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ABSTRACT

Twenty years ago, WHO and IAPB introduced an initiative called ‘The Right to Sight’, which set out to eliminate
avoidable blindness universally by 2020. Age-related cataracts is a major contributor to treatable blindness
worldwide and is increasing in global prevalence due to the growing proportion of individuals over 65 years of
age. Cataracts refers to opacification of the lens inside the eye and clinically presents as a painless blurring and
clouding of vision. From couching operations in 1200 B.C. to modern phacoemulsification, different approaches
have been used to tackle this ancient disease over the centuries. Treatment today mainly involves surgery to re-
place the opaque lens with an artificial intraocular lens. Cutting-edge research into future therapies include in-
vestigating accommodating intraocular lenses, which hope to postoperatively restore accommodation. With the
target year 2020 approaching, it is necessary to initiate discussion on age-related cataracts. This paper will pro-
vide a brief overview of this disease, discuss developments in treatment, and review innovations currently being
pursued in the field.
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INTRODUCTION

Age-related cataracts refers to opacification of the lens
inside the eye. It is a major cause of treatable blind-
ness worldwide, and it is responsible for approximate-
ly 50% of the population’s visual impairment. With an
increasing global aging population, age-related cata-
racts is set to become more prevalent and exert a
greater burden on health care resources.2 In 1999, the
International Agency for the Prevention of Blindness
(IAPB) along with the World Health Organization
(WHO) aimed to eliminate all avoidable blindness in
the world by the year 2020. A large proportion of this
blindness is due to age-related cataracts. They aimed
to achieve this goal by investing in necessary infra-
structure that would contribute to providing effective
and accessible treatment, including greater investment
in the equipment required to conduct treatments.3
However, the proportion of individuals receiving cata-

ract surgery in developing countries remains low.4 Cat-
aracts has been surgically treated using different meth-
ods over the years. With an inequality of access to
treatment and 2020 approaching, it is important to
review the advances that have been made in cataract
surgeries. This review will outline developments in cat-
aract surgery over the centuries and compare the dif-
ferent surgical techniques. This paper benefited from
the review article written by Asbell et al. (2005).5

SYMPTOMS

Age-related cataracts is the most common form of cat-
aracts and usually develops in individuals over the age
of 50.5 Symptoms develop gradually and are character-
ized by a painless blurring of vision and eventually
functional blindness in mature white cataracts, where
an individual may only discern light.5 Symptoms may
also include glare, monocular double vision, and near-
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sightedness.5¢ The type of cataract depends on its lo-
cation in the lens fibres of the eye, which are the main
cell type in the lens. Nuclear cataracts (NC) results
from opacification in the centre of the lens due to
hardening of the inner lens layers. Cortical cataracts
involves newer lens fibres, and spoke-like opacities
can form in the outer layers. Finally, posterior subcap-
sular cataracts (PSC) are grain-like opacities that form
in the back of the lens.5This cataract type causes the
greatest reduction in visual acuity.”

PATHOPHYSIOLOGY

Cataracts refers to opacification of the lens within the
eye. The lens is responsible for bending light to focus
on near and far objects, accordingly. This function is
facilitated by the lens structure. It is layered, with cells
composed of a few organelles to keep it transparent
and many proteins that are precisely arranged to bend
light. These characteristics contribute to the formation
of cataracts, where the lack of organelles prevents pro-
tein turnover and the layered structure results in the
accumulation of older cells. Over the lifetime of an in-
dividual, exposure to reactive oxygen species (e.g.
from diet or UV radiation) contributes to cellular and
protein damage.® The lens cells have antioxidant de-
fence mechanisms that can target these oxidative spe-
cies. Specifically, superoxide dismutase, catalase, and
glutathione peroxidase are enzymes that can neutral-
ize molecules with the potential to form these harmful
species.9 When this damage overwhelms the lens’ pro-
tective antioxidant defence mechanisms, proteins ag-
gregate and form opacities in the lens.1°

Both environmental factors and genetics play a role in
age-related cataracts. The Age-Related Eye Disease
study found that older individuals all had increased
risk of cataracts, showing that older age is correlated
with the development of cataracts.' In addition, smok-
ing and UV exposure is associated with cataract for-
mation.'213 Twin studies found that monozygotic twins
had higher concordance of cataracts compared to dizy-
gotic twins, suggesting a role of heritability in cataract
development.4

