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Abstract 

Emily Charlesworth 
 
Refractive management of patients undergoing cataract surgery 
 
The development of pre and post-operative refractive management 

guidelines for patients undergoing cataract surgery in the UK 

 
Key words: Cataract surgery, target refraction, refractive stability, Delphi 
study, systematic review, meta-analysis, clinical vignette study 
 

Cataract surgery is the most commonly performed surgery within the UK with 

400,000 surgeries performed each year.  Currently no guidelines exist for 

clinicians regarding target refraction discussions, spectacle provision post-

operatively and driving advice following surgery. The PhD aimed to start the 

process of developing pre- and post-operative management guidelines for 

patients developed by both optometrists and ophthalmologists which could 

then be disseminated to both professions in the hope of improving the overall 

outcome of surgery. 

The current literature highlighted target refraction discussions were lacking or 

non-existent which left some myopes dissatisfied after surgery due to an 

emmetropic target refraction leaving them unable to read without glasses as 

they did prior to surgery. Target refraction discussions were found to be 

linked with years of experience and this needs further exposure in continuing 

professional development. 

Post-operative driving advice was found to be inconsistent and vary between 

practitioners and between optometry and ophthalmology. Advice was found 



ii 

to vary from driving “immediately” following surgery up to 6 weeks post-

operatively. 

Re-analysis of (de Juan et al. 2013) data during our systematic review and 

meta-analysis found refraction to be stable 1-2 weeks following surgery for 

93% of patients. It was found a large change between pre- and post-surgery 

cylindrical power/axis may be an indicator that refractive stability has not 

occurred. Although this study had limitations it confirmed refraction is stable 

sooner than the current guidelines of 4-6 weeks. 

Finally, we used a Delphi process to develop refractive management 

guidelines with a total of fifteen recommendations finalised. 
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Chapter 1: Cataract surgery 

1.1 The crystalline lens and cataract  

The crystalline lens is located within the posterior chamber of the eye, 

posterior to the iris and anterior to the vitreous chamber, and it is suspended 

by zonular fibres from the surrounding ciliary body (figure 1.1). The two main 

functions of the lens are to (1) help the cornea to refract light rays onto the 

retina and (2) increase in power to allow the eye to focus (or accommodate) 

at near distances. For point 1 the lens needs to be transparent and produce 

minimal light scatter (Remington 2012). Four elements contribute to the 

transparency of the lens: the absence of blood vessels, few organelles in the 

light path, the orderly arrangement of fibres, and the short distance between 

components of differing indices relative to the wavelength of light (Trokel 

1989). The crystalline lens is a biconvex structure and consists of two layers, 

a biconvex nucleus and an outer layer called the cortex. The lens itself is 

surrounded by the lens capsule; a transparent basement membrane made of 

collagen. It encloses all lens components and helps to mould the shape of 

the lens (Remington 2012).  The lens consists of lens fibres, which are 

continually produced throughout life, with new fibres added to the outer 

cortex. This growth results in concentric layers of secondary lens fibres 

(Remington 2012) making the lens thicker and increasing the surface 

curvatures (Dubbelman et al. 2001; Alió et al. 2005). 
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A cataract as defined in the dictionary of optometry and vision science is 

partial or complete loss of transparency of the crystalline lens or its capsule 

(Millodot 2008).  Cataracts normally occur late in life due to ageing; however 

they can also occur due to the result of trauma, systematic or ocular disease 

or the use of steroids (Remington 2012). As lens fibres mature a decrease in 

the rate of transport of water, nutrients, and anti-oxidants lead to progressive 

oxidative damage and may also contribute to cataract formation (Moffat et al. 

1999).  Cataracts are progressive and gradually develop over time causing 

difficulty in vision.  As they develop they can induce a myopic shift, 

astigmatism, monocular diplopia and changes in colour perception (Brown 

1993).  The lens opacity increases light scatter. Light scatter consists of both 

forward and backward light scatter, both of which increase with age, although 

the two are poorly correlated. The amount of backward light scatter is the 

Figure 1.1 Diagram showing the position of the lens within the eye. (From Paterson 
CA, Delamere NA: The lens. In Hart WM Jr, editor: Adler’s physiology of the eye, ed 

9, St Louis, 1992, Mosby 
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amount of light scattered back from the eye towards the light source. This 

can be assessed clinically using a slit-lamp biomicroscope. Forward light 

scatter is light scattered from the lens towards the retina and is responsible 

for reducing vision by producing a veiling luminance over the retina and 

reducing the contrast of the image (van den Berg 2018). The greatest loss of 

vision in people with cataract is in bright light and glare conditions (Shandiz 

et al. 2011).  This glare can cause a significant drop in vision and is termed 

disability glare (van den Berg et al. 2009).  Patients normally describe their 

vision as looking through “dirty spectacles or a dirty windscreen” (Hanson 

2005) exaggerated by glare and bright lights (Elliott et al. 1989).  This starts 

to impact the patient’s ability to carry out daily tasks resulting in a negative 

effect on their quality of life (Knudtson et al. 2005). 

1.2 Types and classification  of cataract  

Age related cataracts can be classified either due to their aetiology, visual 

appearance, or location within the lens.  The three most common age-related 

cataracts are, (1) nuclear sclerosis cataract located in the nucleus of the lens 

producing a central opacification. It shows both increased light scatter and 

light absorption of low (blue) wavelengths and is associated with 

yellowing/browning of the lens (figure 1.3). (2) Cortical cataract is located in 

the anterior and/or posterior cortex, producing a spoke-like shape following 

the distribution of the lens fibres. The thickest part of the spoke is usually 

hidden behind the iris in the periphery of the lens. They are most often found 

in the inferior nasal part of the lens (figure 1.4). (3) Posterior subcapsular 

cataract (PSC) is located in the centre of the lens, just in front of the posterior 

capsule (figure 1.5) (The Royal College of Ophthalmologists 2010).  Nuclear 
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cataract typically induces a myopic shift due to an increase in refractive index 

of the lens, with the extent of the myopic shift correlated with the density of 

the cataract (Díez Ajenjo et al. 2015). Cortical cataracts may cause no real 

symptoms at first due to the centre of the crystalline lens remaining 

unaffected.  As the opacity increases, astigmatic changes can become 

apparent due to the asymmetrical refractive index changes along the cortical 

spoke opacities (Pesudovs and Elliott 2003).  Posterior subcapsular cataract 

appears to have no significant effect on refractive error and (Chua et al. 

