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Abstract 
Background: Cataracts are a leading cause of preventable blindness worldwide, particularly affecting older adults. This condition, 

characterized by the clouding of the eye's lens, can significantly impair vision and daily activities. Early stages may be asymptomatic, but as 

the cataract progresses, visual function is severely compromised. Cataract surgery remains the gold standard treatment, offering high success 
rates. However, the pathophysiology of cataracts, including the role of oxidative stress and other risk factors, continues to drive innovations in 

diagnosis and treatment. 

Aim: The purpose of this article is to explore the advancements in cataract management, particularly focusing on new diagnostic tools, 
treatment options, and nursing interventions that can enhance patient outcomes. 

Methods: The article reviews recent studies on the pathophysiology of cataracts, particularly the role of reactive oxygen species (ROS) in 

lens opacification. It examines advancements in diagnostic techniques and treatment protocols, including surgical innovations and 
postoperative care. The role of nursing interventions in managing physical and emotional symptoms associated with cataracts is also 

discussed. 

Results: Current advancements in cataract management focus on refining diagnostic methods, such as enhanced imaging techniques, and 

improving surgical outcomes with the use of advanced intraocular lenses (IOLs). Research on antioxidant therapies and new surgical 

technologies like femtosecond lasers is ongoing. Nursing interventions have proven effective in managing symptoms such as eye discomfort 

and anxiety, significantly improving the quality of life for cataract patients. 
Conclusion: Advancements in cataract management, including early detection, improved surgical techniques, and enhanced nursing care, 

have significantly improved patient outcomes. Continued research into the role of oxidative stress and antioxidant therapies holds promise for 

future treatments. 
Keywords: Cataract, Oxidative Stress, Intraocular Lens, Nursing Interventions, Cataract Surgery, Antioxidants, Visual Impairment. 

1. Introduction 

A cataract is defined as the clouding or 

opacification of the eye's clear lens or its capsule, which 

interferes with the transmission of light to the retina. This 

pathological condition can lead to significant visual 

impairment. Although it may affect individuals of all ages, 

cataracts are predominantly observed in older adults. The 

condition can present bilaterally and varies in its severity 

and rate of progression. In its early stages, cataracts 

typically do not interfere significantly with routine 

activities, as the lens retains some transparency. However, 

as the disease progresses, particularly in individuals in their 

fourth or fifth decade of life, the cataract often matures. 

This results in the lens becoming completely opaque, thus 

obstructing light passage and substantially impairing visual 

function. Cataracts remain one of the leading causes of 

preventable blindness globally, underscoring their clinical 

and public health significance. Management strategies for 

cataracts depend on the stage of the disease. In the early 

phases, corrective refractive glasses may provide temporary 

improvement in vision. However, once the cataract reaches 

a stage where it interferes with daily life, surgical 

intervention becomes the standard treatment. Cataract 

surgery, a highly effective procedure, involves the removal 

of the opacified lens and its replacement with an artificial 

intraocular lens. The success rate of this intervention is 

exceptionally high, restoring vision and significantly 

improving patients’ quality of life. Due to its prevalence 

and impact on global health, cataract management 

necessitates early diagnosis and timely intervention to 

prevent irreversible visual impairment and improve 

functional outcomes. 

Physiology of the Lens: 

There are several different ocular diseases that 

affect the anterior portion of the eye, but cataracts are the 

most common. One of the main causes of blindness 

worldwide is cataracts, which are defined by the 

progressive opacification of the normally transparent lens. 

If left untreated, this opacification can cause blindness by 

changing how light is refracted [1]. The prevalence of 

moderate to severe cataract-related vision impairment has 

increased by around 30% throughout the last three decades 
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[1]. According to the World Health Organization, the 

disability-adjusted life years (DALYs), a measure that 

combines years of life lost due to premature death and 

years lived with disability, increased by 91.2% between 

1990 and 2019 [2], indicating a significant burden of 

cataracts. Furthermore, the projected cost of cataracts to the 

world economy is 3654 USD per capita purchasing power 

parity (ppp) [3]. Some socioeconomic effects have been 

lessened by notable developments in surgical management. 

However, there are still gaps in access to ophthalmological 

care, especially for some ethnic groups and individuals 

with lower socioeconomic status [4,5,6]. 

Numerous variables contribute to 

cataractogenesis, but the most frequent underlying cause is 

age-related changes [7]. Additional risk factors include 

traumatic injuries (e.g., electrical shock, UV or ionizing 

radiation, blunt or penetrating trauma, and chemical 

exposure), endocrine and systemic diseases (e.g., diabetes 

mellitus, myotonic dystrophy, and neurofibromatosis type 

2), primary ocular conditions, certain medications, poor 

nutrition, alcohol use disorder, and smoking [7]. Reactive 

oxygen species (ROS) play a key role in cataract 

development and have been the subject of much research 

recently [8,9,10]. Cell signaling mechanisms that control 

cell development and death are disrupted by antioxidant 

depletion and the resulting buildup of ROS, which leads to 

cataractogenesis. This review looks at lens physiology and 

the etiology of cataracts, with an emphasis on the critical 

function of ROS, in order to improve our understanding of 

new approaches to treating cataract formation. As of right 

now, there are no set recommendations for the use of 

antioxidants in the prevention or treatment of cataracts. 

There is still little research on the clinical usefulness of 

these medicines in the treatment of cataracts. The purpose 

of this study is to objectively assess the drawbacks of 

antioxidant therapies and present potential directions for 

future research from a clinical practice perspective. 

A key component of vision and a characteristic 

that distinguishes optical materials is the refractive index. 