SURGICAL TREATMENTS - HISTORY

Age-related cataracts can only be treated surgically.
However, if diagnosed early, a patient is recommended
to postpone surgical treatment until their visual symp-
toms become severe enough to impair normal day-to-
day function. Initially, there are smaller opacities in
the eye that do not significantly interfere with light
refraction. As the opacities become larger and the cat-
aract further develops, reparative surgery is conduct-
ed. This helps patients avoid complications from sur-
geries that may only result in minimal improvements
in vision.5

Couching

The earliest surgical method used to treat cataracts
was couching.5 A 1200 B.C. wall painting in an Ancient
Egyptian tomb depicts what could be interpreted as a
couching operation, where an individual is portrayed
inserting a long, needle-like object into the eye of a
worker. Another Ancient Egyptian temple constructed
between 1479-1425 B.C. contains stone engravings
that depict an array of long, sharp instruments, which
many have speculated to be the tools used to perform
couching surgeries.’s Couching involves inserting a
thin surgical instrument (e.g. a sharp needle) into a
patient’s pars plana and dislodging the capsule that
the lens sits within. The lens falls from its original po-
sition, into the vitreous cavity, and out of the patient’s
visual field (Figure 1). Couching has also been non-
invasively performed by repeatedly hitting a patient’s
affected eye, using the force of a blunt object to physi-
cally dislodge the lens.1® Postoperatively, the charac-
teristic symptoms of cataracts are eliminated and vi-
sion may improve. However, in many cases, vision still
remains comparatively poor.1® Preoperatively, a pa-
tient with mature white cataracts would only be able to
differentiate between light and dark; however, postop-
eratively, they would be able to see how many fingers
an individual is holding up, with blur. Couching is con-
sidered a dangerous and imprecise technique. Despite
having low success and high complication rates, it is
still used to treat cataracts in areas with limited access
to medical resources. In one study, researchers sur-
veyed individuals 40 years and older over a thirty-
month period to determine which cataracts treatments
they underwent.1¢7They found that of 583 eyes that
underwent cataract surgery in Nigeria, 249 (42.7%)
were done by couching, and 73.1% of those couched
eyes had poor visual acuity.1¢
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Couching Procedure.
depicts the outcome of a couching operation
used to dislodge a cataractous lens out of the visual
field.

Figure 1. This figure
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Intracapsular Cataract Extraction

In the 18th century, the technique of intracapsular cat-
aract extraction (ICCE) was introduced as a safer alter-
native to couching.5This involved the creation of a
large incision at the limbus, which is the connection
between the cornea and sclera. The whole lens and the
capsule it sits in are then extracted without replace-
ment, and the patient remains aphakic, or without a
lens (Figure 2).18 A set of suspensory ligaments called
zonules hold the lens system in place by connecting
the lens capsule to the eye’s ciliary muscles. Alpha-
chymotrypsin, a proteolytic enzyme, is sometimes in-
jected into the eye during surgery in order to dissolve
these zonules and facilitate capsular extraction.2° Sim-
ilar to couching, after severe cataracts, vision will im-
prove compared to vision pre-surgery, but it will re-
main relatively poor. Therefore, thick aphakic glasses
that negatively impact peripheral vision can be postop-
eratively provided to patients as part of the treat-
ment.28 A study by Schemann, Bakayoko, and Cou-
libaly (2000)* compared the outcomes of ICCE and
couching in patients from Mali. Despite the two proce-
dures being similar in cost, ICCE patients experienced
better visual outcomes. 5.3% of ICCE patients com-
pared to 0% of couching patients achieved good acuity,
76.8% compared to 29.1% had poor acuity, and 17.9%
compared to 70.9% became blind. Approximately half
of those patients who underwent couching were una-
ware of alternative or more effective options. This in-
dicates that initiatives to educate surgeons and raise
awareness within communities about the existence of
other cataract surgery techniques are important to
pursue. Intracapsular cataract extraction is still per-
formed today but only when necessary, as in for in-
stance, cases where the posterior capsule is unstable
due to weakened zonules.5
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Figure 2. Intracapsular Cataract Extraction.
This figure depicts the outcome of the intracapsular
extraction of a cataractous lens and its surrounding
capsule.

