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Cataracts
Maria Vittoria Cicinelli, John C Buchan, Maneck Nicholson, Varshini Varadaraj, Rohit C Khanna

94 million people are blind or visually impaired globally, and cataract is the most common cause of blindness 
worldwide. However, most cases of blindness are avoidable. Cataract is associated with decreased quality of life and 
reduced life expectancy. Most cases of cataract occur after birth and share ageing and oxidative stress as primary 
causes, although several non-modifiable and modifiable risk factors can accelerate cataract formation. In most 
patients, phacoemulsification with intraocular lens implantation is the preferred treatment and is highly cost-effective. 
There has been an increase in the use of comprehensive cataract surgical services, including diagnoses, treatment 
referrals, and rehabilitation. However, global inequity in surgical service quality is still a limitation. Implementation 
of preoperative risk assessment, risk reduction strategies, and new surgical technologies have made cataract surgery 
possible at an earlier stage of cataract severity with the expectation of good refractive outcomes. The main challenge 
is making the service that is currently available to some patients accessible to all by use of universal health coverage.

Introduction 
The crystalline lens is a small, transparent, ocular structure 
in the anterior part of the eye that focuses the light on the 
retina and allows the eye to see clear images at different 
distances. Lens opacification is known as cataract. 
Although most cataract cases are age-related, congenital 
and paediatric cases can occur.

Although they are asymptomatic in early phases, 
cataracts can become visually impairing with time and 
can considerably reduce the quality of life and pro-
ductivity of an individual. As surgical removal of a 
cataract and implantation of an artificial intraocular lens 
can effectively restore vision, cataract-related blindness is 
avoidable in most cases. Some risk factors are modifiable, 
such as ultraviolet light exposure and smoking, but no 
approved intervention prevents cataract development.

This Seminar aims to summarise the current under-
standing of acquired cataracts, including epidemiology, 
pathophysiology, classification, grading, symptoms, 
management, complications, and the latest develop-
ments in surgical treatment. Controversies and new 
options about cataract surgery administration are also 
discussed. Congenital and paediatric cataracts are not 
reviewed in this Seminar as their causes, consequences, 
and clinical management substantially differ from 
acquired cataracts.

Epidemiology 
Cataract is a main cause of loss of vision worldwide. 
In 2020, an estimated 15 million people older than 50 years 
were classified as blind (presenting visual acuity <3/60 or 
less than 10° visual field around the central fixation) and 
an estimated 79 million people older than 50 years were 
classified as having moderate to severe visual impairment 
(presenting visual acuity <6/18 to 3/60) due to cataract 
worldwide.1 These estimates show a 30% increase in 
cataract blindness and 93% increase in moderate to severe 
visual impairment compared with the year 2000. However, 
the age-standardised prevalence of cataract blindness has 
decreased by 28% and moderate to severe visual impair-
ment has increased by 7% since 2000.2 The overall increase 
in cases of cataract despite a decrease in age-standardised 

rates is because of the ageing of populations, which results 
in an increasing number of individuals older than 
60 years.2

Most cases of cataract occur in low-income and middle-
income countries, and cataract-related visual impairment 
is still a cause and a consequence of material poverty in 
resource-poor settings.3 South Asia has the highest 
prevalence of cataract blindness and moderate to severe 
visual impairment worldwide (figure 1). Nonetheless, 
based on the Global Burden of Disease Study regions, 
south Asia (–36·5%); southeast Asia, east Asia, and 
Oceania (–43·0%); and North Africa and the Middle 
East (–40·0%) had the largest decrease in cataract 
blindness rates between 2000 and 2020.1

Anatomy and function of the lens 
The crystalline lens is an avascular, biconvex structure 
located behind the iris and anterior to the vitreous. The 
lens is surrounded by an elastic capsule and is suspended 
from the ciliary body by a network of zonular fibres.5

The lens originates from the surface ectoderm. At 
33 days’ gestation, the lens appears as a cavitary sphere 
with epithelial cells lining it anteriorly and primary lens 
fibres lining it posteriorly (eg, lens vesicle). As anterior 
epithelial cells replicate throughout the lifetime of an 
individual, daughter cells migrate towards the equator 
of the lens, elongate, and progressively lose their 
organelles. New lens fibres (adult nucleus) arrange 
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Search strategy and selection criteria

We did a PubMed engine search using the terms “crystalline 
lens”, “cataract”, “phacoemulsification”, or “intraocular lens”. 
From an initial 108 501 results, we reviewed all studies 
published in English before April, 2022. We included meta-
analyses, systematic reviews, randomised controlled trials, 
population-based studies, and clinical studies, and prioritised 
papers published in the past 3 years. We also included 
information from WHO and the Vision Loss Expert Group, an 
international group of experts in ophthalmic epidemiology 
assisting the Global Burden of Disease Study.