2004) found late PSC was the least likely to be improved by a new refractive 

correction compared to other types of cataract. PSC cataract can have a 

significant impact on vision due to its location on/near the visual axis and in 

the middle of the pupil. Vision can be normal in dim or room lighting as the 

cataract may occupy relatively little of the pupil area. However, with pupillary 

miosis due to bright lights or close work, the cataract can occupy most of the 

pupillary area and vision can be greatly reduced (Rubin 1972). PSC patients 

present earliest for surgery as they can have non-age related associations. 

Steroid use is a significant risk factor for PSC (Remington 2012) along with 

trauma and other ocular conditions such as retinitis pigmentosa and uveitis 

(Fishman et al. 1985; Vasavada et al. 2004).   

Classifying and assessing the severity of cataract is based upon slit lamp 

examination.  Many classification systems have been designed in an attempt 

to record the severity of the cataract, the most popular are the Lens 

Opacities Classification System III (LOCS III) and the Oxford Clinical 

Cataract Classification and Grading System (OCGS).  Both systems use a 

decimal scoring system.  The LOCS III uses slit lamp and retro-illumination 
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and optical section images of the lens as standard (Chylack et al. 1993). For 

nuclear cataract six slit lamp images are used for grading nuclear colour and 

nuclear opalescence. Five retro illumination images are used for grading 

cortical cataract, and five retro illumination images are used for grading 

posterior subcapsular cataract. The severity of the cataract is graded on an 

interpolated decimal scale (Bullimore and Bailey 1990; Chylack et al. 1993). 

The OCGS uses standard diagrams and Munsell colour samples for grading 

(Sparrow et al. 1986).  Both scoring systems have been shown to have low 

inter-observer variation and to be comparable (Hall et al. 1997).  

(Elliott 2014a) 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

Figure 1.4 A cortical cataract seen in retro-
illumination from the fundus (Elliott 2014a). 

  

Figure 1.5 A small posterior subcapsular 
cataract seen in retro-illumination from the 

fundus (Elliott 2014a). 

 

Figure 1.2 An optic section of the crystalline 
lens (Elliott 2014a). 

Figure 1.3 Nuclear cataract seen by optic 
section. The blurred arc to the left is the out of 
focus cornea. They are best viewed using an 
optic section (Elliott 2014a). 
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1.3 Prevalence and incidence of cataract  

In 2020, cataract was the world’s leading cause of blindness (15.2 million 

cases) and the second most common cause (after under-corrected refractive 

error) of moderate-severe visual impairment (78.8 million) (Steinmetz et al. 

2021). 

The World Health Organisation (WHO) international classification of diseases 

11 (World Health Organisation 2022) classifies vision impairment into those 

with distance visual impairment and those with near vision impairment. Mild 

distance vision impairment is classified as visual acuity (VA) worse than 

6/12-6/18, moderate distance visual impairment VA worse than 6/18-6/60, 

severe distance visual impairment VA worse than 6/60-3/60 and blindness 

distance visual impairment VA worse than 3/60. Near visual impairment  is 

defined as near VA worse than N6 or M.08 at 40cm. 

Cataract is highly prevalent within the UK and accounts for over a third of 

cases of visual impairment in those over 75 years of age (Visual Acuity (VA) 

worse than 6/18) with twenty five percent of the UK population developing 

cataracts by this age (The Royal College of Ophthalmologists 2010) (Evans 

et al. 2004).  The prevalence of visually significant cataract (binocular VA 

less than 6/12) in those over 65 years was found to be 30% in a north 

London population cross sectional study (Reidy et al. 1998). National data 

from the UK reported 15% of patients had VA less than 6/60 at the time of 

listing for cataract surgery (Desai et al. 1999).  Cataract surgery is the only 

treatment option for the condition and is the most common elective surgery 

performed in the UK.  Approximately 25 million cataract surgeries are 
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performed each year worldwide (Burton et al. 2021). For 2020 the predicted 

number of cataract operations to be performed in the UK was 474,000 

(Minassian and Reidy 2009), although the Covid-19 pandemic will have 

impacted on this prediction. It is further predicted that this figure will increase 

by 50% between 2015-2035 due to the UK’s ageing population (The Royal 

College of Ophthalmologists 2015). During 2018-2019 approximately 

452,000 cataract operations were undertaken in England, this reduced to 

246,300 in 2020 due to the coronavirus pandemic (The Royal College of 

Ophthalmologists 2020-2021). 

 
A systematic review and meta-analysis of the regional and global prevalence 

of age-related cataract found the pooled prevalence estimate of any cataract 

in people aged >60 years was 54%. The prevalence of the classification of 

cataract found in those >60 years were: nuclear cataract (31%), cortical 

cataract (24%), and posterior subscapular cataract (7%) (Hashemi et al. 

2020). For the papers to be included in the systematic review they had to 

include the Mesh term “cataract” or “lens opacity”, however the definition of 

cataract was not defined. A UK study that randomly sampled 1547 people 

over 65 years found 16% of people aged 65-69 years had visually impairing 

cataracts (visual acuity in one or both eyes worse than 6/12) which increased 

to 71% in people aged over 85 years (Reidy et al. 1998).  

The most common risk factor for cataract is age with most cataract occurring 

in those over 60 years (National Institute for Health and Care Excellence 

October 2017). Non-modifiable risk factors include ethnicity, female gender, 

and family history. Modifiable risk factors include UVB exposure and tobacco 

smoking (Robman and Taylor 2005). Systemic diseases can increase the 
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risk of cataract such as diabetes mellitus, hypertension, obesity chronic 

kidney disease and autoimmune disease (Ang and Afshari 2021). Secondary 

cataracts can develop due to some eye diseases, including acute angle 

closure glaucoma, chronic anterior uveitis, high myopia, and hereditary 

fundus dystrophies such as retinitis pigmentosa (NICE 2022). Corticosteroid 

treatment can also result in secondary cataract (NICE 2022). 

1.4 Target Refraction  

1.4.1 Target refraction calculations  

Cataract surgery involves an element of refractive surgery in that the natural 

crystalline lens is replaced with an intraocular lens (IOL) implant with a 

personally calculated refractive power.  Several formulas exist for calculating 

the power of the IOL to achieve the desired post-operative refractive error.  