SURGICAL TREATMENTS - PRESENT

Extracapsular Cataract Extraction

During the late 20th century, the surgical technique of
extracapsular cataract extraction became widespread.
This method involved the removal of the aged, opaque
lens and implanting an artificial intraocular lens (IOL)
to replace it.2t Therefore, the patient is no longer
aphakic postoperatively, unlike with intracapsular cat-
aract extraction or couching. In extracapsular cataract
extraction, the surgeon creates an 11 mm limbal inci-
sion between the cornea and the sclera. Anterior cap-
sulorrhexis, also known as anterior capsulotomy, is
then performed, where the anterior capsule is re-
moved, leaving behind the posterior capsule and the
zonular attachments that hold it in place. The surgeon
then extracts the lens nucleus and suctions out what is
left of the lens cortex. In this manner, the integrity of
the posterior lens capsule is maintained. An artificial
IOL that has also been designed to correct for a pa-
tient’s refractive errors can then be accurately maneu-
vered into place (Figure 3). This refractive correction
provides patients with sharp acuity for distant vision,
unlike with aphakic patients; reading glasses may be
provided for near vision.5

IOLs are artificial lenses that are usually composed of
polymethylmethacrylate if they are rigid and silicone
or acrylic if they are foldable.522 Hennig, Puri, Sharma,
Evans, and Yorston (2014)22 compared the use of rigid
IOLs to the use of foldable IOLs in cataracts patients
post-surgery. Visual outcomes in both groups were
similar, but slightly better in the rigid IOL group. Fur-
thermore, rigid IOLs are significantly cheaper than
foldable ones. However, the incidence of posterior cap-
sule opacification, a postoperative complication, was
approximately 1.5 times higher in the rigid IOL group.
Rigid IOLs require the creation of a 5 mm sclerocorne-
al tunnel incision that they can fit through. On the oth-
er hand, foldable IOLs allow for a smaller 2.5 mm cor-
neal incision that is easier to create. Foldable IOLs are
more widely used in developed countries, possibly due
to the appeal of a smaller incision. However, in regions
with limited access to medical resources, the low cost
of rigid IOLs makes them preferable, especially when
the visual outcomes are similar to those after the im-
plantation of a foldable IOL. Two other types of IOLs
currently exist: the posterior chamber IOL and the an-
terior chamber IOL. Usually, cataract surgery involves
replacing the lens with a posterior chamber IOL. How-
ever, in cases where the posterior lens capsule is con-
sidered too unstable to hold the IOL in place or after
an ICCE, an anterior chamber IOL is used instead. It is
placed in front of the iris, where it can be held into
place by attached “hooks” known as haptics.5 Astigma-
tism is a condition characterized by an irregular corne-
al surface that prevents the sharp focus of light on the
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retina and results in blurred vision. Toric IOLs that
correct for astigmatism are also available and implant-
ed in patients when necessary.23
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Figure 3. Extracapsular Cataract Extraction.
This figure depicts the outcome of extracapsular
extraction of a cataractous lens without its capsule and
its replacement with an artificial IOL.

Phacoemulsification

Currently, the most commonly-used cataract surgical
technique is phacoemulsification: an altered form of
extracapsular cataract extraction that was introduced
by Kelman in 1967.2426 Similar to the traditional EC-
CE, phacoemulsification involves the creation of a cor-
neal incision, an anterior capsulotomy, and the re-
placement of the cataractous lens with a new IOL.
Phacoemulsification differs from ECCE in the intro-
duction of the phacoemulsification probe. After capsu-
lorrhexis is performed, this probe is inserted into the
opaque lens through a corneal incision. Instead of ex-
tracting the lens nucleus as one solid mass, the probe
is used to transmit high-frequency ultrasound waves
that emulsify the lens nucleus and allow for its suction
through the same probe.224This is more colloquially
known as the “divide and conquer” step. Once the old
lens is suctioned out, a new IOL is inserted into the
posterior lens capsule. With the advent of thinner
phacoemulsification tools that can extract the lens in
pieces and foldable IOLs, the corneal incision was sig-
nificantly reduced to a size of 3 mm that does not re-
quire stitches. This may reduce complications such as
suture-induced astigmatism.5 De Silva, Riaz, and Ev-
ans (2014)2? conducted a meta-analysis of studies that
compared patient outcomes after phacoemulsification
and patient outcomes after ECCE. Patients who under-
went phacoemulsification achieved better uncorrected
and corrected visual acuity than patients who under-
went ECCE. Complication rates, such as iris prolapse,
cystoid macular oedema and posterior capsular opaci-
fication, were also lower in the phacoemulsification
groups. While phacoemulsification is surgically more
expensive, ECCE may cost more overall, including the
costs of extra postoperative follow-ups and treatments