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(22)01839-6&domain=pdf
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concentrically around the primary fibres (embryonic 
and fetal nucleus), and the lens volume progressively 
increases. Cells dividing after sexual maturation 
constitute the lens cortex. Absence of blood vessels, 
paucity of cytosolic organelles, orderly arrangement of 
lens fibres and cytoskeletal proteins, minimal 
extracellular space, and balance of intracellular water 
ensure lens transparency.6

By changing its shape, the lens can see clear images 
at various distances. The refractive power of an 
unaccommodated lens is about 20 dioptres, a third of 
the total power of the eye;7 the accommodative 
amplitude of the lens peaks at age 12 years and 
progressively decreases. Fibrotic changes in the ciliary 
muscle fibres, capsule stiffening, fibres stiffening, and 
a forward movement of the lens centre have been 
hypothesised as causes of accommodation insufficiency 
with age (eg, presbyopia). Additional lens functions 
include filtering ultraviolet radiation and correcting 
corneal spherical aberrations.8

Pathophysiology and risk factors of acquired 
cataract 
The causes of acquired cataract are multifactorial9 and 
include ageing9,10 and oxidative stress as the main causes. 
Active maintenance of lens transparency and refractive 
index requires high metabolic activity, sustained by 
nutrients and antioxidants from the aqueous humour. 
With age, aqueous and lens transport systems decrease in 
efficiency and redox enzymatic activity. The synthesis of 
water-soluble crystallins reduces, leading to water-insoluble 
protein aggregation. Peptide lysis and oxidation cause 
protein misfolding, dysfunction, and instability.11 Finally, 
nuclear yellow-brown chromophore amounts increase, 
leading to lens brunescence.12

Genetics and sex might also play a role in cataract 
development. Studies of the eyes of twins have shown 
that heredity explains up to 48% (95% CI 42–54)13 of the 

variation within populations for nuclear cataracts and 
58% (95% CI 51–64)14 of the variation within populations 
for cortical cataracts. In 2021, a genome-wide association 
study identified several genetic loci associated with 
age-related cataracts.15 Nonetheless, the proportion of 
clinical variability these loci explain is still unclear, as is 
the contribution of these loci in populations of diverse 
ethnic and environmental backgrounds. Women are at a 
greater risk of cataracts than men, potentially because of 
differences in life expectancy, health-seeking behaviours, 
and hormones.16 Incidence of cataracts in postmenopausal 
women has been proposed to be higher than in men 
because of the effects of declining oestrogen on cataract 
formation, but data on the role of sex hormones in 
cataractogenesis remain inconclusive.17

Concurrent ocular diseases, such as myopia, uveitis, and 
anterior or posterior segment abnormalities, might induce 
or accelerate cataract formation. Local inflamma tion 
encourages both oxidative stress and lens epithelial cell 
proliferation time dependently and dose dependently.18 
Pseudoexfoliation syndrome causes cataracts via blood–
aqueous barrier dysfunction.19 Increased oxygen concen-
tration around the lens is responsible for secondary 
cataracts after vitrectomy20 or in hereditary vitreopathies.21

Systemic diseases, such as diabetes,22 hypertension,23 and 
obesity,23 have been associated with an increased risk of 
cataracts. Other causes of acquired cataracts include trauma 
(penetrating or non-penetrating), metabolic diseases (eg, 
gout, galactosaemia, Fabry disease, and Wilson disease), 
and ocular (eg, retinitis pigmentosa or late-onset retinal 
dystrophy) or systemic inherited dystrophies (eg, Marfan 
syndrome, Down syndrome, myotonic dystrophy, Alport 
syndrome, or neuro fibromatosis type 2; appendix p 1).

Regarding modifiable risk factors, substantial evidence 
exists that links cataracts to smoking,24 electric and 
chemical burns, and non-ionising and ionising 
radiation (including ultraviolet radiation from sunlight 
exposure).25,26 Chronic substantial alcohol consumption 

See Online for appendix

Figure 1: Age-standardised prevalence of blindness, moderate vision impairment, and severe vision impairment because of cataract in 2020
Reproduced with permission from the Global Burden of Disease Blindness and Vision Impairment Collaborators and Vision Loss Expert Group.4
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might be associated with an increased risk of cataracts,27 
whereas low to moderate alcohol consumption might be 
protective.28 Data from 2021 show that unclean cooking 
fuel use in low-income and middle-income countries 
might be a risk factor for cataracts, but results vary across 
age, sex, and geographical location.29 Finally, chronic 
drug use, such as corticosteroids, phenothiazines, 
antidepressants, and miotics, is also associated with an 
increased risk of cataract formation. Data regarding 
statins are contradictory.30

Using ultraviolet-filtering glasses and hats, quitting 
smoking, and abstaining from substantial alcohol 
consumption are practical preventive strategies. Although 
oral antioxidant supplementation has been assessed for 
cataract prevention, its protective effects are inconclusive.31 
Dietary plant natural products and a Mediterranean diet 
have shown some protective effects against cataracts,32 
but robust evidence is needed.

Clinical classification, signs, and symptoms of 
cataracts 
Cataracts are named according to the anatomical location 
in the lens or the characteristics of the opacities. Different 
cataracts vary in clinical presentation, symptoms, and risk 
factors (table).33 The most common types of cataracts are 
nuclear (an opacification of the fetal and adult nucleus) 
and cortical (a spoke-like opacification of the lens cortex 
fibres). Although asymptomatic if lens opacity is mild, 
cataracts can become progressively visually impairing, 
affecting the ability of an individual to do daily activities, 
decreasing social functioning, increasing the risk of 
depression, and reducing life expectancy.34

Cataract grading systems have been developed for 
clinical practice and research, allowing the standardisation 
of cataract type, severity, and rate of progression 
assessment. There are several grading systems, of which 
the Lens Opacities Classification System III is most 
widely used.35 However, all grading systems have issues 
with subjective evaluation, have few functional correlates, 
and do not provide clear surgical indications.36

Objective, automated classification systems that rely on 
anterior segment photography, Pentacam Scheimpflug or 
optical quality analysis systems, retinal photography, and 
optical coherence tomography might have more 
advantages than subjective grading systems of lens 
opacity severity but have not been routinely established in 
clinical practice.37,38 Artificial intelligence systems can 
assist in diagnosis, grading, and referral of adult 
cataracts,39 yet their value and cost-effectiveness need to 
be validated in real-world settings (eg, community 
screening and primary care venues, tertiary eye hospitals, 
or telemedicine [diagnosing patients virtually]).