Light passes via the cornea, lens, and vitreous humor, 

among other tissues in the eye, where it is refracted and 

reflected. Vision loss seen in cataractogenesis can be 

caused by structural changes in these components that 

destabilize the refractive index. This review dives into the 

pathophysiology of cataract formation, highlighting the 

function of ROS, and examines the physiology and 

regulatory mechanisms of the human lens under 

endogenous and external stress. The lens is constantly 

exposed to oxidative stress from both exogenous (such as 

UV, ionizing, and gamma radiation) and endogenous (such 

as inflammation and metabolic activities) sources. Long-

term exposure to these stresses causes opacification of the 

lens, which lowers the lens's high refractive index. The lens 

capsule, epithelium, fibers, and zonules are the four 

separate sections that make up the human lens, which is a 

biconvex, transparent structure that is developed from 

surface ectoderm. The lens capsule is a thin, translucent 

layer that is mostly made up of laminin and type IV 

collagen. It lacks elastic tissue but has elastic qualities [11]. 

The central, intermediate, and germinative zones are the 

three divisions of the epithelial layer [12]. Cuboidal 

epithelial cells with apical nuclei and no mitotic activity are 

found in the central zone. As we age, the number of these 

cells decreases. Epithelial cells undergo mitosis and shrink 

to a cylindrical shape in the intermediate zone. Columnar 

epithelial cells in the germinative zone, which is situated 

pre-equatorially, are actively dividing to create lens fibers. 

These fibers travel posteriorly and organize in a certain 

three-dimensional pattern to form the lens cortex and 

nucleus. Cysteine-based lens zonules are essential for 

accommodation, although they regress with age [13]. 

Abnormalities in these mechanisms provide the basis for 

the clinical classification of cataracts. For example, 

metaplasia in the central zone is linked to anterior 

subcapsular cataracts, whereas equatorial cell migration to 

the posterior capsule causes posterior capsule opacification. 

The spatial arrangement of lens fibers and the 

solubility of crystallin proteins are the major factors that 

preserve the lens's transparency, which gives it its high 

refractive index [14]. The lens contains three different 

forms of crystallins: α-, β-, and γ-crystallins. These 

crystallins are susceptible to both endogenous and external 

stresses and go through post-translational changes [15]. The 

most common protein among these is α-crystallin, which is 

a member of the small heat shock protein (sHSP) family 

[16,17]. By preventing heat-induced protein aggregation, α-

crystallin demonstrates chaperone-like activity in addition 

to maintaining structural integrity that is essential for the 

lens's refractive qualities. It guarantees correct protein 

folding and stops aggregation by attaching to denatured 

proteins [16]. In order to prevent cataract development, the 

ubiquitin–proteasome system in lens fibers makes it easier 

to identify and break down damaged proteins [18]. The two 

isoforms of α-crystallin are αA- and αB-crystallins. Despite 

not belonging to the sHSP family, β- and γ-crystallins also 

have structural roles that are essential for lens stability and 

transparency, which eventually affect the refractive index 

[19]. 

There are different types of cataracts caused by 

lens opacification, including nuclear, posterior subcapsular, 

cortical, and mixed cataracts. To combat excessive reactive 

oxygen species (ROS) and postpone opacification in the 

early phases, the lens has strong antioxidant mechanisms 

(Figure 1). An large network of gap junctions serves as the 

body's first line of defense against oxidative stress by 

promoting intercellular communication and facilitating the 

passage of antioxidant molecules up to 1 kDa [20,21]. 

Connexin-43 (Cx43), Connexin-46 (Cx46), and Connexin-

50 (Cx50) are the three isoforms of connexin channels that 

make up gap junctions in the lens [22]. These channels 

facilitate the movement of glucose and antioxidants, control 

lens microcirculation, and preserve hydrostatic pressure 

under fluid shear stress [23, 24]. Nuclear factor-erythroid 2-

related factor 2 (Nrf2), a transcription factor that controls 

the expression of antioxidant enzymes such glutathione 

(GSH), superoxide dismutase (SOD), catalase, and heat 

shock proteins (HSPs), mediates antioxidant regulation in 

the lens [25,26]. Under typical circumstances, the 

ubiquitin-proteasome pathway is used by Nrf2's regulator, 

kelch-like ECH-associated protein 1 (Keap1), to block it 

[27]. Nevertheless, Nrf2 dissociates from Keap1 in 

response to oxidative stress, which permits its nuclear 

translocation and the subsequent activation of antioxidant 

genes through the antioxidant response element (ARE) 

[14,28]. The endoplasmic reticulum (ER) stress pathway 

regulates this regulatory mechanism [28]. Research has 

shown that oxidative stress caused by hydrogen peroxide 

(H2O2) activates Nrf2 and activating transcription factor 4 

(ATF4), which in turn promotes the production of 

antioxidant enzymes that are dependent on ARE [28]. 
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Protein kinase RNA-like endoplasmic reticulum kinase 

(PERK), inositol-requiring enzyme 1 (IRE1), and ATF6 are 

the three signaling pathways that concurrently cause the 

unfolded protein response (UPR) in response to ER stress 

[29]. By coordinating the production of proteins necessary 

for folding and breaking down misfolded proteins, these 

pathways stop cataract development. 

