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ABSTRACT
Cataract surgery has evolved over the years with the development of intraocular lenses (IOL), leading to improvement in visual outcome after surgery. Posterior capsular opacification (PCO) is a common complication after cataract surgery and the material of the IOLs is a determinant for developing this complication. Therefore, it is crucial to understudy ways to reduce the risk of this complication. Additionally, it is essential to consider the contrast sensitivity, visual acuity (V.A), and glare formation for these lenses. This study intends to do a systematic review of randomized controlled trials (RCT) that evaluated the difference in the PCO rate and visual performance between patients that had either hydrophilic or hydrophobic IOLs and followed up for at most three years. A comprehensive search was conducted on PubMed, Google Scholar, and Embase. Randomized control trial papers published in the last eighteen years were analyzed. 397 studies were found. Only 15 articles were included in the review after screening, removal of duplicated articles, and evaluation of eligibility criteria. Hydrophobic IOL is associated with less PCO than hydrophilic IOL. However, the visual performance with regard to V.A, glare formation, and contrast sensitivity were comparable for both lenses. A notable limitation of this review was the small sample size of most of the studies. Therefore, more prospective and randomized trials with larger sample sizes are required in this area. 
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INTRODUCTION
Cataract is the most common cause of blindness globally, and cataract surgery is the most commonly performed elective surgery worldwide, with more than 20 million surgeries performed annually.1 Not only does it improve vision for millions around the world, it improves the quality of life by reducing the risk of falls and fractures in the elderly as well as reducing the long-term risk of developing dementia. 2, 3 
This review summarizes high level evidence from randomized controlled trials (RCTs) on posterior capsule opacification (PCO), a common limitation to good visual acuity (V.A) following routine cataract surgery. It also presents results from RCTs on visual performance following cataract surgery comparing two commonly used intraocular lens (IOL) materials.
Cataract and evolution of cataract surgery
Cataract is the leading cause of blindness worldwide and surgical treatment is the mainstay of management. It is reported that cataract surgical rate has increased from 36 to 12800(per million population) across different countries.4,5 Cataract surgery has evolved significantly over the years from intracapsular cataract extraction (ICCE) without intraocular lens placement, to those that allow intraocular lens (phacoemulsification, and femto laser cataract surgery. 
The invention of the IOLs by Sir Harold Ridley has led to remarkable improvements in cataract surgical outcomes.6 One of the major determinants for continuous clarity of the IOL is its property  e.g. the material of the IOL, optic edge design, and lens surface properties.7 IOLs materials vary in propensity for either promoting or inhibiting PCO and the acrylate material has been reported to have the lowest rate of PCO formation compared to the other materials.8 
Hydrophilic IOLs have a higher water content (18-34%), a low refractive index of 1.40-1.43, and a lower rate of glare formation compared to their hydrophobic counterpart which has a low water content (0.5-1%), a refractive index of 1.44-1.55, and a higher rate of glare formation.9
Hydrophobic IOLs are an important advancement in IOL technology. This study seeks to compare hydrophobic IOLs with hydrophilic IOLs in relation to PCO rate and visual performance.
Posterior capsular opacification
The most common complication after a successful cataract surgery resulting in blurry vision and an increase in glare formation. PCO is said to occur in about 20% of adult patients. Its incidence in the first two years after surgery is about 10% and increases to 30-35% after five to seven years.10,11
Visual performance
Visual performance includes V.A, contrast sensitivity, and glare. Visual acuity (V.A)) is the clarity with which an object is seen and it is a major determinant of visual performance after cataract surgery. Glare occurs due to intraocular light scatter leading to loss of retinal image contrast and impaired vision and contrast sensitivity is a major part of visual function.12,13
Research questions 
The aims of this review were to investigate the following: 
Is there a difference in the rate of PCO formation between hydrophilic and hydrophobic IOLs?
Is there a difference in visual performance between hydrophilic and hydrophobic IOLs? 
The analysis of visual performance was subdivided into:
To determine if there is a difference in V.A between hydrophilic and hydrophobic IOLs.
To determine whether there is a difference in glare formation between hydrophilic and hydrophobic IOLs.
To investigate if there is a difference in contrast sensitivity between hydrophilic and hydrophobic IOLs.
MATERIALS AND METHOD
Search strategy
The inclusion criteria and analysis adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) and the Cochrane Handbook for Systematic Reviews of Interventions.14
Two investigators (AA, EA) independently searched PubMed, Embase, and Google scholar. Randomized Control Trials (RCT) that were published in English before September 2023 were searched. The search terms included (Cataract’, ‘Posterior Capsular Opacification’, ‘Hydrophilic intraocular lens’, ‘Hydrophobic intraocular lens’, ‘Visual Acuity’, ‘Contrast Sensitivity’, and ‘Glare’). 
Randomized controlled trials (RCTs) were included in this review. After removing duplicates from the initial search, the titles and abstracts of the articles were screened by AA and EA, independently. Full-text screening was performed subsequently to further exclude articles that did not meet the inclusion criteria. 
The inclusion criteria were studies with randomized control trial design that included patients above 50 years with age-related cataracts and children with either congenital or developmental cataracts who have had cataract surgery with the insertion of either hydrophilic acrylic or hydrophobic acrylic IOLs, and with follow-up through to 3 years.
RESULTS AND DISCUSSION
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was adhered to for analysis. As outlined in figure 1, our initial search yielded 397 articles, with 135 from PubMed, 15 from Embase (Elsevier), and 247 from Google Scholar databases. Of these, 62 were identified as duplicates and subsequently removed. Following the removal of duplicate records and screening for eligibility, 140 were removed based on inclusion criteria. Subsequently, 180 articles were excluded based on our predefined exclusion criteria. Ultimately, 15 studies were included in the analysis.
[image: A diagram of a flowchart