for complications.2

Femtosecond Laser-Assisted Cataract Surgery

The most recent development in cataract surgery is the
more expensive and less commonly used Femtosecond
Laser-Assisted Cataract Surgery (FLACS) technique.
FLACS differs from phacoemulsification in that lasers
largely automate the surgery by performing the inci-
sion, anterior capsulotomy, and fragmentation of the
aged, opaque lens before its ultrasound emulsification
and suction with the phacoemulsification probe.2!
Compared to previous techniques, FLACS lends the
surgeon more precision and can reduce the risk of
complications. Chen, Chen, He, and Yao (2016)25 con-
ducted a meta-analysis of studies that investigated
FLACS outcomes and found multiple advantages asso-
ciated with the technique compared to phacoemulsifi-
cation. Specifically, FLACS was found to be a safer op-
tion that presents better visual outcomes, more accu-
rate surgical performance, and reduces complications
caused by surgical damage to the corneal endothelium.
FLACS patients also experienced a faster recovery
time, and consequently, better uncorrected distant vis-
ual acuity. Corrected distant visual acuity was also
found to be better one-week post-surgery in the
FLACS group. However, in the long-term, no signifi-
cant difference was detected between the two groups.
Nevertheless, FLACS is expensive, and the benefits it
lends can be considered marginal in comparison to the
cost of implementing it.25 It is less commonly wide-
spread compared to traditional phacoemulsification.25

Viscoelastics

The introduction of viscoelastics to intraocular surgery
in 1980 significantly contributed to the safety and effi-
cacy of modern cataract surgeries.2” Viscoelastics are
transparent, fluid substances that are regularly inject-
ed into the eye throughout the duration of modern cat-
aract operations. The main purpose behind the use of
viscoelastics in cataract surgery is protection. Corneal
edema presents one of the more common early post-
operative complications to cataract patients.28 Normal-
ly, corneal endothelial cells help regulate the fluid con-
tent of the cornea and maintain transparency by trans-
porting excess fluid into the aqueous humor of the eye.
29,30 During surgery, some of these corneal endothelial
cells can become damaged or lost, which reduces func-
tion and results in corneal swelling or corneal edema.
This interferes with corneal transparency and results
in poor vision.3!Viscoelastics minimize friction and
damage to the corneal endothelium while removing
and replacing the lens, and therefore, they significant-
ly reduce the incidence of complications such as
bullous keratopathy, a severe form of corneal edema.32
-34 Additionally, they serve to fill the eye so as to hold
ocular structures in place. This allows the surgeon
more space to accurately maneuver tools and im-
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mensely facilitates the surgery.34

SURGICAL TREATMENTS - FUTURE
Accommodating Intraocular Lenses

The lens capsule is connected to ciliary muscles that
regularly relax and contract, causing the lens to alter
its convexity. This process, known as accommodation,
is crucial for the functioning of the natural lens and
accurately focuses light on the retina to allow for sharp
vision at all distances, according to Helmholtz’s theo-
ry.35s However, because extracapsular cataract extrac-
tion involves performing an anterior capsulotomy, the
capsule and the entire lens system is unable to partake
in accommodation.36 Furthermore, cataracts patients
are fitted with artificially constructed and comparably
stiff IOLs, which additionally limit their ability to ac-
commodate.3¢ To compensate for this, IOLs are cor-
rected in a manner that would allow the patient to
have focused distant vision, and they are then provid-
ed with reading glasses that aid with near vision.5 Al-
ternatively, multifocal IOLs that are engineered to
confer focused vision at different distances may be
used. While they allow for a certain degree of accom-
modation, they do not possess the same range of focus
that a natural lens does and may reduce contrast sen-
sitivity.3” Moreover, these multifocal “pseudoaccomm-
odating” lenses are not as financially accessible as reg-
ular, unaccommodating I0Ls.38

Due to these limitations in accommodation, current
research efforts are focused on creating a transparent,
optical substance that can be injected into the capsule
once the opaque lens has been removed - without per-
forming a capsulorrhexis.39 Ideally, the liquid would
be malleable enough to adequately and dynamically
respond to the shifting capsule as it changes shape.
This would accommodate for focused vision at all dis-
tances, provided that the ciliary muscles have not com-
promised their contractile function, as may be the case
in older patients.394° These lenses are known as ac-
commodating IOLs and could potentially replace regu-
lar IOLs as the standard treatment for cataracts and
revolutionize ocular surgery.