Enzymatic and non-enzymatic antioxidants are 

the two categories into which the lens's antioxidative 

mechanisms fall. Glutathione peroxidase (GPX), catalase, 

and SOD are examples of enzymatic antioxidants. By 

catalyzing the transformation of superoxide molecules into 

oxygen and water, SOD keeps lens epithelial cells (LECs) 

from going through apoptosis [30,31]. By breaking down 

hydrogen peroxide into water and oxygen molecules, 

catalase stops lens cell apoptosis and the pro-apoptotic 

effects of transforming growth factor-beta (TGF-β) [32, 

33]. In a similar vein, GPX guards against oxidative 

damage, and in animal models, its absence has been 

connected to an accelerated development of age-related 

cataracts [34, 35]. GSH, vitamin C, and vitamin E are 

examples of non-enzymatic antioxidants that are essential 

for preserving redox equilibrium. Lens opacification is 

avoided, and toxic oxidants are detoxified by GSH, which 

is abundant in the lens [36–39]. LEC survival has been 

demonstrated to be protected by pharmacological 

treatments that increase GSH levels [40]. Similarly, in 

LECs, vitamins C and E reduce oxidative stress [41]. The 

development of cataracts and the operation of antioxidant 

systems are strongly influenced by genetic and 

environmental variables. According to a 2000 study by 

Hammond et al., environmental factors contribute 15% of 

the variation in cataract severity, whereas genetic factors 

account for roughly 50% [42]. According to more recent 

research by Zhu et al., DNA hypermethylation is a 

mechanism that accelerates the development of cataracts in 

LECs by suppressing the expression of important 

antioxidant genes including GSTP1 and TXNRD2 [43]. 

Conversely, LEC apoptosis is accelerated by environmental 

stresses like UV radiation. Extensive outdoor exposure 

raised the risk of cortical cataracts, according to a 

retrospective Icelandic study [44, 45]. Although it is 

impossible to change genetic predispositions, cataract 

incidence may be decreased by reducing environmental risk 

factors. Such recommendations should be handled 

carefully, though, as more research is necessary given the 

lack of solid data. 

 
Figure 1: Schematic representation of antioxidant 

mechanisms in the human lens epithelium. 

Damage Caused by Oxidation: 

The critical involvement of oxidative stress in the 

development of various ocular disorders has been 

extensively examined in prior research [46,47,48]. 

Dysfunctions in the antioxidative defense mechanisms 

within the human lens lead to protein aggregation, which is 

a central factor in lens opacification and cataract formation. 

A recent retrospective analysis revealed that patients with 

advanced cataracts exhibited significantly lower total 

antioxidant levels in their aqueous humor compared to 

those with less severe forms. However, no substantial 

differences were noted based on the subtype of cataract, 

such as nuclear, posterior subcapsular, or mixed varieties 

[49]. This section examines the principal characteristics of 

reactive oxygen species (ROS)-mediated cataractogenesis, 

emphasizing the latest advancements. 

Antioxidative Systems 

In order to maintain redox equilibrium in the 

lens, connexins are essential. Research has shown that 

oxidative stress brought on by H2O₂ and UVB causes lens 

epithelial cells' Cx43 hemichannels (HCs) to become 

active. This creates an antioxidative environment by 

promoting the synthesis and absorption of glutathione 

(GSH) [50]. Likewise, Cx43 HCs are activated by fluid 

flow shear stress, which promotes the release of GSH, 

which is then taken up by lens fiber cells through Cx50 

HCs. In differentiated lens epithelial cells, inhibiting Cx50 

HCs increases H₂O₂-induced apoptosis [51]. As a strong 

antioxidant, reduced GSH stops the buildup of ROS. In a 

rat model generated by sodium selenite, topical GSH 

dramatically reduced cataract formation [52]. Furthermore, 

oxidative stress was encouraged by Cx43 

haploinsufficiency in mice's lenses, which aided in the 

development of cataracts. The anterior and equatorial 

epithelial areas of heterozygous Cx43-null animals showed 

decreased levels of glutathione peroxidase (GPX1) and 

superoxide dismutase (SOD1) [50]. These results highlight 

how crucial connexin HCs are to preserving the lens's 

antioxidative milieu. 

Protein Aggregation, Cross-Linking, and Light-

Scattering 

Light-scattering aggregates of damaged 

crystallins are often formed during cataractogenesis. It is 

well known that the human lens, which is incapable of 

turnover proteins, aggregates α-, β-, and γ-crystallins [53–

58]. As molecular chaperones, α-Crystallins stop 

aggregation accumulation and protein misfolding. 

However, by creating disulfide linkages, causing liquid–

liquid phase separations, and encouraging domain shifting, 

post-translational changes such oxidation, deamination, and 

tryptophan derivatization cause lens opacities and age-

related cataracts [59–64]. UV light produces reactive 

oxygen species (ROS), which oxidize α-crystallin amino 

acids such as cysteine, tryptophan, and methionine, causing 

oligomerization and cross-linking [65,66]. According to 

recent research, α-crystallins' chaperone action is enhanced 

by low Cu(II) concentrations, which prevent aggregation by 

preserving surface stability [55]. On the other hand, these 

proteins become unstable due to age-related deamination of 

γ-crystallins, which makes them more vulnerable to 

oxidation and aggregation formation [67–68]. It has been 

demonstrated that exogenous ATP inhibits γS-crystallin 

aggregation, establishing a connection between 

cataractogenesis and ATP depletion [69]. Furthermore, 

cholesterol and cholesterol bilayer domains (CBDs) control 

how αB-crystallins interact with lens lipid membranes; 
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increased cholesterol and CBD concentrations decrease 

membrane hydrophobicity, which in turn decreases 

crystallin binding [70,71]. Further contributing to 

cataractogenesis are genetic alterations in crystallins, such 

as the D109H and R69C variants in αB-crystallins and the 

S39C variant in γS-crystallins, which speed up protein 

denaturation and increase sensitivity to environmental 

stimuli [72–74]. Overall, oxidative stress, which impairs 

antioxidant systems and intensifies endoplasmic reticulum 

(ER) stress, is the main cause of the intricate pathway of 

cataract formation. 