Formulas range from  first generation to fourth generation and are 

categorised by derivation. Derivations fall into historical/refraction based, 

regression, vergence, ray tracing and artificial intelligence (Xia et al. 2020). 

First and second-generation formulas are now considered out of date. 

Sanders-Retzlaff-Kraff/Theoretical (SRK/T) (Retzlaff et al. 1990), Hoffer Q 

(Hoffer 1993), and Holladay 1 (Holladay et al. 1988) are third generation 

theoretical formulas and are the most widely used in the UK (Gale et al. 

2006). Third generation formulas incorporate biometry data into predicting 

the IOL power (Xia et al. 2020). 

The original SRK formula is below: 

 

 

P = A – BL – CK 
P = power of the implant    B = constant 2.5 
L = axial length (mm)    C = constant 2.5 
K = average keratometry (D) A = varies with IOL design and 

manufacturer  
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The SRK/T (T is for theoretical) is a combination of a theoretical 

mathematical model with a theoretical eye model. An empirical regression is 

incorporated to optimise anterior chamber depth and to modify retinal 

thickness axial length correction and the corneal refractive index (Retzlaff et 

al. 1990). Holladay 1 and Hoffer Q similarly only requires axial length and 

average keratometry as the two variables for the calculation (Retzlaff et al. 

1990). However, this formula includes an optimisation of the equation for 

better prediction of effective lens position. The anterior chamber is broken 

down into corneal thickness, corneal endothelium to iris plane distance and 

iris to IOL position known as the “surgeon factor” as it is not known pre 

surgery and varies with lens type (Hoffer 1993). The mean absolute error  

and standard deviations for the three formulas tested in 450 eyes were: 

SRK-T 0.45D ± 0.37D, Holladay 0.43D ± 0.35, Hoffer Q 0.44D ± 0.37 (Hoffer 

1993). The Hoffer Q formula is more accurate for shorter eyes (Hoffer 1993; 

Aristodemou et al. 2011). 

Fourth generation formulas include the Haigis formula and the Holladay 2 

formula. In addition to using corneal keratometry and axial length, fourth 

generation formulas incorporate additional patient variables to improve 

refractive outcomes (Xia et al. 2020). The Haigis formula introduces three 

constants: a0, a1, and a2 to add more flexibility to the formula to change the 

IOL prediction curve (Haigis 2008). The a0 constant is directly related to the 

lens makers’ ACD constant, the a1 constant relates to the measured ACD 

(anterior corneal vertex to anterior vertex of crystalline), and the a2 constant 

related to the measure axial length (Ghanem and El-Sayed 2010). The 

formula has been demonstrated to be useful for a wide range of axial lengths 



10 
 

(21-28mm) (Melles et al. 2018). The Holladay 2 formula includes seven 

parameters: axial length, keratometry, anterior chamber depth, white-to-white 

assessment (corneal horizontal diameter between the borders of the corneal 

limbus), lens thickness, pre-operative refractive error and age. The formula is 

more accurate in short (<22mm) and medium (23-25mm) eyes (Holladay 

1993; Holladay et al. 1996; Darcy et al. 2020). It has been questioned 

whether obtaining these added parameters improves the accuracy of the 

results (Darcy et al. 2020). It was found the new axial length adjustment in 

the Holladay 2 formula resulted in improved accuracy (Darcy et al. 2020). 

The Royal College of Ophthalmologists biometry guidelines include the IOL 

calculation formulas that should be used depending on axial length (The 

Royal College of Ophthalmologists 2010). The last national biometry audit 

carried out in 2006 reported that 18% of UK ophthalmology departments 

solely used the SRK/T formula. A combination of SRK/T, Hoffer Q and 

Holladay formulas were used in 30% of departments (Gale et al. 2006). 

For people who have not had previous refractive surgery, the Haigis or 

Hoffer Q formulas are recommended for patients with an axial length 

<22.00mm. For an axial length between 22.00 and 26.00mm the Universal 

Barrett II formula is recommended if it is installed on the biometry device and 

does not need the results to be transcribed by hand, or the SRK/T if that is 

not available. If the axial length is greater than 26.00mm the Haigis or SRK/T 

formulae should be used (National Institute for Health and Care Excellence 

October 2017). 
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1.4.2 What is the best target refraction for the patient?  

The reason for calculating the IOL power is to ultimately aim to eliminate the 

patient’s refractive error and the need for spectacles.  The highest success 

rates of spectacle independence have been achieved using multifocal IOLs 

which have an extended depth of focus correcting presbyopia and allowing 

for clear vision at distance, intermediate and near (Wang et al. 2017).  

However, within the NHS patients receive monofocal IOLs so that patients 

require either distance or near spectacles for complete visual restoration 

depending on whether the patient opted for an emmetropic or myopic target 

refraction.  Studies have shown that approximately 50% of patients still wear 

distance or multifocal spectacles following surgery but with a lower refractive 

correction (Supuk et al. 2016). A recent focus group study conducted by 

(Webber et al. 2020) assessed long-term visual problems following cataract 

surgery and found “prescription restrictions” to be a common theme.  They 

identified how the participants were not made aware that achieving the best 

uncorrected distance vision would deteriorate their near vision, or the 

concept that their prescription could be personalised to suit their lifestyle.  

Eight out of 26 participants (31%) were unhappy with their spectacle 

prescription following surgery. They were mainly patients who were myopic 

pre-surgery and could read without spectacles who lost this ability following 

surgery.  Several participants discussed how their near vision was worse 

than before the surgery which was unexpected.  They also did not like the 

inconvenience of needing reading spectacles which they then had to keep 

putting on and off.  While they appreciated their vision was much improved, 

they regretted not discussing their final spectacle prescription with their 
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surgeon with some stating they did not have a choice about their target 

refraction or spectacle prescription following surgery, and of those that did 

they did not have enough knowledge or time to make a decision and 

therefore followed the professional’s advice. This focus group study 

highlights target refraction needs to be discussed and tailored for patients 

before surgery taking into consideration their current spectacle correction 

and lifestyle. The participants had a split decision on whether this discussion 

should be with their surgeon or with their optometrist.  This is investigated 

further in Chapter 4.  