AI-generated content may be incorrect.]
Figure 1: Flow diagram showing summary of literature search
Comparison of PCO between hydrophilic and hydrophobic IOLs (Table 1)
Table 1: Summary of studies comparing posterior capsular opacification rate between hydrophilic and hydrophobic intraocular lenses.
	Author  
	Year  
	Duration of study 
	Type of Study
	Sample size 
	Result 

	Vasavada et al.15
	2011
	Three-years
	Prospective,  RCT
	136 eyes
	Hydrophobic IOL had lower PCO

	Iwase et al.16
	2011
	Two-years
	Prospective, RCT
	63 eyes
	Hydrophobic IOL had lower PCO

	Heatley et al.17
	2005
	One-year
	Prospective RCT
	106 eyes
	Hydrophobic IOL had lower PCO

	Kugelberg et al.18
	2006
	One-year
	Prospective RCT 
	120 eyes
	Hydrophobic IOL had lower PCO

	Kugelberg et al.19
	2008
	Two-years
	Prospective RCT
	115 eyes
	Hydrophobic IOL had lower PCO

	Zemaitiene et al.20
	2008
	One-year
	Prospective RCT
	72 eyes
	Hydrophobic IOL had lower PCO

	Koshy et al.21
	2018
	Two- years
	Prospective RCT
	80 eyes
	No difference in PCO

	Kang et al.22
	2009
	
	RCT 
	177 eyes
	No difference in PCO

	Koch et al.23
	2020
	One-year
	Prospective RCT
	26 eyes
	No difference in PCO

	Thapa and Gurung24
	2023
	One- year
	Prospective  RCT
	48 eyes
	No difference in PCO

	Kumar et al. 25
	2019
	One- year
	Prospective RCT 
	40 eyes
	Hydrophobic IOL had lower PCO