Lipid Peroxidation and Membrane Integrity Loss 

One well-known contributing element to 

cataractogenesis is lipid peroxidation, which compromises 

membrane integrity. ROS are produced by the free radical 

oxidation of polyunsaturated fatty acids in this self-

propagating process [75,76]. Higher concentrations of lipid 

peroxidation products have been seen in the aqueous humor 

of patients with senile and complex cataracts [77]. Lipid 

peroxidation breaks down connections within lenticular 

fiber membranes. According to recent data, nuclear 

cataracts show increased protein aggregation, whereas 

cortical cataracts show clouding of the lens due to lipid 

peroxidation [78]. This process makes lens epithelial cells 

(LECs) more vulnerable to ferroptosis, which is 

characterized by intracellular redox-active iron buildup and 

downregulation of the ferroportin gene (SLC40A1) [79, 

80]. It has been demonstrated that LEC viability under lipid 

peroxidation stress is improved by pretreatment with strong 

antioxidants such as N-acetylcysteine amide (NACA), N-

acetylcysteine (NAC), and GSH; NACA exhibits greater 

efficiency through GSH upregulation and ROS reduction 

[40]. While keratinocyte growth factor-2 (KGF-2) has 

cytoprotective effects against oxidative damage by 

regulating the production of antioxidant enzymes and 

apoptotic markers, aldose reductase, a NADPH-dependent 

oxidoreductase, helps detoxify LECs after lipid 

peroxidation [81,82]. Through its effects on LEC function 

and integrity, these findings demonstrate that lipid 

peroxidation is a key driver of cataractogenesis. Creating 

techniques to combat lipid peroxidation, such as increasing 

the activity of antioxidant enzymes, offers a possible path 

toward cataract prevention. 

Nursing Diagnosis 

In clinical practice, nursing assessments for 

patients with cataracts often identify a range of physical 

and emotional symptoms that significantly impact their 

quality of life. Poor vision is the most commonly reported 

issue, accompanied by blurred vision and visual 

disturbances such as halos around lights. These symptoms 

result from the progressive clouding of the lens, which 

impairs light transmission and reduces visual acuity. Many 

patients also experience eye discomfort, which may include 

sensations of strain or irritation due to the increased effort 

required for visual tasks. Anxiety is another frequently 

observed symptom, as the fear of potential blindness or 

reduced independence can exacerbate psychological 

distress. These manifestations necessitate a patient-centered 

nursing approach that addresses both the physical 

symptoms and the associated emotional burden. Nursing 

care for cataract patients includes providing clear 

information about the condition and available treatment 

options, which helps alleviate anxiety and fosters informed 

decision-making. Eye discomfort may be managed through 

supportive measures, such as recommending appropriate 

lighting conditions and minimizing activities that strain the 

eyes. Additionally, healthcare professionals must be 

vigilant in assessing the progression of symptoms to ensure 

timely referrals for ophthalmological evaluation and 

intervention. By adopting a holistic approach that 

encompasses physical care and emotional support, nursing 

interventions play a pivotal role in improving patient 

outcomes. This comprehensive care approach not only 

addresses immediate symptoms but also helps patients 

navigate the challenges associated with cataract-related 

vision loss, thereby enhancing their overall quality of life. 

Causes 

The etiology of cataracts is multifaceted, 

involving a combination of genetic, environmental, and 

systemic factors. Congenital cataracts, which may occur 

unilaterally or bilaterally, are often linked to maternal 

malnutrition, infections such as rubella or rubeola, and 

oxygen deprivation caused by placental hemorrhage. These 

early-life exposures disrupt lens development, leading to 

varying degrees of opacity. Congenital cataracts represent a 

significant cause of pediatric vision loss, underscoring the 

importance of maternal health during pregnancy. 

Senile cataracts, the most common form, are age-

related and predominantly affect older adults. This type of 

cataract is characterized by a gradual accumulation of 

protein aggregates and oxidative stress within the lens, 

leading to its opacification. Traumatic cataracts, in contrast, 

are often unilateral and result from specific injuries, such as 

blunt trauma, which produces flower-shaped opacities, or 

perforating trauma, which disrupts the lens structure. Other 

rare causes include electric shocks, which create diffuse 

milky-white opacities, and intense ultraviolet or ionizing 

radiation exposure, often linked to occupational hazards or 

medical treatments such as ocular tumor radiotherapy. 

Systemic conditions like myotonic dystrophy, atopic 

dermatitis, and neurofibromatosis type 2 have been 

associated with cataractogenesis, as have endocrine 

disorders such as diabetes mellitus and hypothyroidism. 

Primary ocular diseases, including chronic anterior uveitis 

and hereditary fundus dystrophies such as retinitis 

pigmentosa, are well-documented contributors. Lifestyle 

factors, including smoking, poor nutrition lacking 

antioxidants, and excessive alcohol consumption, further 

exacerbate cataract development. This diverse range of 

causes highlights the complexity of cataractogenesis and 

the need for targeted preventive strategies to address its 

multifactorial origins [83-86]. 

Risk Factors 

Prevalence and Incidence 

Research conducted in 2010 highlights that 

cataracts are predominantly prevalent among White 

Americans, with rates ranging from 17% to 18% per 100 

individuals. Black Americans exhibit the second-highest 

prevalence at approximately 13%, followed by Hispanics at 

nearly 12%. These findings underscore the racial and ethnic 

disparities in the prevalence of cataracts, likely influenced 

by genetic, environmental, and socioeconomic factors. The 

onset of cataracts is typically gradual and progressive, 

frequently manifesting in individuals within their fifth and 

sixth decades of life. However, the condition is not 

exclusive to this demographic, as cases have also been 

documented in children and the elderly, suggesting a 

broader age-related spectrum of risk. Epidemiological 

studies reveal a gender disparity in cataract prevalence, 

with women being more affected than men. The male-to-
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female ratio stands at approximately 1:1.3, reflecting a 

slightly higher susceptibility among females. Hormonal 

influences and differences in healthcare-seeking behavior 

may contribute to this disparity. 