Indication for surgical extraction 
From a patient perspective, cataract surgery should be 
done when cataract-related visual symptoms interfere 
with quality of life or daily activities to the extent that the 

expected benefits of surgery outweigh the potential risks. 
As the risks of cataract surgery have reduced substantially 
in the past two decades, the clinical thresholds 
(eg, symptoms or lens opacification) for seeking surgery 
have consequently reduced also.40

Third-party systems (eg, health insurance) are attempting 
to restrict the number of people who qualify for cataract 
surgery by visual acuity thresholds or visual symptom 
scores.41 However, the economic arguments for rationing 
are not strong because of the cost-effectiveness of cataract 
surgery.

Other than visual indications, lens extraction in the 
absence of cataract (eg, clear lens extraction [CLE]) might 
be beneficial for patients with, or at risk of, angle-closure 
glaucoma.42 CLE can be electively done for high refractive 
errors43 or presbyopia correction37,44 in patients who do 
not want to wear spectacles.

Preoperative management 
The preoperative clinical assessment of patients 
scheduled for cataract surgery aims to confirm surgical 
indications, feasibility, risks, and benefits (panel).45 A 
complete dilated examination of the eyes allows screening 

Clinical characteristics Associations Main symptoms

Nuclear Yellow-brown opacification 
of the fetal and adult 
nucleus

Age; diabetes Blurry vision; loss of colour 
sensitivity; myopic shift

Cortical Spoke-like cortex opacities 
with the same shape of lens 
fibres

Age; diabetes; ultraviolet 
radiation

Astigmatism; monocular 
diplopia; glare and halos 
around lights

Posterior 
subcapsular

Plaque-like opacification in 
the back portion of the lens

Diabetes; radiation; drug 
toxicity; inherited 
dystrophies; uveitis

Blurry vision; reduced light 
sensitivity; reduced near 
vision

Anterior 
subcapsular

Lens opacity underneath the 
anterior capsule

Diabetes; trauma (also 
phakic lenses); drugs; 
inflammation; irradiation; 
electrical burns

NS

Snowflake White subcapsular opacities 
that look like snowflakes

Uncontrolled diabetes; 
hereditary associations

NS

Rosette Flower-shaped opacification 
of nuclear lens fibres

Trauma; electrocution; 
chemical burns; exposure to 
radiation

NS

Christmas tree Small, needle-like, 
multicoloured crystals in the 
lens cortex

Myotonic dystrophy NS

Sutural Congenital Y-shaped lens 
opacities that affect the fetal 
lens nucleus

Anomalous embryonic 
development of the lens

Usually asymptomatic

Cerulean Blue and white 
opacifications in lens 
nucleus or cortex

Crystallin gene mutations Usually asymptomatic

Anterior polar Dot-like opacity in lens 
anterior capsule

Phenothiazines; aniridia or 
microphthalmia; intraocular 
tumours

NS

Posterior polar Dot-like opacity in lens 
posterior capsule

Developmental NS

NS=not specific.

Table: Anatomical classification of types of cataracts and main clinical associations
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for ocular risk factors for potential intraoperative or 
postoperative complications.46 Risk stratification, 
sometimes expressed as composite risk scoring systems, 
allows for improved informed consent, case allocation, 

and planning for adjunctive devices or procedures 
(eg, capsular tension rings or iris hooks),47 and could be 
further improved by including artificial intelligence in 
risk analysis.48 Preoperative examination also allows for 
the identification of concomitant ocular comorbidities 
that affect the visual expectations of cataract extraction 
that both patients and doctors have.

The next part of preoperative management is measuring 
the corneal refractive power and the globe anatomical 
metrics to allow exact intraocular lens power estimation 
to focus light on the retina.49 Although cataract surgery is 
not routinely done for refractive management only, a 
good refractive outcome is essential for patient satisfaction 
and is an established outcome indicator.50,51 85% of 
patients having postoperative refraction within 1 dioptre 
of predicted is regularly seen in well-resourced services.52 
To date, no single formula can provide an accurate 
intraocular lens power calculation. Nonetheless, new 
formulas have improved prediction of the most accurate 
intraocular lens power in patients with very large or very 
small eyes and mitigate the risk of inaccurate estimates in 
eyes that have had previous refractive surgery.49

The assessment of a preoperative patient includes 
screening for systemic illnesses and medications. 
Systematic reviews have found no benefit from any general 
work-up before cataract surgery.53 One exception is 
checking blood pressure before surgery, as there is weak 
evidence that high blood pressure might increase the 
risk of intraoperative suprachoroidal haemorrhage.54 
Knowledge of diabetic status is also desirable preoperatively 
as this knowledge would encourage the use of additional 
agents, such as subconjunctival steroids, to reduce the risk 
of postoperative macular oedema.55,56 Some systemic 
medications are essential to know about preoperatively. 
Some α-blocking medications (eg, tamsulosin or silodosin) 
are associated with a high risk of intraoperative iris 
billowing, prolapse, and poor mydriasis (intraoperative 
floppy iris syndrome [IFIS]; odds ratio 206·5, 95% CI 
50·9–836·5), which might require adjustments to surgical 
technique.57 Non-selective α-blocking medications (eg, 
alfuzosin, doxazosin, prazosin, and terazosin) are less 
associated with IFIS than tamsulosin, and are considered a 
safer choice than tamsulosin in cases of expected IFIS 
during cataract surgery.58,59 Current guidelines suggest not 
to stop any drug preoperatively if cataract surgery with 
topical anaesthesia is planned.60