Some researchers have attempted to compare the rate of PCO between hydrophilic and hydrophobic IOLs. 
In a prospective randomized trial conducted in India, PCO was compared between hydrophobic acrylic and hydrophilic acrylic IOL after three years of insertion. A computer random number generator was used for sample selection and randomization and each participant received one of each type of IOLs in either eye (intra-individual design). A total of sixty-eight patients with one hundred and thirty-six eyes had bilateral cataract extraction with the insertion of a single-piece hydrophobic IOL in one eye and either a single-piece C-flex hydrophilic IOL or a single-piece Akreos Adapt hydrophilic IOL in the other eye. At three years follow-up, PCO was assessed using the EPCO-2000 score and it was observed that the hydrophobic group had a significantly lower PCO compared to either the hydrophilic C-flex group (P=0.00) or the hydrophilic Akreos Adapt group, (P<0.05). 15 The strengths of this study include the fact that it was a prospective study with randomization which minimized selection bias, eliminated confounders, and increased the researcher’s control over the study circumstances. Additionally, it was an intra-individual study that eliminated the influence of systemic diseases and reduced the impact of confounders on the outcome.
Another prospective study conducted in Japan evaluated the PCO with the implantation of a sharp-edged hydrophobic acrylic or hydrophilic acrylic IOLs two years after cataract surgery. An intra-individual design was used and each eye of the participants was randomized to have hydrophobic IOL in one eye and hydrophilic IOL in the other. A total of seventy-nine patients were initially included in the study but sixteen patients were excluded because of incomplete capsulorrhexis and posterior capsule rupture. Sheimpflug video photography was used to assess the PCO in sixty-three patients (126 eyes) at one, six, twelve, eighteen, and twenty-four months. In addition, the V.A and the number of eyes requiring Nd: YAG capsulotomy were assessed.  The result of the study showed that there was a significantly higher PCO and worse V.A in the hydrophilic group than in the hydrophobic group (both PCO and V.A. P<0.001).16 An obvious limitation was the small sample size and also, it was a single-center study which may introduce sampling bias and selection bias respectively. These two limitations would not allow for generalization of the result obtained and would reduce the precision of the results.
In a similar prospective study from the UK, the effect of IOL material on the development of PCO at one year was studied. One hundred and six eyes of fifty-three patients were randomized to have hydrophobic IOL in one eye and hydrophilic IOL in the other eye. A single surgeon performed the surgeries and a single operator used digital software to assess the PCO from digital retro-illuminated photographs at every follow-up. The study showed that the eyes with hydrophilic IOLs had a significantly higher PCO at one year compared to those with hydrophobic IOLs (p<0.001).17 Being an intra-individual study is one of the strengths of this study. Another major strength of this study is that surgeon and operator biases were minimized by using a single surgeon for the surgeries and a single operator for analyzing the results. Furthermore, the digital software for assessment aided in some level of objectivity. Its drawbacks were the small sample size and relatively short period of study. These two factors can limit the power of the study.
A similar prospective randomized study conducted in Sweden on one hundred and twenty patients to assess the effect of hydrophilic and hydrophobic single-piece acrylic IOL on PCO after cataract surgery. Each participant was randomized to have either a hydrophobic IOL or a hydrophilic IOL in one eye. Randomization was done by the envelope method where each participant was required to randomly pick an envelope containing the type of IOL that he/she would receive.  Three surgeons performed all the surgeries and the IOLs used were similar in design but only different in their material. V.A, contrast sensitivity, glare, and PCO were assessed in one week, three weeks, and one year. The POCOman digital software was used to evaluate the PCO. Assessment at one-year post-surgery showed that PCO in the hydrophilic group was significantly higher than in the hydrophobic group (p<0.001). However, the contrast sensitivity, glare, and V.A were similar between the two IOL materials.18 There may have been some surgeon-expertise bias, since the surgeries were performed by three surgeons, hence influencing the outcome of the study. Another notable limitation was the short duration of the study. However, the utilization of digital software for assessment introduced some level of objectivity thus increasing the power of the result obtained.