Assessment 

History 

Patients with cataracts typically present with a 

range of symptoms that vary depending on the stage and 

type of cataract. Common complaints include a gradual and 

painless decrease or blurring of vision, which may affect 

one or both eyes and may persist despite corrective glasses 

at advanced stages. Uniocular or binocular diplopia, or the 

perception of multiple images, can occur due to irregular 

light refraction through lens opacities. Colored halos 

around light sources, often described as rainbow-like 

patterns, are attributed to water droplets accumulating 

between lens layers, acting as prisms. Patients may also 

report increased sensitivity to glare, especially from 

automobile headlights and sunlight, as well as a progressive 

need for frequent changes in refractive prescriptions. 

Disturbances in color perception, such as the yellowing or 

fading of objects, are additional symptoms often described 

by affected individuals. 

Physical Findings 

A comprehensive ophthalmic examination may reveal 

various findings based on the affected part of the lens: 

 Visual Acuity: Patients exhibit diminished visual 

acuity in one or both eyes, contingent upon the 

severity and location of the cataract. 

 Cortical Cataract: Early stages involve wedge-

shaped opacities with clear lens areas, 

progressing to advanced stages marked by 

greyish lenses and shallow anterior chambers due 

to fluid accumulation. In hypermature cortical 

cataracts, the cortex may liquefy, leading to a 

milky appearance and shallow anterior chambers. 

 Nuclear Cataract: This type is characterized by 

dark brown or black discoloration of the lens, 

absence of fundal views, and loss of the fourth 

Purkinje image. 

 Systemic Diseases: Certain systemic conditions 

are associated with specific cataract types. For 

example, diabetes mellitus is linked to snowflake 

cortical opacities, while myotonic dystrophy and 

atopic dermatitis are associated with unique 

patterns of cortical or subcapsular cataracts. 

Evaluation 

Clinical Assessment 

Cataract evaluation begins with a detailed 

medical history to determine the primary complaint, any 

previous ocular conditions, and systemic illnesses that may 

contribute to symptom progression. A comprehensive 

ophthalmic examination is essential and includes the 

following: 

 Visual Acuity Testing: Using a Snellen chart to 

gauge disease severity and its impact on daily 

activities. 

 Refraction Testing: Helps in planning 

management and determining the need for 

surgical intervention. 

 Cover Test: Identifies any squint caused by poor 

vision from cataracts. 

 Slit-Lamp Examination: Essential for assessing 

the anterior and posterior segments of the eye. 

 Pupillary Responses: Evaluates the shape, 

afferent and efferent pathways, and relative 

afferent pupillary defects. 

 Adnexal Examination: Identifies any coexisting 

conditions, such as blepharitis or chronic 

conjunctivitis, that may predispose patients to 

postoperative complications. 

 Lens Evaluation: Determines the type and 

consistency of the cataract, which influences 

surgical technique. 

Diagnostic Investigations 

Various diagnostic tools and tests support cataract 

diagnosis and surgical planning: 

 Intraocular Pressure Measurement: Rules out 

concurrent glaucoma. 

 Dark Room Tests: Includes direct and indirect 

ophthalmoscopy. 

 Fundoscopy: Assesses retinal and vitreous 

conditions that may affect postoperative 

outcomes. 

 Biometry: Crucial for selecting and positioning 

intraocular lenses during surgery. 

 Peripheral Retinal Assessment: Evaluates light 

projection across all quadrants. 

 Macular Function Testing: Includes methods 

like Maddox rod and foveal electroretinograms to 

assess macular health. 

 Ultrasound Imaging: B-scan ultrasound is used 

to identify retinal detachment or vitreous 

abnormalities. 

 Systemic Evaluation: Includes blood glucose 

levels, echocardiography, and other baseline tests 

to assess overall fitness for surgery. 

This structured approach ensures a 

comprehensive evaluation of cataracts, addressing both 

ophthalmic and systemic considerations to optimize patient 

outcomes. The approach to managing cataracts depends on 

the severity of lens opacity and its impact on daily 

functional activities. Treatment options encompass both 

medical and surgical interventions tailored to the individual 

patient’s condition. 

Medical Management: 
When visual acuity is 6/24 or better, conservative 

management often suffices. Pupillary dilation using 2.5% 

phenylephrine or corrective refractive glasses can enable 

patients to maintain routine activities. Additionally, 

cyclopentolate and atropine may provide symptomatic 

relief. Innovative cataract-dissolving eye drops are 

currently under experimental investigation, offering 

potential non-invasive solutions in the future. However, 

medical interventions are generally considered inadequate 

for mature cataracts. 

Surgical Management: 
For patients with visual acuity worse than 6/24 or 

those experiencing complications such as phacolytic 

glaucoma, phacomorphic glaucoma, or retinal detachment, 

surgical intervention becomes necessary. Surgical methods 

vary based on the type and stage of the cataract: 

1. Congenital Cataracts: If visual acuity is better 

than 6/24, no immediate treatment is required 

apart from refractive glasses to address blurring 

or diplopia. However, if visual acuity deteriorates 

below 6/24, surgical options include irrigation 

and aspiration of the lens, irrigation and 

aspiration with intraocular lens (IOL) 
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implantation, or a combination of lens extraction, 

anterior vitrectomy, and primary posterior 

capsulotomy. These approaches are determined 

by the severity of symptoms and patient-specific 

factors [87]. 