Anaesthesia and sedation 
Cataract surgery can be safely carried out with local or 
topical anaesthetic in most patients. Topical anaesthesia 
is done by instilling anaesthetic eye drops on the cornea 
and in the conjunctival sac, with or without intracameral 
anaesthetic injected during surgery. Local anaesthesia is 
commonly done by injecting anaesthetic agents into the 
tissues around the globe (eg, Sub-Tenon’s block). Retro-
ocular analgesia is not used often, as it can have potential 
serious complications, such as retrobulbar haemorrhage, 

Panel: Preoperative assessments of patients undergoing 
cataract extraction, their purposes, and examples

Ocular evaluation 
Screening for risk factors for intraoperative complications:
• Previous eye surgeries
• Shallow anterior chamber
• Pseudoexfoliation syndrome
• Zonular laxity
• Dense cataract
Identification of concomitant comorbidities:
• Corneal degeneration
• Corneal dystrophies
• Glaucoma
• Diabetic retinopathy
• Age-related macular degeneration

Biometry and lens power calculation 
Measurement of the anatomical and refractive metrics of the 
globe:
• Corneal refractive power
• Globe axial length
• Anterior chamber depth
• Corneal spherical aberrations
Choice of the appropriate formula to calculate intraocular 
lens power:
• Regression formulas, such as SRK I or SRK II
• Vergence formulas, such as 2-variable formulas 

(Holladay 1, SRK-T, and Hoffer Q), 3-variable formulas 
(Haigis and Ladas super formula), 5-variable formulas 
(Barrett universal II), and 7-variable formulas (Holladay 2)

• Artificial intelligence-based formulas, such as Hill-Radial-
Basis-Function calculator

• Ray tracing, such as Olsen or PhacoOptics

Systemic assessment 
Screening for concomitant systemic conditions:
• Hypertension
• Diabetes
• Respiratory diseases
Record of medications list:
• α-blocking medications (doxazosin or tamsulosin) are 

associated with intraoperative iris billowing, iris prolapse, 
and poor mydriasis (floppy iris syndrome)

• Antithrombotic or antiplatelet agents
Need for general anaesthesia:
• Cognitive impairment
• Severe head tremor
• Claustrophobia
• Dyspnoea in supine position
• Inability to lie down on the back



Seminar

www.thelancet.com   Vol 401  February 4, 2023 381

brainstem anaesthesia, globe perforation, or local 
myotoxicity. General anaesthesia is indicated for patients 
with poor expected cooperation during surgery (panel).

Preoperative and perioperative anxiety can induce 
unintentional patient movement, reduced pain threshold, 
and extended operation times. Oral or intravenous 
sedation might improve the cooperation and satisfaction 
of a patient, but side-effects, such as respiratory depression 
and airway obstruction, excessive or paradoxical responses, 
long postoperative sedation, and cognitive dysfunction, 
might increase the overall risk of surgical complications.61 
Improved preoperative counselling has been shown to 
reduce perioperative anxiety.62

Types of cataract surgery 
Phacoemulsification 
Phacoemulsification is the reference standard of care for 
cataract surgery in most settings. It uses ultrasound 
energy to disintegrate the nucleus, which is then 
aspirated out of the eye (figure 2).

A clear corneal tunnel and one or two accessory 
incisions are constructed at the start of surgery. The 
anterior chamber is filled with a viscoelastic substance. A 
circular opening in the anterior capsule (the capsulorhexis) 
is made to access the nucleus and the cortical matter of 
the lens. The integrity of the corneal incisions and the 
size and shape of the capsular opening are determinants 
of the final refractive correction of the patient.63 
Phacoemulsification of the nucleus is done either by 
making grooves and disassembling the nuclear matter 
into quadrants or using instruments to break it into 
smaller pieces. The residual cortex is aspirated, a folded 
intraocular lens is placed through the tunnel into the 
capsular bag, and the corneal incisions are sealed with 
water. Stitches are rarely required.

Small incision cataract surgery 
Small incision cataract surgery (SICS) requires the 
construction of a larger scleral tunnel than in 
phacoemulsification to allow entry into the anterior 
chamber of the eye and manual removal of the nucleus 
in toto. The rest of the process, including cortical 
aspiration and intraocular lens insertion, is similar to the 
phacoemulsification technique (figure 3). SICS is being 
used increasingly in low-income and middle-income 
countries as it is faster, less technology-dependent, and 
less expensive than phacoemulsification. A prospective 
randomised study of phacoemulsifi cation and SICS 
showed no difference between the two techniques in 
achieving 20/60 functional acuity in a population who 
would not otherwise be able to afford phacoemulsification 
and advanced intraocular lenses.64

Femtosecond laser-assisted cataract surgery 
Femtosecond laser-assisted cataract surgery (FLACS) was 
first introduced for clinical use in 200965 and relies on a 
femtosecond laser for the construction of clear corneal 

incision, the creation of a consistently sized anterior 
capsulotomy, and the fragmentation or softening of the 
nucleus. FLACS can increase precision and repeatability 
of the surgical process compared with manual surgery, 
but it is not a cost-effective procedure. Systematic reviews 
published in 2016 could not establish the equivalence 
or superiority of FLACS compared with standard 
phacoemulsification in terms of visual and refractive 
outcomes or overall complications.66,67 Although FLACS 
might offer small benefits in particular complex cases of 
cataract, its substantial costs restrict widespread use in 
the near future.

