
especially at far distance.”® Additionally, monovision has
been found to impair the ability of elderly patients to
effectively judge raised surfaces, thereby contributing to
falls.’* Indeed, epidemiological studies have shown an
association between decreased monocular visual acuity
and stereoacuity and an increased risk of falls and hip

fractures in the elderly.?*°

Varying the Refractive Power

Across a Range of Distance

Varying the refractive state across a range of distances
refers to the creation of simultaneous focus through far,
intermediate, and near (Figure 4). With this mechanism,
objects at all distances appear in simultaneous focus, and
thus continuity across the field of view and between eyes
is preserved.®! This is commonly referred to as pseudoac-
commodation. Pseudoaccommodation can have different
patterns as characterized by its defocus curve, and it can
be achieved by different techniques and at different
locations.®! Pseudoaccommodation is distinct from pseu-
dophakic accommodation, with the latter referring to the
dynamic change in refractive state due to movement of the
IOL/bag complex.®® As noted above, it can be combined
with other mechanisms, such as monovision.

The defocus curve pattern of pseudoaccommodation
can be broadly defined by the presence or absence of
discrete ranges of sharper focus. Multifocal (bifocal and/
or trifocal) technologies create two or more specific ranges

Clinical Ophthalmology 2021:15
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Far Point

Near Point

Lens

ﬁ Retina

Eye

Figure 4 Varying the refractive power across a range of distances (pseudoaccomodation) achieves simultaneous focus from far (person) to near (smartphone). In this

illustration, an iris pinhole optic provides pseudoaccomodative ability.
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Figure 5 Representative defocus curves associated with various methods for varying the refractive power across a range of distances.

of best focus while extended depth of focus technologies
are characterized by a single broader range with no inflec-
tions in the defocus curve (Figure 5). Clinically, multifocal
defocus curves manifest as objects coming in, out, and
back in focus when brought from far to near, while
extended depth of focus curves manifests as objects
remaining in focus when moving throughout the pseudoac-

commodative range.

Interventions

Multiple methods can be used to achieve pseudoaccom-
modation. They can be categorized by the optical principle
leveraged to increase the depth of field: small aperture,
refractive, and diffractive optics (Figure 6).

The small aperture, or pinhole effect, extends the
depth of focus by blocking unfocused, peripheral light
rays and permitting only central light rays to reach the
retina.*®® Various corneal inlays®* and IOLs® have
been designed utilizing small aperture optics, and sev-
eral studies are evaluating pharmaceutical eyedrops,
such as pilocarpine HCL 1.25% (AGN-190584;
Allergan, an AbbVie company; Chicago), that induce a
similar effect.®®®® The latter uses the iris to create the
pinhole effect, which has the advantage of modulating
the existing aperture as opposed to adding a second
aperture.

Refractive optics utilize various zones to focus incom-
ing light rays from different distances to create a broader
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A Lens
' ﬁ Retina
Eye
B Lens
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Lens
C. ﬁ Retina
Eye

Figure 6 Varying refractive power across a range of distances may be accomplished by one of three mechanisms. Small Aperture/Pinhole Optics (A) function to block
peripheral unfocused light rays, while focused light rays reach the retina. Refractive Optics (B) utilize multiple focusing zones. Diffractive Optics (C) leverage interference

patterns to create zones/ranges of focus from far to near.

range of focus on the retina. Patterns of refractive contact
lens optics include concentric and aspheric designs.® In
presby LASIK, a customized ablation pattern creates a
multifocal cornea,’® whereas with refractive corneal
inlays, the addition of the implant achieves a similar effect.
With refractive multifocal IOLs, the zones of different
power can be in concentric, aspheric, segmental, and com-

bined patterns.®’

Diffractive optics create a phase shift of the incoming
wavefront to create an expanded range of focus so that objects
at different distances appear in focus. At current, available
diffractive optics employ microscopic steps on the lens surface
to create the phase shift necessary to achieve the desired
diffractive pattern.”! Varying the height, spacing, and profile
of the steps, multifocal, trifocal, and extended depth of focus
patterns of increasing through focus have been created.