1.5 Advancements in surgery technique  

Cataract surgery has undergone much advancement over the years.  The 

rate at which the increase of cataract surgeries performed is not due only to 

a rising prevalence due to an ageing population, but also due to the 

advancement in surgical technique, in particular phacoemulsification 

replacing extra-capsular techniques (The Royal College of Ophthalmologists 

2015) so that ophthalmologists now feel they can offer surgery at lower 

grades of cataract with much more confidence (The Royal College of 

Ophthalmologists 2015).  These surgical techniques are mentioned 

throughout the literature, so the advancements of cataract surgery are briefly 

discussed.  The earliest known method of attempting to treat cataract was 

couching which was predominantly used up until the 18th century. The 

cataract was not removed but purposely dislodged from the visual axis using 

a needle (Davis 2016). The first cataract extractions were initially performed 

in 1747 by extracapsular extraction (ECCE) where the lens capsule is left in 

place.  A large corneal incision of more than 10mm was made; the lens 
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capsule was punctured to express the nucleus, followed by the lens cortex 

being extracted by curettage (Davis 2016).  This surgery technique was used 

up until the 19th century when intracapsular cataract extraction (ICCE) 

became the preferred method of cataract removal. ICCE techniques were 

first developed in 1753 but did not become popular until 1957 when an 

enzyme was developed to dissolve the lens zonules (Davis 2016). 

Improvements were made in ECCE so the popularity of ICCE rapidly 

declined, however modern ICCE is still used in developing countries.  

Cataract surgery was revolutionised in 1967 when phacoemulsification was 

developed.  An ultrasound-driven needle is used to emulsify and aspirate the 

lens through a much smaller corneal incision (3-4mm) (Davis 2016).  This 

allowed for shorter operative times, less induced astigmatism, and quicker 

healing times.  Phacoemulsification was originally performed via a scleral 

tunnel however corneal incision is now the preferred method (Edwards et al. 

1997; Leaming 2004).  Phacoemulsification is now the standard surgical 

technique used in over 99.7% of cataract operations within the NHS 

(Jaycock et al. 2009). 

1.5.1 Incision size and sutures  

Along with the advancement in the technique used for cataract surgery and 

IOL implantation, incision sizes have reduced, and sutures are no longer 

required to close the incision.  This was developed when foldable intraocular 

lenses (IOLs) became available.  (Oshika et al. 1995) assessed astigmatic 

and refractive stabilisation following six cataract surgery procedures.  The 

paper highlighted how the surgical procedure has advanced, comparing 

older extracapsular extraction techniques which are now rarely used in 
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practice involving an 11mm incision and running suture, compared to modern 

techniques with extraction via phacoemulsification involving a self-sealing 

3.2mm incision requiring no sutures.  Smaller incision sizes have been 

shown to lead to less induced astigmatism post-operatively (Oshika and 

Tsuboi 1995). Since this paper was published in 1995 incision sizes have 

reduced further with the development of microincision cataract surgery 

(MICS) by Jorge Alio.  MICS is defined as cataract surgery performed 

through an incision <1.5mm reducing the invasiveness of surgery, induced 

corneal astigmatism and postoperative corneal aberrations (Alio et al. 2009).  

While MICS is the next stage in the evolution of cataract surgery, sub-1-mm 

MICS or micro-MICS are predicted to be standard practice in the future (Alio 

2006). 

1.5.2 Intraocular lens advancements  

Incision sizes have not only reduced over the years due to the 

advancements in surgical technique but due to the advancements in 

intraocular lenses (IOLs).  IOLs were originally made from 

polymethylmethacrylate (PMMA) a rigid material requiring large incision 

sizes.  Even after the development of phacoemulsification, where only a 

small incision was needed to emulsify the lens, the incision size had to be 

enlarged for the lens to be placed inside the eye. One of the most significant 

steps in cataract surgery was the development of foldable IOLs. IOLs are 

now mainly made from biomaterials such as silicone and acrylic (Ashwin et 

al. 2009; Özyol et al. 2017).  This allows for the IOL to be rolled up and 

inserted through a much smaller incision before unfolding once inside the 

eye. 
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Along with the advancements in IOL material there has also been the 

development of ‘Premium’ IOLs.  Original IOLs have a monofocal design so 

that they have one focal power. The focal power of the IOL can be chosen 

depending on the target refraction the patient desires and is calculated using 

various formulas as discussed in the previous section. The formula chosen 

usually depends upon the axial length of the eye (Gale et al. 2006). Patients 

will monofocal IOLs cannot have spectacle independence due to a residual 

refractive error at either distance or near depending on whether the patients 

opted for an emmetropic or myopic target refraction. Monovision is one 

strategy to overcome this issue, where one eye has an IOL with the correct 

dioptric power for distance, and the other eye has an IOL implanted with the 

correct dioptric power for reading. However a monovision approach has 

several disadvantages including problems supressing the blurred image, a 

reduction in stereopsis and decompensation of binocular vision anomaly, 

therefore this approach should only be offered after a successful trial of 

monovision with contact lens (Evans 2007). Multifocal IOLs have since been 

designed providing spectacle independence at distance, intermediate and 

near (Zvornicanin and Zvornicanin 2018).  Multifocal IOLs have shown to 

achieve higher levels of spectacle independence with 80-92% of patients 

having spectacle independence, compared to 7.5-12% of patients with 

monofocal IOLs (Wang et al. 2017).  However, one well documented issue 

with multifocal IOLs is an increased frequency of dysphotopsia. 

Dysphotopsia can be both positive and negative. Positive dysphotopsia is 

described by patients as light streaks, light arcs, central flashes and 

starbursts induced by an external light source (Masket and Fram 2021). 
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Negative dysphotopsia is described as a dark temporal peripheral arc-

shaped shadow or line (Davison 2000). Multifocal IOLs are particularly 

associated with diffractive dysphotopsia, an undesired optical phenomenon 

resulting in haloes, glare and reduction in contrast, typically around light 

sources (de Silva et al. 2016; Wang et al. 2017; Masket and Fram 2021). 

Astigmatic correction can also be offered at the time of surgery.  Some 

surgeons attempt to correct astigmatism during surgery by selective 

positioning of the phacoemulsification incision, limbal relaxation incisions or 

corneal relaxing incisions (Núñez et al. 2019).  Patients may also opt for toric 

IOLs designed to correct corneal astigmatism improving the likelihood of 

distance spectacle independence in astigmatic patients.  A systematic review 

and meta-analysis found 70.4% of patients had distance spectacle 

independence with toric IOLs compared to 46.8% in the non-toric IOL group 

(Kessel et al. 2016). 