Intraocular lenses 
An intraocular lens is implanted into the eye in place of 
the crystalline lens at the end of the surgery. Intraocular 
lenses are classified according to their location of 
placement, design, material, and shape. The intraocular 
lens is placed within the bag if the capsular bag is intact. 
Other intraocular lens designs are preferred in the 
absence of adequate capsular support (appendix p 2). In 
rare cases of cataract surgery, the eye might be left 
without an intraocular lens (known as aphakia) because 
of intraoperative complications, or in advanced cases of 
cataract (eg, cataract nigra) in low-income and middle-
income populations. However, leaving an eye aphakic is 
an unattractive option as the eye will require very thick 
glasses (more than +10·0 dioptres) to focus images.

Figure 2: The process of phacoemulsification
After instilling anaesthetic drops and dilating drops in the eye preoperatively, the periocular skin is cleaned with 
povidone iodine, the surgical area is covered with a sterile drape, and a lid speculum is placed in the eye to keep the 
eyelids open. One or two paracenteses are created, and preservative-free lidocaine is injected into the anterior 
chamber, which is filled with a thick, dispersive OVD. (A) A clear corneal incision site, typically a triplanar wound to 
encourage sealing without stitches, is created temporally or superiorly. (B) After an anterior capsulorhexis and 
hydrodissection of the cortical matter from the nucleus matter, the nucleus is fragmented into smaller pieces, 
which are aspirated with a phacoemulsification probe. (C) The cortex is aspirated with an irrigation or aspiration 
probe. (D) After filling the capsular bag with a cohesive OVD, an intraocular lens is placed in the capsular bag. 
(E) The OVD is removed from the capsular bag and the anterior chamber, intracameral antibiotics are injected into 
the eye, and the corneal incisions are closed with stromal hydration. OVD=ophthalmic viscoelastic device.

A

D

B

E
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Standard intraocular lenses have monofocal power; they 
only focus the light at one predetermined distance, 
making it necessary to wear additional refractive correction 
for clear vision at different distances. Simultaneous 
correction for distance and near vision can be achieved by 
implanting high-quality lenses (eg, multifocal, also known 
as premium).68 With multifocal intraocular lenses, more 
than 90% of patients do not need spectacles for distance or 
intermediate vision, and 70% do not need spectacles for 
near vision.69 The negative aspect of multifocal intraocular 
lens is the substantially higher risk of glare (ie, discomfort 
when leaving a dark room and moving into bright 
sunlight; risk ratio [RR] 1·36, 95% CI 1·15–1·61) and halos 
(ie, halos of light around a source of bright light; RR 3·14, 
95% CI 1·63–6·08) compared with monofocal intraocular 
lenses.70 Extended depth of focus lenses circumvent 
multifocal intraocular lens disadvantages, but have worse 
near vision than other presbyopia-correcting intraocular 
lenses.71

Besides presbyopia, premium intraocular lenses can 
also correct astigmatism. Toric intraocular lenses 
provide better postoperative uncorrected distance visual 
acuity (mean difference –0·07 LogMAR, 95% CI 
–0·10 to –0·04), more spectacle independence (RR 0·51, 
95% CI 0·36 to 0·71), and a lower degree of residual 
astigmatism (mean difference –0·37 dioptre, 95% CI 
–0·55 to –0·19) than non-toric intraocular lenses, with 
similar perioperative safety to monofocal intraocular 
lenses.72

Premium intraocular lenses are not recommended for 
patients with coexisting ocular pathologies, individuals 
with high expectations for visual results, or individuals 
with high visual demands (eg, professional drivers or 
pilots) because of the risk of glare and halos. Moreover, 
premium intraocular lenses are not reimbursed by 
insurance companies or national health-care services 
and are paid for by patients. As available studies have 
not shown more benefits of premium intraocular 
lenses than monofocal intraocular lenses, other than 
decreasing the need for corrective eyewear, premium 
intraocular lenses are not considered medically 
necessary.

A thorough preoperative evaluation, including patient 
selection and appropriate counselling about expectations 
and cost management, is essential for ensuring success 
with implanting lenses.

Postoperative management 
Visual recovery after uncomplicated cataract surgery 
happens in 1–5 days after surgery. Patients are prescribed 
topical corticosteroids and topical antibiotics for 
4–6 weeks and topical non-steroidal anti-inflammatory 
drugs (NSAIDs) typically for 4 weeks, depending on 
preoperative and postoperative risk factors. A 
combination of topical steroids and topical NSAIDs 
seems more effective in preventing postoperative 
macular oedema than a single-drug regimen.73

Suboptimal compliance with postoperative medi-
cations might compromise surgical outcomes.74 To 
overcome this issue and reduce the cost of postoperative 
management, a so-called dropless cataract surgery has 
been conceptualised through topical compounded 
formulations, intraoperative intracameral injections of 
antibiotics or NSAIDs, and sustained-release drug 
implants.