Owing to the short duration of their previous study, Kugelberg et al. conducted a further assessment of the same patients at two years post-surgery. Only one hundred and fifteen out of the one hundred and twenty patients were available at two years (57 in the hydrophilic group and 58 in the hydrophobic group). The result at two years was similar to the previous one as it showed that the percentage and severity of PCO were significantly higher in the hydrophilic group than in the other group (p<0.001).19 This further assessment at two years post-surgery, highlighted that hydrophobic IOLs lead to a lower rate of PCO formation. Moreover, the long follow-up aided in increasing the power of the outcome.
Furthermore, a prospective study compared the one-year postoperative results after implantation of single-piece, square-edged hydrophilic acrylic or hydrophobic acrylic IOL. Thirty-nine eyes had hydrophilic IOL while thirty-three had hydrophobic IOL after cataract extraction. At one-year follow-up, the PCO was assessed using the EPCO-2000(Evaluation of Posterior Capsule Opacification) analysis system, and the V.A was also compared. The result of the study showed that PCO in the hydrophilic group was significantly higher than the hydrophobic group.20
Contrary to the above articles which showed that the hydrophobic IOL performed better in terms of PCO formation in contrast to its hydrophilic counterpart, some other studies have shown that the incidence of PCO was not statistically different between the two IOLs. 
One such study conducted as a two-center study compared the capsular performance of hydrophilic and hydrophobic IOLs. Eighty patients (eighty eyes) were randomized to have one of the IOL types and were followed up for two years after the cataract surgery. At one month and two years after surgery, subjective assessments with the slit-lamp and objective assessments with digitally analyzed retro-illuminated images were done to document any PCO on the IOLs. It was noted that there was no significant difference in the occurrence of PCO between the two groups, (p=0.123).21 A limitation of the study is the small sample size which may limit generalization and accuracy of the result obtained. However, the long duration and randomization increased its strength.
No statistical difference was also noted in a prospective and randomized trial that compared PCO in heparin-surface-modified hydrophilic and hydrophobic acrylic IOLs in seventy-eight eyes with simple cataracts one-year post-surgery(p=0.495).22
Comparison of PCO between hydrophilic and hydrophobic IOLs in the pediatric population (Table 1)
IOL implantation has become widely accepted as a routine procedure after cataract extraction in children and this has significantly improved their postoperative visual rehabilitation.
In a prospective study in Brazil, PCO was assessed in twenty-six children (5-12 years) who had either square-edged hydrophobic or hydrophilic acrylic IOL. A single surgeon performed the surgeries and none of the children had a posterior capsulorhexis. The mean ages of the two groups were similar and the PCO was assessed with an EPCO digital software at one month, three months, six months, and twelve months post-surgery. The two IOLs were noted to have comparable rates for forming PCO at every follow-up.23
Likewise, in another prospective and randomized study in India, PCO was compared between hydrophilic and hydrophobic IOLs in forty-eight eyes (3-14 years) at one-year post cataract surgery. No significant difference was noted between the two IOLs (p=0.221).24 The small sample size and the short duration of the study were limitations.
However, in another randomized prospective study in India, the PCO outcome of implanting either hydrophobic acrylic or hydrophilic IOL in pediatric cataract surgery was different from those obtained above. Forty eyes age 0-12 years had cataract extraction by a single surgeon. It was observed that PCO formation was significantly higher in the hydrophilic group p-value<0.05.25 One of the strong points of the study was that there were an equal number of participants in each group while the small sample size is a limitation. 
Comparison of visual acuity between hydrophilic and hydrophobic IOLs (Table 2)
Table 2: Summary of studies comparing visual acuity between hydrophilic and hydrophobic intraocular lenses.
	Author 
	Year 
	Duration 
	Type of Study
	Sample size
	Result 