The most recent developments in IOL materials include adjustable 

intraocular lens technologies known as Light-Adjustable intraocular Lenses 

(LALs).  These lenses allow for any residual spherical or astigmatic errors 

post-operatively to be corrected in a non-invasive way.  A digital light delivery 

system uses UV light to modify the curvature and lens power by polymerising 

the silicon monomers in the lens matrix.  When the patient is happy with the 

refraction a lock-in exposure of UV light stabilises the refractive power (Ford 

et al. 2014).  These lenses were first commercially available in Europe and 

Mexico but were approved in the US by the FDA in 2017. These IOLs are 

only available privately in the UK. One advantage of these lens is that 

patients do not have to decide upon their target refraction preoperatively, the 
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options can be shown after surgery and the patient can pick specifically the 

optical power they prefer. While these are currently monofocal IOLs it has 

been demonstrated LALs have the potential to have customised multifocal 

optics (Sandstedt et al. 2006).  It is anticipated adjustable IOLs will become a 

mainstay within the next few decades (Ford et al. 2014). 

1.5.3 Femtosecond laser -assisted surgery  

Femtosecond laser-assisted cataract surgery is another recent advancement 

in cataract surgery. The femtosecond laser is used to perform capsulorhexis, 

followed by fragmenting the lens and creating the corneal wound (Lee et al. 

2019).  Fragmenting the lens using the femtosecond laser results in less 

ultrasound energy and a lower effective phacoemulsification time needed to 

emulsify the lens, thereby reducing corneal endothelium injury (Abell et al. 

2013a).  Whether femtosecond laser-assisted surgery has a benefit to 

refractive results remains inconclusive with some studies finding more 

predictable astigmatic change but no difference in refraction (Manning et al. 

2016; Lee et al. 2019), while others found laser-assisted surgery to have a 

more stable postoperative refraction than conventional surgery (Toto et al. 

2015).  Femtosecond laser-assisted cataract surgery is not routinely 

available on the NHS and is only currently used as part of randomised 

clinical trials comparing the technique with ultrasound phacoemulsification, 

although laser-assisted surgery is offered within private health care. 

1.5.4 Immediate Sequential Bilateral Cataract Surgery  

A recent Royal College of Ophthalmologists report discussed how for the 

past three decades it has been questioned whether immediate sequential 
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cataract surgery (ISBCS) should be adopted as a routine procedure on the 

NHS (Buchan et al. 2020). From 2010 to 2018 only 0.5% of cataract 

surgeries were performed as ISBCS (Buchan et al. 2020) with the technique 

appearing to have the most popularity in Canada (Arshinoff 2012). However 

due to the COVID-19 pandemic the Royal College of Ophthalmologists and 

the UK and Ireland Society of Cataract and Refractive Surgery (UKISCRS) 

jointly recommended more ISBSC in suitable patients to streamline cataract 

services (The Royal College of Ophthalmologists and UK and Ireland Society 

of Cataract and Refractive Surgery) in an attempt to reduce COVID-19 

transmission in hospitals (Naderi et al. 2020; Ahmed et al. 2021). This saw 

an increase of ISBCS from 0.36% in the 5 years before the pandemic to 

3.05% in the 6 months following the reopening of cataract services (Wang et 

al. 2021).  NICE recommend that ISBCS should be considered for patients 

who: (1) are at low risk of operative and postoperative complications, or (2), 

need to have general anaesthesia for the surgery, but for whom general 

anaesthesia carries an increased risk of complications or distress (National 

Institute for Health and Care Excellence October 2017). The vast majority of 

cataract surgeries are low risk for operative and postoperative complications 

therefore there is scope for ISBCS use to increase further. This surgical 

technique may form part of the solution in tackling the ageing population and 

the 52% rise in cataract surgeries expected between 2015 and 2035 

(Buchan et al. 2019). Both bilateral and unilateral cataract surgery had 

similar outcomes and patient satisfaction when both techniques were 

compared using a randomised clinical trial (Lundström et al. 2006; Sarikkola 

et al. 2011; Serrano-Aguilar et al. 2012). ISBCS cost analysis suggested 
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significant savings in health care costs to the NHS (O'Brart et al. 2020) and 

non-health care related costs such as travel and home care (Leivo et al. 

2011; Buchan et al. 2020).  The advantages of ISBCS need to be fully 

discussed with the patient including potential immediate improvement in 

vision in both eyes along with the potential disadvantages of the IOL power 

selection of the second eye not based upon the outcome of the first eye, the 

need for additional support following surgery and the rare risk of a 

complication in both eyes during one theatre sitting (The Royal College of 

Ophthalmologists 2018).  One study from 2016 noted there has never been 

any reports of bilateral simultaneous endophthalmitis when surgical 

recommendations have been followed correctly (Grzybowski et al. 2016). 

Each eye is to be treated as individual and autonomous, with the change of 

gloves, gowns, instruments, coverings, and fluids (Arshinoff 2006; Lansingh 

et al. 2015).  Refractive surprise is also now uncommon in normal eyes 

where optical biometry is used.  If the risk of death from second anaesthesia 

is higher than the risk of blindness, ISBCS is considered.   

1.6 How are patients selected for surgery?  

Referring to the Cataracts in adults: management NICE guidelines 

[NG77] the decision to refer a patient for cataract surgery should be 

based on a number of factors discussed with the patient.  These include: 

�x How the cataract affects the persons vision and quality of life 

�x Whether one or both eyes are affected 

�x What surgery involves, including possible risks and benefits 

�x How the person’s quality of life may be affected if they choose not 

to have cataract surgery 
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�x Whether the person wants to have cataract surgery 

The guidelines also specifically state that the access to cataract surgery 

should not be restricted on the basis of visual acuity. Each area within 

England has a Local Optical Committee (LOCs) who in conjunction with the 

Local NHS trust can negotiate with the Clinical Commissioning Groups 

(CCGs) to fund direct cataract referral schemes within their area.  The 

referral allows for the optometrist to refer directly into secondary care without 

visiting the GP. Any additional medical information is added to the referral 

once it is received in secondary care.  These referral schemes can have 

different criteria requirements creating a “postcode lottery” where a patient 

may not meet the criteria for cataract surgery in one area but would be 

eligible for surgery in another.  In areas where the CCGs do not commission 

a direct cataract referral scheme, referrals are made via the GP to the 

Hospital Eye Service.  Research supports optometric direct cataract referral 

pathways with surgery rates shown to be higher from optometric referrals, 

with the referrals providing better information on visual acuity and 

preoperative information (Park et al. 2009).  A study conducted by (Bowes et 

al. 2018) monitored 773 direct cataract referrals from optometrists over a 

nine-month period.  Eighty six percent of these referrals were listed for 

cataract surgery. The predominant reason for not listing a patient for surgery 

was a failure to reach the visual acuity threshold set by the local clinical 

commissioning guidelines. 