2. Senile Cataracts: Medical treatments are 

ineffective for mature cataracts, necessitating 

surgical removal. Common techniques include: 

o Extracapsular Cataract Extraction 

(ECCE): This is the preferred method 

for managing mature cataracts with a 

hard nucleus. 

o Intracapsular Cataract Extraction 

(ICCE): This outdated method is now 

rarely used due to its associated 

complications. 

o Phacoemulsification: A refined 

version of ECCE, this technique 

minimizes astigmatism and facilitates 

faster visual recovery. 

o Laser Phacolysis: This cutting-edge 

approach is under trial and promises 

innovative advancements in cataract 

management [88][89]. 

Indications of Cataract Surgery: 

The main method of treating cataracts is to 

remove the opacified lens surgically and then implant an 

artificial intraocular lens. The use of lanosterol eye drops to 

reverse lens clouding has showed promise in animal 

research, but it is still not practical for human use [90]. 

Although cataract surgery is one of the most common 

operations done worldwide, exact statistics about its 

prevalence are not easily accessible. According to the 

Federal Joint Committee (G-BA) in cooperation with the 

German Society for Intraocular Lens Implantation (DGII), 

the Association of Ophthalmologists in Germany (BVA), 

the Association of German Ophthalmic Surgeons (BDOC), 

and the German Ophthalmological Society (DOG), it is 

estimated that 600,000 to 800,000 cataract surgeries are 

performed in Germany each year (e1). These numbers 

come from yearly surveys that are available on the DGII 

website (e2), however low response rates, such the 22% 

participation rate in the 2020–21 survey, undermine their 

validity. Accurate statistical data collection is made more 

difficult by the variety of invoicing systems, including 

structural contracts, and the lack of a national registry. 

Significant vision impairment or increased sensitivity to 

glare are the main reasons for cataract surgery. Age-related 

lens thickening can sometimes cause the anterior chamber 

to flatten and the chamber angle to narrow, which raises 

intraocular pressure. Surgery may be necessary for this 

problem, which primarily affects hyperopic people with 

shallow anterior chambers or short axial lengths [91]. Other 

indications include cases where an opacified lens prevents 

retinal surgery and traumatic cataracts caused by lens 

damage, especially if lens edema occurs. Cataracts are not 

the only lens treatments that can be performed using 

refractive lens surgery or refractive lens exchange (RLE). 

Presbyopia and excessive ametropia are treated with this 

elective surgery in order to achieve emmetropia using 

artificial lenses. However, because RLE replaces a non-

opacified lens, it differs from cataract surgery. It is crucial 

to understand that early natural lens replacement impairs 

accommodation, which affects the eye's capacity to focus 

on both close and far objects without the use of visual aids. 

Since there is no definitive medical rationale for RLE, 

doctors must establish informed consent by offering 

thorough preoperative counseling [92-94]. 

Types of Anesthesia 
The first ophthalmic procedure under topical 

anesthesia was conducted by Carl Koller in 1884, utilizing 

cocaine drops [e3]. Since that time, ophthalmic surgeries 

have predominantly been performed under local or topical 

anesthesia. Local anesthetics can be administered topically 

as drops or gels to the conjunctiva and cornea, or they can 

be injected intracamerally into the anterior chamber of the 

eye, effectively numbing the intraocular structures [95]. 

The intracameral method, when used in combination with 

topical anesthesia, is considered safe and helps reduce pain 

during surgical procedures. Furthermore, a pupil-dilating 

drug can be concurrently injected with the intracameral 

anesthetic [96]. In addition to topical and intracameral 

administration, local anesthesia may also be administered 

through retrobulbar or peribulbar injections, which are 

injected behind or next to the eye, or sub-Tenon’s 

anesthesia, which targets the connective tissue layer 

surrounding the globe. Retrobulbar injections can be 

particularly useful for pharmacological immobilizing the 

eye, which may help prevent complications caused by 

unintended eye movements during surgery. However, eye 

immobilization is not mandatory for cataract surgery, 

especially when considering the additional risks associated 

with retrobulbar anesthesia. Among the drawbacks of local 

anesthetic injections are the discomfort associated with the 

injection itself, the risk of perforating the eye and impairing 

vision, and the potential for intraorbital hemorrhage [97]. 

To mitigate these risks, anticoagulation therapy should be 

temporarily halted or replaced with heparin before surgery, 

provided there are no medical contraindications [98]. In 

addition to local anesthetics, other anesthesia methods, 

such as analgesia/sedation and general anesthesia, can also 

be utilized. Analgesia/sedation involves the administration 

of topical analgesics combined with intravenous analgesics 

and sedatives, while allowing the patient to breathe 

independently during the surgery. In contrast, general 

anesthesia requires the patient to be ventilated with a 

laryngeal mask or endotracheal tube, ensuring the airway is 

secure throughout the procedure. 

Advantages and Disadvantages of Anesthesia Types 
Topical anesthesia (drop/gel) is widely regarded 

for its low complication rates and safety, providing 

effective intraoperative analgesia. However, it does not 

immobilize the eye, which may not be suitable for all 

patients and necessitates a highly experienced surgeon. 

Intracameral anesthesia is considered safe and can be 

combined with both topical anesthesia and intracameral 

pupillary dilation. However, it cannot serve as the sole 

anesthetic method for cataract surgery. Injection anesthesia, 

including retrobulbar, peribulbar, or sub-Tenon’s 

injections, offers more effective analgesia than topical 

anesthesia and can provide additional immobilization of the 

eye, depending on the injection method. Despite these 

benefits, it carries risks such as bleeding, perforation of the 

eye, slower recovery of vision, and unreliable 

immobilization, depending on the specific technique used. 

Analgesia/sedation offers the benefit of anxiolysis, but it is 

less controllable, lacks airway protection, and can cause 

paradoxical reactions such as agitation to certain 

medications. General anesthesia is considered safe and is 

often the method of choice in complex surgeries, pediatric 
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cases, or when the patient prefers it. However, it is 

associated with anesthesia-related complications, requires 

perioperative monitoring, incurs higher costs, and demands 

additional equipment and materials. 