	Nagy et al.27
	2019
	Six- months
	Prospective 
	50 eyes
	No difference in V.A.

	Poyales et al.28
	2020
	One-month
	Prospective RCT 
	102 eyes
	No difference in V.A.

	Ang Ret29
	2023
	Twenty-four- months
	Prospective, single-center, RCT
	92 eyes

	No difference

	Kugelberg et al.18
	2006
	Twelve-months
	Prospective RCT 
	120 eyes
	V.A. better with hydrophobic IOL

	Zemaitiene et al.20
	2008
	Twelve- months
	Prospective RCT
	72 eyes
	No difference in V.A.

	Thapa and Gurung24
	2023
	Twelve- months
	Prospective RCT
	48 eyes
	No difference in V.A.

	Koch et al.23
	2020
	Twelve-months
	Prospective RCT
	26 eyes
	No difference in V.A.


The visual needs of individuals vary after cataract surgery and are usually determined by the age of the individual. Elderly individuals with cataracts commonly have associated presbyopia, therefore, they typically require spectacle-free vision at all distances (distant, intermediate, and near vision).26
In a prospective randomized study of twenty-five Hungarian patients, the visual and refractive outcomes of trifocal hydrophobic and trifocal hydrophilic IOLs were compared. The study was conducted in a single center and the surgeries were performed by a single surgeon. Each participant had trifocal hydrophilic IOL in one eye and trifocal hydrophobic IOL in the other eye. Each participant was followed up for six months after which assessment was done under photopic and mesopic conditions. No significant difference was noted between the two IOLs in the uncorrected distance VA (p=0.607), intermediate VA (p=0.491), and near V.A (p=0.414) under both photopic and mesopic conditions.27 The intra-individual design, prospective design, and randomization are the major strengths of this study. On the other hand, being a single-center study can introduce publication bias, and the small sample size as well as the short study duration can influence the validity of the outcome.  
Likewise, in a prospective randomized trial involving fifty-one Spanish individuals (102 eyes), visual performance and patient satisfaction were compared between hydrophilic and hydrophobic trifocal IOLs. It was a single-center study and all the surgeries were performed by a single surgeon. Each participant was randomized to have either bilateral insertion of hydrophilic IOL or bilateral insertion of hydrophobic IOL and they were followed up for three months. The distant vision was assessed with the ETDRS chart. There was no significant difference between the IOLs for the distant V.A (4m), intermediate V.A (70cm), and near V.A (at 35cm) (p-value >0.05).28
Furthermore, the visual and refractive outcome in Asian eyes who had bilateral implantation of either hydrophobic IOL or hydrophilic IOL was evaluated. It was a single-center, prospective, and comparative study with ninety-two eyes of forty-six patients included in the study. Forty-four eyes of twenty-two patients received trifocal hydrophobic IOL and forty-eight eyes of twenty-four patients received trifocal hydrophilic IOL and were followed up for twenty-four months. At twenty-four months, the two groups were observed to have similar uncorrected distance VA, corrected distance VA, distance-corrected intermediate VA, and distance-corrected near VA. (p>0.05).29 A notable strength of this study is that it has a longer follow-up duration compared to the others thus increasing the reliability of the outcome.
Similarly, the V.A of seventy-two patients randomized into hydrophilic IOL (thirty-nine eyes) or hydrophobic IOL group (thirty-three eyes) were compared and no significant difference was observed in the best corrected V.A between the two IOLs after one year.20 However, in a randomized prospective study involving one hundred and twenty eyes, the hydrophobic group had a significantly better corrected V.A than the hydrophilic group at two years post-surgery (p<0.01).18
Interestingly, no significant difference was observed in the V.A outcome between the two IOLs in the pediatric age group.23, 24 
Comparison of glare formation between hydrophilic and hydrophobic IOLs (Table 3)
Table 3: Summary of studies comparing glare formation between hydrophilic and hydrophobic intraocular lenses.
	Author 
	Year 
	Duration 
	Type of Study
	Sample size
	Result 

	Akman et al.32
	2004
	         -
	RCT 
	60 eyes
	Hydrophobic IOL had a higher glare

	Kugelberg et al.19
	2008
	Two- years
	RCT 
	120
	Hydrophilic IOL had a higher glare


Hydrophobic lenses have been reported to be associated with a higher incidence of glare due to their low water content which can lead to glistening.30 Glistening are fluid-filled micro-vacuoles formed on IOLs in an aqueous environment and can result in light scattering especially when severe.31 
In a prospective study where sixty eyes were divided into three equal groups, the first group had a single-piece hydrophilic IOL, the second group had a three-piece hydrophobic IOL, and the third group was the control group (no cataract). The Optimus glare sensitivity test was used to assess glare in the three groups both with and without a glare source and it was observed to be significantly higher in the hydrophobic group compared to the other groups. 32 One obvious limitation in this study was that the two groups did not have the same IOL in terms of the number of pieces i.e. the hydrophilic group had a single-piece IOL and the hydrophobic group had a three-piece IOL. However, Kugelberg et al. noted significant glare in eyes with hydrophilic IOL compared to those who had hydrophobic IOL at two years follow-up (p<0.001).19
Comparison of contrast sensitivity between hydrophilic and hydrophobic IOLs (Table 4)
Table 4: Summary of studies comparing contrast sensitivity between hydrophilic and hydrophobic intraocular lenses.
	Author 
	Year 
	Duration 
	Type of Study
	Sample size
	Result 