1.6.1 Vis ion/Visual acuity  

The “Commissioning guide: Cataract Surgery” was produced by both the 

Royal College of Ophthalmologists and the College of Optometrists and 
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states that, “visual acuity on its own is not an adequate measure of visual 

disability from cataract and surgery should be considered in the first or 

second eye of patients with significant visual symptoms due to cataract” (The 

Royal College of Ophthalmologists 2018). However in 2012, 71 of 151 

commissioners in England were restricting access due to visual acuity rather 

than visual needs and clinical symptoms.  The study reviewed 67 policies 

and found that 92% of commissioners used criteria that did not reflect 

guidance or research evidence (Coronini-Cronberg et al. 2012).  Health 

economic modelling has shown that delaying cataract surgery until an acuity 

threshold is met in patients who are symptomatic is not cost effective (The 

Royal College of Ophthalmologists 2018).  

1.6.2 Contrast Sensitivity  

Many patients with cataract complain of poor vision yet achieve good visual 

acuity scores (Elliott et al. 1990; Stifter et al. 2006) and this may be due to 

the patient having poor contrast sensitivity and/or high disability glare.  

Contrast sensitivity at low spatial frequencies can be measured using a Pelli-

Robson chart (Elliott 2006).  The results can provide the clinician with a 

better indication of how the patient functions visually in the real world (Elliott 

2006).  As cataracts increase light scatter within the eye the biggest impact 

on vision is normally in bright lights with patients complaining of glare 

symptoms (Elliott 2006).  Reduced vision due to peripheral glare is termed 

disability glare (van den Berg et al. 2009) and has been shown to not 

correlate with visual acuity, particularly for posterior subcapsular cataract 

(Elliott et al. 1989; Van den Brom et al. 1990).  CS testing has been shown to 

be beneficial in patients with early age-related cataract (Adamsons et al. 
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1992; Shandiz et al. 2011), and may help justify referring a patient for 

cataract surgery despite good levels of visual acuity (Elliott and Whitaker 

1992). 

1.6.3 Quality of life  

Many of the direct referral forms and point based referral systems include a 

section regarding the impact of cataract on quality of life such as driving and 

reading, along with social factors.  The Cataract Commissioning Guide 

discusses the measurement of visual disability as a basis for offering 

cataract surgery.  Visual disability includes the effect cataracts have on a 

patient’s lifestyle and daily activities, history of falls, need to continue driving 

and working, and caring responsibilities (The Royal College of 

Ophthalmologists 2018).  Many visual tools have been designed to assess 

visual disability. (McAlinden et al. 2011) compared sixteen cataract surgery 

outcome questionnaires and concluded visual functioning could be effectively 

measured using the Catquest-9SF.  Since then the Cat-PROM5 has been 

developed and validated, and is the most commonly used cataract surgery 

questionnaire instrument within the NHS (Sparrow et al. 2018). The effect of 

cataract on the patient’s quality of life should still be documented in any 

cataract referral, particularly if the decrease in visual acuity does not reflect 

the symptoms the patient is experiencing.  How cataracts can impact a 

patient’s quality of life are discussed further in 1.10.  

1.7 Cataract Pathways  

The cataract pathway has changed over recent years.  Up until the 1980’s 

cataract surgery used to be an inpatient procedure where patients would 
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have multiple appointments with their ophthalmologist (Ingram et al. 1983).  

First to assess ocular health, the benefits of surgery, potential risks and 

confirming the patient is happy to go ahead with surgical intervention (The 

Royal College of Ophthalmologists 2015).  Patients then returned for a 

further appointment for biometry and pre-assessment by their 

ophthalmologist (The Royal College of Ophthalmologists 2015).  They were 

then reviewed on the first day post-operatively by their operating surgeon 

and again two and six weeks later, followed by visiting their optometrist six 

weeks following surgery for an updated spectacle refraction (The Royal 

College of Ophthalmologists 2015). 

 

 

 

 

The efficancy of the pathway has now been streamlined and improved with 

surgery being performed as a day procedure with many patients only seeing 

an ophthalmologist for the surgery itself.  Pre-operative assessments are 

being conducted by health care practitioners (HCP).  These are roles that 

have been developed to involve training in biometry, admission assessment 

and scheduling patients for surgery.  In areas with a direct cataract referral 

Figure 1.6 The traditional cataract pathway has been abandoned. 
Patients would have preassessment/biometry on both eyes prior to 

having their first eye operated. 
 https://www.rcophth.ac.uk/wp-content/uploads/2015/10/RCOphth-

The-Way-Forward-Cataract-300117.pdf  

https://www.rcophth.ac.uk/wp-content/uploads/2015/10/RCOphth-The-Way-Forward-Cataract-300117.pdf
https://www.rcophth.ac.uk/wp-content/uploads/2015/10/RCOphth-The-Way-Forward-Cataract-300117.pdf
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scheme, postoperative assessments along with a new spectacle refraction 

are carried out by a optometrist in practice (figure 1.7).  In areas without a 

scheme the postoperative assessment is carried out by a HCP, in this case a 

hospital optometrist within the hospital setting (figure 1.8). 