Clinical follow-up visits assess the refraction, visual 
outcomes, and complications of a patient. A postoperative 
follow-up visit 1 day after uneventful phacoemulsification 
surgery provides little benefit.75 The intraocular pressure 
might be transiently elevated, but it returns to normal 
amounts in 95% of non-glaucomatous patients with or 
without treatment.76 Intraocular pressure increase 
cannot be tolerated in patients with glaucoma as it can 
result in further visual field damage.77

Most patients achieve refractive stability in 2 weeks, 
and refractive correction can be prescribed after this 
timeframe.78

Complications 
Posterior capsule rupture 
Posterior capsule rupture (PCR) and vitreous loss often 
occur together and are the most common intraoperative 
complications; they typically happen in about 1% of 
operations.79,80 The rates of PCR are higher among 
doctors-in-training than in experienced surgeons, who 
can have occurrence rates as low as 0·1%.81 Preoperative 

Figure 3: The process of small-incision cataract surgery
(A) A paracentesis is created and a dispersive OVD is injected to increase the size of the anterior chamber. 
(B) A trapezoidal sclerocorneal tunnel is made parallel to the ocular surface. (C) An internal corneal incision is made 
at the end of the sclerocorneal tunnel. A continuous curvilinear capsulorhexis is made using a cystotome or a rhexis 
forceps, then the cortical material from the lens capsule is hydrodissected. (D) The nucleus is prolapsed into the 
anterior chamber and is then expressed out. (E) The epinucleus and the cortical material are aspirated with a 
cannula through the sclerocorneal incision; an intraocular lens is placed into the capsular bag with a cohesive OVD. 
The scleral wound seals without stitches and the conjunctiva is closed by bipolar diathermy cautery. 
Subconjunctival injection of antibiotics and steroids is administered above the cut edge of the conjunctiva. 
OVD=ophthalmic viscoelastic device.
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risk factors for PCR include anxiety, poor anterior 
chamber visibility, an exaggerated Bell’s phenomenon, 
and previous vitrectomy. Some factors, such as 
subluxated lenses and polar cataracts,82 pseudoexfoliation 
syndrome, mature cataracts, small pupils, and low 
preoperative visual acuity also increase the risk of PCR.83 
PCR is a risk factor for endophthalmitis, cystoid macular 
oedema (CMO), retinal detachment, and pseudophakic 
bullous keratopathy. Precise management of vitreous 
loss is imperative to provide good visual outcomes.84

Nucleus drop 
Part of the cataract can drop into the vitreous cavity, but 
this happens rarely (incidence 0·3%).85 White cataracts, 
previous vitrectomy, poor preoperative visual acuity, 
small pupil, pseudoexfoliation syndrome, diabetic 
retinopathy, and male sex are risk factors for nucleus 
drop.86 Pars plana vitrectomy (PPV), done the same day 
as cataract surgery, is the recommended treatment and is 
associated with reduced risks of subsequent retinal 
detachment.87 A complication-free clinical course after 
PPV is the most important predictor of good vision.88

Postoperative complications within days of cataract 
surgery 
Endophthalmitis 
Endophthalmitis is the most severe ocular complication 
after cataract surgery. Incidence is 0·09–0·17% within 
30 days of surgery,89 but varies based on surgical and 
demographic factors.90 Combining cataract surgery with 
other procedures, such as glaucoma surgery or anterior 
vitrectomy, increases the likelihood of endophthalmitis.91 
Baseline visual acuity is the main predictor of final visual 
outcome; diabetes, increased age, open posterior 
capsule, and presence of corneal infiltrates are poor 
prognostic factors. Although there is high-certainty 
evidence that preoperative topical povidone-iodine and 
intracameral antibiotics effectively prevent 
endophthalmitis,92 there is no evidence assessing 
whether preoperative antibiotics are of any benefit.

Toxic anterior segment syndrome 
Toxic anterior segment syndrome (TASS) is a sterile 
inflammation of the anterior segment; its incidence 
is 0·22%.93 It can occur hours to months after cataract 
extraction. The clinical signs and symptoms of TASS 
resemble endophthalmitis. However, it responds to 
topical or oral steroids and does not respond to 
antibiotics.94 Causes of TASS include improper cleaning 
of surgical instruments, use of enzymatic detergents or 
ultrasound baths,95 inadvertent dilutions of intracameral 
drugs, preservatives, and abnormal pH or osmolarity of 
intraocular agents. If a TASS outbreak occurs, 
established protocols and online registries96 can help 
establish possible causes. Visual outcomes are generally 
good but depend on the causes97 and the extent of corneal 
damage.98

Postoperative complications within weeks of cataract 
surgery 
Posterior capsular opacification 
Posterior capsular opacification (PCO), also known as 
secondary cataract, is the most common postoperative 
complication of cataract surgery with an incidence of 
7·1–22·6% (95% CI 6·4–24·1) after 5 years.99 PCO is 
caused by the migration and proliferation of lens epithelial 
cells onto the posterior capsule. PCO can be visually 
impairing if it involves the central visual axis of the eye. 
Risk factors include young age, myopia, uveitic and 
traumatic cataracts, diabetes, and underlying retinal 
diseases. Treatment requires Nd:YAG laser capsulotomy, a 
laser procedure that can be done in the office of the doctor 
during the visit, to create an opening in the posterior 
capsule. Although non-invasive, quick, and effective, 
Nd:YAG capsulotomy might not be available in 
low-income and middle-income countries, and PCO 
causes up to 25% of postoperative visual impairment in 
existing studies.100 Square-edge intraocular lenses have 
reduced PCO rates, even in the acrylic rigid intraocular 
lenses used in low-income and middle-income countries,101 
but do not always prevent PCO.