Clinical Ophthalmology 2021:15
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Finally, laser refractive indexing can theoretically mod-
ify the optics of the cornea or an existing implant both
through refractive and diffractive means to create multi-
focality by selectively modifying the refractive index of a

tissue or material.”?

Advantages and Disadvantages
The specific effects of pseudoaccommodation depend on
the method used to expand the visual range. When appro-
priately applied, small aperture optics can improve visual
acuity at near and intermediate distances without nega-
tively impacting far vision, reducing binocular contrast
sensitivity, or increasing dysphotopsias.®* However, when
the aperture is too small, or when a second aperture is
introduced, and possibly misaligned, visual quality can be
degraded and peripheral vision can be compromised.®®
Application of pseudoaccommodation via refractive
and diffractive multifocal optics is successful in many
patients, providing functional vision at far, intermediate,
and near.”” The two primary disadvantages of pseudoac-
commodative optics are potential compromise in visual
quality and incidence of bothersome low light dysphotop-
sias. These potential side effects are inherent to this
method of expanding through focus. Therefore, attention
to reduction of monochromatic and chromatic aberrations,
as well as lens profile and chromophore considerations, is
essential to have a successful product.

Conclusion
Understanding presbyopia treatments according to their
mechanism of action confers several benefits. From a
broad perspective, such a classification system permits a
fuller understanding of how closely the given intervention
or treatment replicates the physiologic processes that pro-
vide the human eye the ability to see in clear focus at any
distance with low or no latency. For the clinician, an
understanding of mechanisms facilitates clinical decision-
making. When offering a treatment option to the patient,
the clinician can use prior experiences as a guide. For
example, patients who exhibit a suboptimal presbyopia
correction with multifocal contact lenses may have diffi-
culties with multifocal IOLs, as the latter utilizes the same
mechanism. Instead, the clinician can consider an alterna-
tive option that leverages one or more of the other
mechanisms noted above.

In some cases, functional through focus can be
achieved with a combination of mechanisms. One example
may be using an extended depth of focus lens in each eye

set at different powers to achieve a mini-monovision
arrangement. In this hypothetical example, the overall
correction leverages two mechanisms: varying refractive
power over a range of distances and between eyes.
Similarly, corneal inlays and presby-LASIK can vary the
refractive power across a range of distances, and when
performed in only one eye, also vary the refractive power
between eyes. Thus, the categories described herein can be
used in combination in certain clinical settings as building
blocks for achieving functional through focus in the cor-
rection of presbyopia.

Historically, the treatment of presbyopia has been com-
bined with refractive correction. However, doing so
requires greater precision than addressing either problem
on its own. Decoupling presbyopia treatment from refrac-
tive correction can lower the barrier to restoring functional
through focus. This consideration will become even more
relevant as newer treatment options become available.

An important limitation to this classification system
should be acknowledged. Specifically, at present, there
are only limited ways to measure the specific pathologic
features contributing to loss of accommodative ability in a
given patient. Moreover, the understanding of the exact
mechanisms of accommodation is unsettled. Although
widely considered the most accurate description of the
physiology
Helmholtz theory'® is disputed by other authors.”* Taken

associated  with accommodation, the
together, these facts underscore that any classification sys-
tem is inherently limited by the extent of the current
knowledge base. However, they also suggest an opportu-
nity: as eye models evolve, and as new means of measur-
ing the various mechanisms associated with loss of
accommodation become available, the existing framework
presented in this article can be updated accordingly.
Fundamentally, we propose this new classification
schema because presbyopia treatment should be thought
of in terms of medical need rather than as a lifestyle
decision. The increasing prevalence of presbyopia® stands
to account for significant financial burden® while nega-
tively impacting patients’ quality of life and daily living.-
1011 A5 well, loss of functional through focus is a safety
concern.'? However, what may be under appreciated is
that some treatments also introduce safety concerns,*®
with substantial implications for direct medical costs.*?
Thus, a more meaningful comparison of treatment options
based on an understanding of the optical principles lever-
aged by a given intervention would bring the clinician
closer to understanding the true goal of correcting
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presbyopia: restoring or mimicking the human eye’s nat-
ural ability to achieve functional through-focus with
imperceptible latency.
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