 

 
 
 
 

 
 
 
 
 

1.7.1 Direct cataract referral schemes  

The direct cataract referral schemes slightly differ in each Local Optical 

Committee (LOC-Online). After contacting LOCs I gathered referral 

commissioning policies from several areas for comparion. NHS North 

Yorkshire CCG, NHS Vale of York CCG (North Yorkshire and Vale of York 

CCG 2021), Leeds LOC (Leeds LOC 2022) and Suffolk LOC (Suffolk LOC 

2022). All of the forms required the optometrist to ask further medical history 

questions such as enquiring about hypertension, diabetes, anticoagulation 

and drug allergies, with some schemes requiring the patient to complete a 

medical history questionnaire (Suffolk LOC 2022). Ocular health 

Figure 1.7 Hospital Eye Service funded community optometrist 
support. 

https://www.rcophth.ac.uk/wp-content/uploads/2015/10/RCOphth-
The-Way-Forward-Cataract-300117.pdf 

Figure 1.8 Departments with health care practitioners (HCP) where 
the ophthalmologists’ only role in the pathway is to operate. 

 https://www.rcophth.ac.uk/wp-content/uploads/2015/10/RCOphth-
The-Way-Forward-Cataract-300117.pdf 

 

https://www.rcophth.ac.uk/wp-content/uploads/2015/10/RCOphth-The-Way-Forward-Cataract-300117.pdf
https://www.rcophth.ac.uk/wp-content/uploads/2015/10/RCOphth-The-Way-Forward-Cataract-300117.pdf
https://www.rcophth.ac.uk/wp-content/uploads/2015/10/RCOphth-The-Way-Forward-Cataract-300117.pdf
https://www.rcophth.ac.uk/wp-content/uploads/2015/10/RCOphth-The-Way-Forward-Cataract-300117.pdf
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assessement varied but all three forms included visions and visual acuities, 

refraction, and any eye diseases noted (Leeds LOC 2022; Suffolk LOC 

2022).  General factors such as difficulty lying flat and previous reactions to 

anaesthetic are required by some (Suffolk LOC 2022).  Some schemes ask 

about the impact of cataract on lifestyle and social factors (North Yorkshire 

and Vale of York CCG 2021; Suffolk LOC 2022), whereas some do not 

(Leeds LOC 2022).  Certain schemes work on a points based system where 

a patient will be allocated points based upon the impact the cataract is 

having on their level on vision, issues with glare, social functioning such as 

crossing roads, recognising people, recognising coins and their quality of life 

such as their ability to drive and read.  If the patients reaches the threshold 

number of points they can be referred for surgery (North Yorkshire and Vale 

of York CCG 2021; Suffolk LOC 2022). To demonstate the difference in 

direct cataract referral schemes several forms are included below. 
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1.7.2 Pre-operative assessment  
 

Patients using NHS services for their cataract surgery are referred to the 

Hospital Eye Service for cataract surgery either by their GP or optometrist for 

a pre-operative assessment (NHS 2023).  During the pre-operative 

assessment visual function and ocular health are assessed.  Biometry 

measurements are performed which are later used to calculate the IOL 

power that is required (The Royal College of Ophthalmologists 2020).  The 

Royal College of Ophthalmologists Cataract Surgery Guidelines highlight this 

as one of the most important steps in surgery to ensure excellent results are 

achieved (The Royal College of Ophthalmologists 2018).  Non-contact 

optical biometry is the gold-standard as it is accurate, reproducable and easy 

to use (Sahin and Hamrah 2012).  However ultasound axial length 

measurements are required in up to 10% of patients, typically with dense 

posterior subcapsular cataracts (Mylonas et al. 2011).  Identification of needs 

for second eye surgery is also discussed, either due to a cataract being 

present in the fellow eye or due to postoperative anisometropia. 

 

1.7.3 Post -operative assessment  
 

Following updates to the cataract pathway a first day review is no longer 

offered to patients unless complications arose during surgery (The Royal 

College of Ophthalmologists 2015).  Aftercare advice following surgery as 

Figure 1.9 Direct cataract referral forms from Leeds LOC (https://www.loc-
online.co.uk/leeds-loc/cataract-scheme-protocol/), NHS North Yorkshire CCG and 
Vale of York CCG (https://northyorkshireccg.nhs.uk/wp-
content/uploads/2021/04/Cataract-Commissioning-Statement-and-Ref-
Form_v1.0_01.07.2021.pdf), and Suffolk LOC (http://www.suffolkloc.org.uk/wp-
content/uploads/2018/07/Suffolk_Cat_Referral.pdf.) Last accessed 17/04/2023. 

http://www.suffolkloc.org.uk/wp-content/uploads/2018/07/Suffolk_Cat_Referral.pdf
http://www.suffolkloc.org.uk/wp-content/uploads/2018/07/Suffolk_Cat_Referral.pdf
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stated in the cataract commissioning guide should consist of a 2-4 week 

review by a nurse, optometrist or ophthalmologist with a post-operative 

refraction by an optometrist 4-6 weeks following surgery (The Royal College 

of Ophthalmologists 2015).  These two visits may be combined as a single 

postoperative visit if an optometrist conducts the review (The Royal College 

of Ophthalmologists 2015). In areas where there are direct cataract referral 

schemes in place patients are sent to their optometrist within the community 

to perform the postoperative assessment and new refraction four weeks after 

surgery (NHS 2021). During the COVID-19 pandemic post-operative care 

options inluded: a telephone consulation with a non-medical health care 

professioanl 2-4 weeks after surgery and advice to go to their local 

optometrist for a sight test, or a post-operative review with their local 

optometrist (The Royal College of Ophthalmologists 2020). 

The purpose of the follow up is to determine the visual outcome, re-assess 

the post-operative refractive status, and to rule out post-operative 

complications (NHS 2021). The follow up also allows the gathering of data 

needed for the National Cataract Audit Dataset (NHS 2021). The 

appointment should include a discussion around appropriate refractive 

correction post-operatively and consideration for second eye surgery if 

necessary. The clinical procedure for post-op cataract follow up as specified 

by NICE includes: history and symptoms, unaided, aided and pinhole visual 

acuity, pupil assessment, refraction, IOP measurement, slit lamp anterior 

segment assessment and indirect ophthalmoscopy of the posterior segment 

(National Institute for Health and Care Excellence October 2017). 
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Edwards (1997) investigated if the two post-operative checks (1-2 weeks and 

4-6 weeks) could be combined into one visit by discharging routine 

phacoemulsification patients 1 week following surgery with a new spectacle 

prescription, to help reduce clinic load, and reduce unnecessary visits for the 

patient. Eighty four out of the 88 patients were happy with their spectacles 

based on a one-week refraction and discharge was deemed safe at one 

week for patients. 