Surgical Techniques and Intraocular Lenses 
Monofocal intraocular lenses (IOLs) are designed 

with a single focal point, allowing the refraction to be set 

for either distance or near vision. Bifocal lenses, on the 

other hand, offer two focal points: one for near and one for 

distance vision. Trifocal lenses expand this concept further 

by adding an intermediate focal point, providing improved 

visual acuity at all ranges. 

General Anesthesia in Cataract Surgery 
General anesthesia is typically employed during 

cataract surgery for pediatric patients, individuals who are 

poorly compliant, those with confirmed allergies (e.g., to 

local anesthetics), patients with claustrophobia, and in 

cases of particularly complex surgeries. Historically, the 

couching technique, used over a thousand years ago, 

involved displacing the opacified lens out of the optical 

axis by pushing it back into the eye (reclination) or 

attempting to remove it with a hollow needle. The 1950s 

and 1960s saw the advent of intracapsular cataract 

extraction (ICCE), wherein the lens and the entire capsular 

bag were removed through a large corneal incision using a 

cryoprobe. This technique was further refined with 

extracapsular cataract extraction, where the entire lens 

nucleus was extracted, leaving the capsular bag intact, thus 

facilitating the implantation of an artificial lens either 

within or in front of the capsular bag. These techniques laid 

the foundation for modern-day cataract surgery, which is 

now performed with significantly fewer complications and 

on an outpatient basis. Notable advancements include 

phacoemulsification and the development of foldable 

intraocular lenses that can be implanted through small 

incisions. The introduction of ultrasound technology in 

cataract surgery, specifically with piezoelectric elements 

and specialized suction pumps, marked a significant 

milestone. Charles Kelman (1930–2004) was a pivotal 

figure in developing phacoemulsification techniques for 

lens removal [e7, e8]. This innovation allowed cataract 

surgery to be performed through smaller incisions, 

preserving the capsular bag for foldable lens implantation 

[e9]. Ultrasound phacoemulsification is now considered the 

gold standard for cataract surgery. In contemporary cataract 

surgery, the eye's interior is accessed following appropriate 

anesthesia and surface disinfection. These accesses enable 

the injection of intracameral anesthetics, mydriatic agents 

for pupil dilation, and viscoelastic agents to stabilize the 

anterior chamber. The anterior lens capsule is then opened 

(capsulorrhexis), and the lens is fragmented 

(phacoemulsification) and aspirated. Once all fragments, 

including the cortex, are removed, the artificial lens is 

implanted into the capsular bag. At the conclusion of the 

procedure, the incisions are sealed through corneal edema, 

eliminating the need for sutures. 

Ultrasound-Based Phacoemulsification 
Ultrasound-based phacoemulsification remains the standard 

technique in cataract surgery. 

Innovations in Cataract Surgery: Femto- and 

Nanosecond Lasers 
Recent innovations in cataract surgery include the 

incorporation of femtosecond and nanosecond lasers 

alongside ultrasound-based phacoemulsification 

(femtosecond-laser-assisted cataract surgery, FLACS). 

These laser technologies are intended to reduce the amount 

of ultrasound energy required for lens nucleus 

fragmentation. They also aim to enhance the precision and 

safety of various steps in cataract surgery, with the 

expectation that they may improve refractive accuracy. 

Currently, femtosecond lasers are used for capsulorrhexis, 

lens nucleus fragmentation, and creating access points into 

the eye. However, after pre-processing the lens with the 

laser, conventional ultrasound techniques are still employed 

to aspirate the lens fragments. The nanolaser, in contrast, is 

capable of both fragmenting and aspirating the lens, fully 

replacing ultrasound technology. Although femto- and 

nanosecond lasers are occasionally combined, this all-laser 

approach remains rare in practice. 

Lasers in Cataract Surgery: Ongoing Debate 
The additional benefits of various laser systems 

in cataract surgery have been a topic of ongoing debate 

since their introduction [e10]. Some studies suggest 

potential advantages in parameters such as corneal 

endothelial cell morphology, central corneal endothelial 

cell density, and postoperative corneal thickness when 

comparing femtosecond-laser-assisted surgery to 

conventional phacoemulsification [99, 100]. However, 

these studies primarily focus on surrogate markers and lack 

multicenter randomized trials to substantiate their findings. 

A 2016 Cochrane review could not confirm the superiority 

of laser-assisted cataract surgery due to the limitations in 

study designs and insufficient evidence [101]. Similarly, a 

2020 prospective, patient-blinded, multicenter randomized 

clinical trial from France, known as the FEMCAT trial, 

failed to demonstrate the superiority of femtosecond lasers 

over conventional phacoemulsification. Additionally, given 

the higher costs of femtosecond lasers, the study suggested 

that the cost-effectiveness of these lasers in the French 

healthcare system was negative [102-103]. Currently, the 

use of lasers in cataract surgery is not reimbursed by health 

insurance in Germany, though patients may opt to pay for 

the procedure privately. 

Pre-Surgical Optimization: 
For optimal surgical outcomes, pre-existing 

systemic conditions must be stabilized. These include 

diabetes mellitus, hypertension, myocardial infarction, 

angina, respiratory infections, stroke, leg ulcers, viral 

hepatitis, AIDS, epilepsy, Parkinson’s disease, and 

rheumatoid arthritis. Effective management of these 

conditions minimizes perioperative risks and enhances 

recovery prospects. By integrating tailored medical and 

surgical approaches with comprehensive pre-surgical 

evaluations, cataract management continues to evolve 

toward improved patient outcomes and quality of life. 