	Nagy et al.27
	2019
	Six-months
	RCT 
	50 eyes
	Similar contrast

	Poyales et al.28
	2020
	One-month
	RCT 
	103 eyes
	Similar contrast 

	Ang Ret29
	2023
	Twenty-four-months
	RCT 
	92 eyes
	Similar contrast 


The contrast sensitivity between trifocal hydrophilic and trifocal hydrophobic IOLs were comparable for distance, intermediate, and near vision.27-29
DISCUSSION
Having a sustained good quality of vision after cataract surgery is very important and this is determined by several factors. One of the most common reasons a previously excellent V.A and visual function deteriorates after cataract surgery is the development of PCO. The hydrophilic IOL is commonly used by many surgeons because it is cost-effective and easy to implant, but associated with a higher rate of PCO due to its high water content.9 Randomized control trials reviewed in this study showed that hydrophobic IOL is better than hydrophilic IOL because it causes a lower rate of PCO.15-17 These studies used intra-individual design (i.e., each participant received both IOLs), hence, the impact of confounders like diabetes, age, etc. was significantly minimized.  
Pediatric cataract requires early intervention with good post-op vision to prevent amblyopia; therefore, it is important to identify which of the IOLs will give sustained good post-operative vision in these children. Kumar et al. noted that PCO was higher in hydrophilic IOL while Koch et al. and Thapa and Gurung observed that both lenses had similar PCO rates.23- 25
The various PCO evaluation systems have different sensitivity and objectivity. The simplest method is the use of the slit lamp, but this is highly subjective. Another method is the scheimpflug system, an objective method but not as objective and accurate as the EPCO-2000 and POCOman. 33, 34 The EPCO-2000 and POCOman are known to have the highest objectivity and sensitivity.35
Most of the studies reviewed used an objective method for PCO analysis except those by Thapa and Gurung and that by Kumar et al., where the technique for analysis was not documented. Some used the scheimpflug method for the PCO analysis while others used either the EPCO-2000 or the POCOman method.
The visual performance (V.A, glare and contrast sensitivity) of the IOLs were also reviewed.  Since cataracts are found commonly among the elderly who are also usually presbyopic, thus, cataract surgery with the insertion of trifocal IOL is used to correct their vision at various distances. The V.A at all distances was similar for both IOLs in the studies with intraindividual design where the participants had both IOLs (trifocal hydrophilic in one eye and trifocal hydrophobic in the other) inserted.27-29 Unfortunately, the small sample size in all the studies has limited the accuracy of this result. However, in the study by Kugelberg et al. using mono-focal IOLs, the V.A was significantly better among those that had hydrophobic IOL. This difference in result may be associated with the long follow-up period of two years.19
Similarly, the V.A in children was comparable between the two IOLs23, 24. 
The degree of glare significantly impacts the visual performance of an IOL after cataract surgery. It is on record that the low water content of hydrophobic lenses increases their tendency for the development of glistening and subsequently increases their glare sensitivity. Glare formation was higher in the group with hydrophobic multifocal IOL compared to those with hydrophilic monofocal IOL32. This higher glare sensitivity in the hydrophobic group may not necessarily be due to the IOL material but rather due to the multifocality of the lens because multifocal IOLs are associated with higher degrees of glare sensitivity compared to mono-focal36. However, it is surprising that in another study, the hydrophilic IOL was noted to be associated with a significantly higher glare than the hydrophobic IOL19.
Contrast sensitivity is a major part of visual function13. In the studies reviewed, contrast sensitivity was comparable between the trifocal hydrophilic and trifocal hydrophobic IOLs.27-29
CONCLUSION
The material of an IOL has a significant influence on its susceptibility to developing PCO. This review has shown that the hydrophobic IOL is associated with a reduced rate of PCO compared to the hydrophilic IOL in adult as well as pediatric population. However, a sizeable number of studies in the pediatric population showed comparable PCO results between the two IOLs. Furthermore, it is worth mentioning that other factors like the edge design and surgical technique also contribute to the development of PCO after cataract surgery.  This review also compared the visual performance of the two IOLs in terms of V.A, glare, and contrast sensitivity. Interestingly, despite the lower PCO in hydrophobic IOLs, the two IOLs had similar V.A, glare formation, and contrast sensitivity among adult and pediatric populations. One of the notable limitations of this review was the small sample size of most of the studies. Therefore, more prospective and randomized trials with larger sample sizes are required in this area. 
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