The challenges facing the successful development and
application of accommodating IOLs include the optical
material leaking through the opening made in the cap-
sule and postoperative capsule opacification. Posterior
capsule opacification is the most common late postop-
erative complication.4t After extracapsular cataract
extraction is conducted, whether phacoemulsification
was performed or not, lenticular fibers may not have
been completely extracted and remain in the periphery
of the posterior lens capsule. These cells then prolifer-
ate and migrate into the center of the posterior capsule
before undergoing opacification. This results in symp-

toms that echo those experienced when the individual
was suffering from cataracts (e.g. low visual acuity).
For this reason, posterior capsule opacification is also
known as “secondary cataracts”. To treat this compli-
cation, a neodymium: YAG laser-automated posterior
capsulotomy is performed as a way to clear the pa-
tient’s visual field and allow a transparent passage for
light to enter the eye. Currently, there are no estab-
lished ways to prevent posterior capsule opacification
from occurring.4t With an accommodating IOL, poste-
rior capsule opacification would reduce visual acuity
and prevent effective accommodation. Furthermore, a
laser capsulotomy to treat posterior capsule opacifica-
tion might result in the leaking of the optical sub-
stance and a compromise of the accommodating IOL
structure.4?

Another goal for these accommodating IOLs is to cor-
rect for a patient’s refractive errors and eliminate the
need for visual correction with glasses or contact
lenses, also known as emmetropia.42 Multiple accom-
modating IOL designs and methods of administration
have been proposed and remain under research inves-
tigation. In a study by Hao et al. (2012)36, researchers
tested the effectiveness of a polysiloxane gel as an al-
ternative to traditional IOLs and found that the gel
fully recovers the accommodation range of human ca-
daver eyes. Ideally, this research aims to achieve a
point where accommodating IOLs can be clinically uti-
lized in human cataract surgeries, and patients can
postoperatively enjoy sharp, uncorrected vision at all
distances. More research on accommodating IOL de-
sign, application, and long-term outcomes is needed.

CONCLUSION

Approximately 50% of the world’s blindness is caused
by age-related cataracts, and people across the globe
and across centuries have been faced with the disease.
Technological advances over time have allowed the
treatment of cataracts to evolve: from the couching
method used in ancient times to phacoemulsification,
the most common surgical method used to treat cata-
racts today. Research into future therapies remains
active and looks into developing accommodating IOLs
to replace regular ones and lend the patient emmetro-
pia through restoring lens accommodation.

With a greater understanding of age-related cataracts
and more research into viable therapeutics, the disease
can be effectively combatted. Strategies to make treat-
ments more cost-effective, accessible and convenient
will bring us closer to the Right to Sight Initiative of
eliminating avoidable blindness. However, this goal is
far from being reached. A large number of individuals
in developing countries are unaware of cataract treat-
ment options available to them and tend to undergo
couching, which is the least safe and least effective
technique. Without disseminating the relevant infor-
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alternative procedure for cataract surgery in Mali. Ophthalmic epidemiology. 2000

mation and advocating for access to safe treatments in
Jan 1;7(4):271-83.

developing countries, surgical advances in the field are
inconsequential in these regions. Therefore, it is inte-
gral to train specialists on these surgical techniques
and inform potential patients on their treatment op-
tions. Implementing these measures along with
providing the equipment required to conduct these

(20) Harris GS. Alpha-Chymotrypsin in Cataract Surgery. Canadian Medical Asso-
ciation journal. 1961 Jul 22;85(4):186.

(21) Minassian DC, Rosen P, Dart JK, Reidy A, Desai P, Sidhu M. Extracapsular
cataract extraction compared with small incision surgery by phacoemulsification: a
randomised trial. British Journal of Ophthalmology. 2001 Jul 1;85(7):822-9.

(22) Hennig A, Puri LR, Sharma H, Evans JR, Yorston D. Foldable vs rigid lenses

surgeries can help reduce inequalities in treatment.
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