Pseudophakic cystoid macular oedema 
Pseudophakic CMO results from fluid accumulation 
within or under the retina after surgery. Frank CMO is 
relatively uncommon after uncomplicated phacoemulsi-
fication (incidence is 0·1–3·8%),102 but subclinical oedema 
has a higher prevalence.103 Risk factors for pseudophakic 
CMO include previous vein occlusion, use of prosta-
glandin analogues, uveitis, diabetes, intraoperative 
complications (eg, PCR), extended surgery, and history of 
pseudophakic CMO in the other eye.104 CMO can be 
prevented with topical NSAIDs before and after cataract 
extraction.105 Topical NSAIDs, with or without topical 
corticosteroids, are the preferred treatment.106 In 
non-responsive cases of CMO, intravitreal or periocular 
steroids are administered.

Residual refractive error 
Residual refractive errors are one of the main reasons for 
patient dissatisfaction after cataract surgery. Inaccurate 
preoperative measurements and, rarely, intraocular lens 
mislabelling and patient misidentification, are potential 
causes.107 Preoperative biometry in eyes with dry eye, 
previous refractive surgery, contact lens use, corneal 
dystrophy, corneal degeneration, and previous applanation 
tonometry should be checked for accuracy before 
intraocular lens calculations. Intraoperative complications, 
such as PCR and vitreous loss might also contribute to 
imprecise refractive correction.108

Surgical options for correcting residual refractive error 
include corneal-based (eg, laser in situ keratomileusis, 
photorefractive keratectomy, and limbal relaxing 
incisions) and lens-based enhancements; the choice of 
corrective intervention depends on the corneal thickness, 
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the degree of error, patient comorbidities, and the type of 
intraocular lens implanted.109,110A second intraocular lens 
above the first intraocular lens as a secondary posterior 
chamber intraocular lens can correct large residual 
refractive errors, especially in eyes with contraindications 
to keratorefractive surgery, fibrotic capsular bag, or 
posterior capsulotomy. Intraocular lens exchange is 
reserved to correct large residual refractive error in cases 
of intraocular lens dislocation and for patients dissatisfied 
with a multifocal intraocular lens placement.111

Pseudophakic bullous keratopathy 
Loss of more endothelial cells because of surgery-related 
corneal trauma than a crucial amount (>700 cells 
per mm²) results in corneal oedema and bullae 
formation.112 Pseudophakic bullous keratopathy (PBK) 
can occur after any intraocular surgery, but is more 
common after anterior chamber intraocular lens 
implantation, use of high phacoemulsification energy, 
and corneal endothelial dystrophy. Medical management 
of PBK includes the use of hyperosmotic agents to 
dehydrate the cornea. Steroids can also be used to control 
intraocular inflam mation. Amniotic membrane grafting, 
corneal collagen cross linking, and corneal transplantation 
could be attempted if the medical treatment is 
inadequate.113

Intraocular lens opacification 
Intraocular lens opacification is uncommon but can 
cause substantial visual deterioration after uneventful 
cataract surgery. There are various opacification patterns, 
including calcification and glistening.114 Surgical 
intraocular lens exchange is the only available option for 
opacified intraocular lenses.

Cataract surgery service provision 
With more than 20 million surgeries performed annually 
worldwide,115 cataract surgery is one of the most cost-
effective health-care procedures.116

The cataract surgical rate (CSR)117 quantifies the 
number of cataract surgeries performed annually per 
million population. In contrast, cataract surgical coverage 
(CSC) is the proportion of individuals with vision-
impairing cataracts who have received cataract surgery. 
CSC is an indicator of how effectively services meet 
needs. Effective cataract surgical coverage (eCSC) 
combines CSC with a measure of the quality of care 
(eg, postoperative visual outcomes).118 eCSC is more 
informative for integrated, people-centred eye care, and 

WHO has proposed including it in the interventions 
needed to achieve universal health coverage and the 
Sustainable Development Goals established by the UN 
member states.119

There can be discrepancies between CSC and eCSC. A 
survey of 67 337 people reported a median eCSC of 36·7% 
(IQR 30·2–50·6%) globally, approxi mately a third lower 
than the median CSC (53·7%, 46·1–66·6%). The biggest 

differences between CSC and eCSC are in Yemen (eCSC 
to CSC ratio 44%), Malawi (eCSC to CSC ratio 47%), and 
Eritrea (eCSC to CSC ratio 51%), reinforcing the fact that 
inequities in surgical quality exist between high-income 
countries and low- income and middle-income countries.100 
This geo graphical variability in visual outcomes after 
cataract surgery can be largely attributed to the quality of 
cataract surgical services and postoperative care.120

Immediate sequential bilateral cataract surgery 
(ISBCS) in routine cataract patients is controversial. 
ISBCS is recommended for patients requiring general 
 anaesthesia,121 as the risk of repeated general anaesthesia 
is higher than the perceived risks of ISBCS. However, 
ISBCS is not recommended for patients with an 
increased risk of infection, corneal decompensation, or 
other complica tions. Clusters of adverse events have 
been reported, making ISBCS seem excessively risky for 
routine cases to some surgeons. With adequate 
preventive procedures, the absolute risk of bilateral 
infection is extremely low nowadays (estimated at one 
in several million world wide);122 routine ISBCS is 
increasingly being used in low-population density 
contexts (eg, Scandinavia or Canada)123 and in locations 
where many elective surgeries have yet to be done due 
to COVID-19-related lockdowns.124

Risks and benefits of cataract surgery 
Cataract surgery has substantial benefits regarding vision 
and health-related quality of life125 and protects against 
unplanned emergency admissions to hospital due to falls 
or hip fractures.126 Furthermore, second-eye surgery is a 
cost-effective intervention.127 Evidence from a longitudinal 
study suggested a 30% reduced risk of developing 
dementia in patients who had cataract extraction,128 which 
might support cataract surgery as a preventive measure 
against dementia. Similarly, cataract surgery might have 
a positive effect on depression.129 Cataract surgery can 
enhance light entrance into the eye and increase 
melatonin secretion, normalising circadian rhythms and 
improving sleep regulation.130