Nursing Management 
Nursing management of cataract patients 

involves a comprehensive approach to ensure effective 

education, prevention, and care. The initial step is assessing 

the patient’s visual acuity to determine the extent of 

impairment and monitor progress over time. Educating 

patients about cataracts and their treatment options is 

essential to enhance understanding and compliance. Nurses 

should also emphasize the importance of a healthy diet, 

which supports overall eye health, and ensure that patients 

understand the critical need for adherence to prescribed 

medications to optimize treatment outcomes. Patients 

should be advised to seek immediate medical attention if 

they experience a sudden inability to see or a marked 

deterioration in vision. Prompt action can prevent further 

complications and facilitate timely interventions. 
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Outcome Identification and Monitoring: 
The primary goal of cataract management is to 

restore vision, thereby improving the patient’s quality of 

life and ability to perform daily activities. Continuous 

monitoring is crucial, focusing on changes in visual acuity, 

the presence of eye redness, or the onset of eye pain. These 

indicators may signify complications requiring further 

evaluation and intervention. Care coordination plays a vital 

role in managing cataracts. Whenever a patient presents 

symptoms of visual impairment at a clinic or emergency 

department, the primary care provider should promptly 

refer them to an ophthalmologist. The choice of 

treatment—ranging from outpatient management with 

refractive glasses and pupillary dilation to surgical 

intervention—depends on the disease's severity, visual 

impairment, and patient age. For mild cases, non-surgical 

treatments may suffice, while severe cases often necessitate 

surgical cataract extraction, typically performed as an 

elective day-case procedure. Early-stage cataracts usually 

respond well to refractive glasses. However, if this 

approach fails, surgical removal of the cataract with 

intraocular lens implantation becomes necessary. Evidence 

does not support the routine use of systemic or topical 

steroids in cataract management, as these do not contribute 

to complications or recurrence. Most patients receiving 

timely treatment achieve excellent results, whereas delays 

or advanced disease may result in suboptimal recovery. 

Health Teaching and Health Promotion 
Patient education is paramount in cataract 

management. Patients should be informed about the risk 

factors and potential complications of the disease, available 

treatment options, and the importance of follow-up care. 

They should also be made aware of surgical risks and the 

need for regular visual acuity assessments using charts and 

slit-lamp examinations. Wearing protective eyewear, such 

as sunglasses, is recommended to shield eyes from 

ultraviolet damage. A thorough systemic evaluation is 

essential to identify any underlying conditions that could 

impact treatment outcomes. 

Risk Management and Discharge Planning: 
To mitigate risks, nurses should promptly refer 

patients with eye injuries to ophthalmologists, assess visual 

acuity during any vision-related consultations, and 

meticulously document all findings and interventions. 

Patients should receive clear instructions for post-discharge 

care, including wearing sunglasses outdoors to protect 

against ultraviolet rays, using protective eyewear during 

activities involving hazardous fluids or sports, adhering to 

prescribed medications, and scheduling regular eye 

examinations. Effective cataract management requires a 

collaborative effort among healthcare professionals, 

including primary care providers, ophthalmologists, 

ophthalmic surgeons, nurse practitioners, and pharmacists. 

This interdisciplinary approach ensures timely diagnosis, 

treatment, and patient education. Preventive strategies, such 

as the consistent use of sunglasses and protective eyewear, 

should be emphasized, particularly for patients prescribed 

corticosteroid medications, as these can increase the risk of 

cataract formation. Regular eye examinations are crucial to 

monitor and prevent disease progression, ensuring optimal 

patient outcomes. By integrating these measures, nursing 

and interdisciplinary teams can achieve comprehensive care 

that addresses both the immediate and long-term needs of 

patients with cataracts. 

 

 

Conclusion: 

Cataracts are a major cause of visual impairment, 

particularly in older adults, leading to substantial quality of 

life impacts. The pathophysiology of cataract formation is 

complex, with oxidative stress playing a central role in lens 

opacification. As research continues to uncover the 

molecular mechanisms underlying cataractogenesis, it 

highlights the potential for antioxidant therapies and other 

molecular interventions as future avenues for treatment. 

Current diagnostic methods, such as slit-lamp examinations 

and advanced imaging, allow for the early detection of 

cataracts, leading to more timely interventions. These 

advancements, alongside improvements in surgical 

techniques such as femtosecond laser-assisted cataract 

surgery and the development of advanced intraocular lenses 

(IOLs), have significantly enhanced the efficacy and safety 

of cataract surgery. The advent of minimally invasive 

techniques and improved IOLs has led to better visual 

outcomes and faster recovery times, ultimately improving 

the quality of life for patients. However, while the success 

rate of cataract surgery is remarkably high, challenges 

remain, particularly in low-income settings where access to 

ophthalmic care is limited. Addressing these disparities is 

essential to reducing the global burden of cataracts. 

Nursing interventions play a vital role in managing not only 

the physical symptoms of cataracts, such as visual 

disturbances and discomfort but also the emotional distress 

patients may experience due to their reduced vision. Nurses 

provide essential education about the disease, treatment 

options, and post-operative care, helping to alleviate 

anxiety and facilitate decision-making. Effective 

communication, psychological support, and the ability to 

address physical symptoms such as eye strain and glare are 

key components of nursing care in cataract patients. 

Moreover, comprehensive care strategies that include early 

diagnosis, timely surgical intervention, and postoperative 

support are crucial in optimizing patient outcomes. Future 

directions in cataract management may focus on further 

refining surgical techniques, investigating the potential of 

antioxidants in preventing cataract progression, and 

enhancing nursing care practices to ensure holistic patient 

care. Overall, the integration of medical advancements and 

patient-centered nursing interventions will continue to 

improve the management and outcomes of cataract patients 

globally. 
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