Risks of cataract surgery are related to the progression 
of underlying ocular diseases, such as age-related 
macular degeneration (AMD) and diabetic retinopathy. 
Population-based studies have found an increased risk of 
late AMD after cataract surgery,131 probably due to the 
relationship between inflammation after surgery and 
neurodegeneration. However, data from 2022 have not 
confirmed these results.132 Some studies advocate that 
blue light (not screened by the crystalline lens) might 
induce phototoxic retinal damage, but a 2022 systematic 
review did not find any advantage of blue-light filtering 
intraocular lenses in delaying AMD onset.133 Data on 
diabetic retinopathy progression after cataract surgery in 
people with diabetes are controversial.134 After cataract 
surgery, patients with diabetes might be at higher risk of 
macular oedema than patients without diabetes,102 and 
appropriate measures should be planned before surgery.
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Conflicting associations have been published between 
cataract surgery and mortality. In a population-based 
study in the USA, self-reported cataract surgery (an 
indicator of previous cataract that was visually impairing 
and required cataract extraction) predicted a 13% higher 
risk of all-cause mortality during 10 years and a 
36% higher risk of vascular-related mortality than in 
people with no history of cataract surgery.135 However, in 
a previous US national cohort with cataracts, cataract 
surgery was associated with a 27% decreased hazard of 
all-cause mortality compared with those who did not 
undergo cataract surgery.136 Similarly, in a prospective 
cohort study of 74 044 participants in the Women’s Health 
Initiative with cataracts, cataract surgery was associated 
with decreased risk for all-cause mortality and 
mortality attributed to vascular, cancer-related, accidental, 
neurological, pulmonary, and infectious causes.137 
Although improvements in quality of life and overall 
functioning after cataract surgery support the hypothesis 
that cataract surgery can protect against mortality, further 
studies are needed to examine the mechanisms of this 
association.

Sustainability 
More than 90% of ophthalmic theatre staff in the USA 
believe operating waste (ie, hospital waste attributed to 
operating rooms) to be excessive.138 Regulations 
preventing the reuse of surgical consumables and medi-
ca tions for multiple patients in high-income countries 
enforce practices that are unsustainable.

Cataract surgery substantially contributes to 
greenhouse gas emissions due to health care. A 
2022 scoping review assessing the environmental costs 
of eye-care services reported different greenhouse gas 
emissions produced by cataract services in different 
regulatory settings.139 In one example, a phacoemulsi-
fication cataract extraction in a UK hospital produced 
more than 20 times the greenhouse gas emission of the 
same procedure in an Indian hospital.140 If the aspiration 
of universal health coverage is achieved with a global 
cataract surgical rate of around 8000 operations per 
million population per year, the use of current operating 
practices of high-income countries would mean global 
cataract surgery alone will generate 14·5 metric tonnes 
of CO2 annually, a total larger than the output of many 
countries (eg, Kenya outputs 14·3 Mt).141

An evidence-based approach to surgical sustainability 
is advocated, promoting a change in surgical culture and 
regulations to encourage reusing items and reducing 
environmental costs and the associated risks of climate 
change.

Training 
The ideal number of cataract surgeries needed to 
reduce surgical complications is debatable and ranges 
between 70 and 300.142 Surgeons in their first year of 
independent practice are nine times more likely to have 

complications than experienced surgeons; each 
additional year of practice is associated with 10% decrease 
in the risk of adverse events.143

Training in cataract surgery is more challenging than 
training in macroscopic surgical procedures. Trainees are 
in total control of the operation regardless of their previous 
experience. Moreover, cataract patients are usually awake 
and hear any instructions given by the supervising 
surgeon or comments made by the trainee. Simulation of 
cataract surgery is increasingly being used  in high-
income countries, either in virtual reality, high-fidelity 
synthetic eyes, or in a wet laboratory (ie, a laboratory in 
which dead animal tissues are the basis of the simulation-
based training method). Virtual reality training has been 
shown to reduce operating times, reduce intraoperative 
complications, and increase supervising doctor ratings of 
the quality of surgery in the operating room.144

Conclusions and future research 
Despite the increase in cataract surgery coverage in the 
past two decades, cataract is still the leading cause of 
blindness worldwide. Treatment solely for cataract is 
being used less in favour of comprehensive eye care that 
includes preventive measures, prompt identification of 
cataract cases and referral for surgery, and rehabilitation 
after cataract extraction, but global inequity exists.

The improvement of guidelines and risk stratification 
systems, the widespread use of phacoemulsification, 
and progress in preoperative planning have improved 
surgical safety, refractive outcomes, and patient 
satisfaction. These improvements mean operating at an 
early stage of cataract development is possible.

Challenges remain regarding surgical management of 
refractive errors and presbyopia, and for patients with 
ocular comorbidities. Emerging research has indicated 
that cataract surgery might decrease the risk of dementia, 
depression, and overall mortality, but large-scale studies 
are needed.

As the increasing number of cases of blindness due to 
cataracts is reduced, expected increases in surgical 
volumes will increase both the environmental and 
financial burden of the procedure, and the search for 
sustainable approaches is still an issue. Moreover, 
cataract prevention is an area that has not had many 
developments and will probably continue to be a research 
topic in future.
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