The Royal College of Ophthalmologists have suggested that the two visits (1-

2 weeks and 4-6 weeks) may be combined into one visit 4-6 weeks following 

surgery. As some post-operative complications can arise up to 4 weeks after 

surgery, combining the two visits at 4 weeks rather than 1 week as used by 

Edwards (1997) may be more appropriate for some patients. 

1.7.4 Complications  
 
As with any surgery there is always the risk of intraoperative or postoperative 

complications.  The Royal College of Ophthalmologists’ National 

Ophthalmology Database (RCOphth NOD) audit between August and 

November 2006 revealed an intraoperative complication rate of 4.2% (Day et 

al. 2015).  The most common was posterior capsular rupture (PCR).  Post-

operative complications such as retinal detachment and endophthalmitis 

were both found to be 0.03% with a higher rate for both if PCR occurred (Day 

et al. 2015).  Significant visual loss was found to occur in 1.5% of eyes with 

ocular co-pathology, intraoperative complication or PCR increasing the risk 

(Day et al. 2015). 

A common delayed complication following cataract surgery that optometrists 

are most likely to see is the development of posterior capsular opacification 
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(PCO).  Due to developments of foldable IOL design and materials the 

incidence of PCO is reported to be lower (Apple et al. 2001), however the 

number of patients with decreased visual acuity due to PCO is still reported 

to be 20% to 40% of patients 2 to 5 years after surgery (Awasthi et al. 2009).  

PCO develops due to remnant epithelial cells within the capsular bag 

following lens extraction.  The cells transform into fibroblast cells and migrate 

to the posterior lens surface (Awasthi et al. 2009).  This can cause 

opacification of the surface resulting in ‘secondary cataract’ (figure 1.9).  

PCO induces the same visual symptoms as cataracts such as reduced visual 

acuity and contrast senstivity, along with disability glare (Sunderraj et al. 

1992) leading patients to believe that their cataracts have begun to return.  

The treatment of PCO involves Nd:YAG laser capsulotomy as the standard 

treatment, a non-invasive and safe procedure providing immediate 

improvement in vision.  The Nd:YAG laser remedies the PCO by creating an 

opening in the opacified posterior lens capsule along the visual axis, with the 

opening gradually increasing with time (Capone et al. 1990).  Thornval and 

Nasea (1995) evaluated spherical equivalent (SE) refraction before and after 

Nd:YAG capsusultomy and found no significant change in refraction following 

the procedure, as did Chua et al. (2001) advising routine refraction is 

unnecessary following uncomplicated Nd:YAG capsulotomy.  Conversely 

one study found a higher hyperopic shift in patients who underwent a larger 

capsulotomy and recommended delaying a new spectacle prescription for 1-

4 weeks following the procedure (Karahan et al. 2014b).  Hu et al. (2000) 

also advised patients to wait 1 week before obtaining a new spectacle 

prescription after finding a decrease of 0.37D of astigmatism following the 
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procedure.  Complications can arise from the procedure such as IOL 

damage and pitting (9.4%)(Ficker and Steele 1985), rise in intraocular 

pressure (9.3%)(Karahan et al. 2014b), cystoid macular odema 

(2.35%)(Henderson et al. 2007), and retinal detachment (2%)(Javitt et al. 

1992), although the risk is low (Karahan et al. 2014a). As with all surgeries 

there is a risk of post-surgical complications and these will be discussed 

below. 

 

A study looking at whole population trends in complications of cataract 

surgery in Western Australia from 1980 to 2001 found 1.6% of cataract 

surgeries had complications (Clark et al. 2011). 

 

 

 

Retinal Detachment 

Retinal detachment was the most common with an incidence rate of 0.70% 

(Clark et al. 2011). The risk of retinal detachment increases each year after 

surgery with a reported increased risk continuing for six years after surgery 

Figure 1.10 Posterior capsular opacification viewed using retro-illumination from the 
fundus. (Elliott 2014a) 
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(Boberg-Ans et al. 2006) with a cumulative risk of 0.9% being calculated four 

years after surgery (Norregaard et al. 1996). In high myopes the cumulative 

risk may not plateau until ten years after surgery (Neuhann et al. 2008).  

Previous retinal detachment in the other eye, long axial length (>23mm), 

male gender, and younger age have been found to be risk factors for post-

operative retinal detachment (Tuft et al. 2006).  

 

Pseudophakic cystoid macular oedema 

Pseudophakic cystoid macular oedema (PCMO) is thought to be caused by 

proinflammatory cytokine release (Minnella et al. 2012; Yonekawa and Kim 

2012). In eyes without operative complications, diabetes or risk factors the 

incidence rate was 1.17% (Chu et al 2016). Patients presented with a 

reduction of visual acuity (down to 6/18 or 6/24) a few weeks after surgery 

(Chan et al. 2010). Risk factors increasing the incidence of PCMO include: 

diabetes, uveitis, epiretinal membrane, previous retinal vein occlusion, use of 

topical prostaglandin analogues, and PCMO following fellow eye surgery 

(Henderson et al. 2007). PCMO can be treated with NSAID alone, with a 

combination of NASID and steroid, steroid alone or with no medication. 

Depending upon the treatment received resolution took from 72 days +/- 6.9 

with NSAID treatment compared to up to 249 days +/- 2.8 days with no 

treatment (Henderson et al. 2007). Due to slow resolution times some 

patients may require new spectacles before the complete resolution of the 

PCMO. Little literature exists on the refractive changes caused by PCMO. 

Central serous chorioretinopathy due to the rapture in the retinal pigment 

epithelium which leads to accumulation of serous fluid beneath the 
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neurosensory retina ���9�X�N�R�M�H�Y�L�ü���H�W���D�O�������������� has been shown to lead to a 

hyperopic shift (Gass 1967). However, PCMO presents more similarly to 

diabetic macular oedema (DMO) which occurs due to retinal swelling (Syed 

et al. 2016). It has been thought previously that as the DMO was resolving 

and flattening this would result in a myopic shift (Sim et al. 2001). A study 

looking at refractive changes following resolution of DMO found no refractive 

change and concluded it was not advisable to defer prescribing spectacles 

while undergoing treatment (Deák et al. 2014). Further research is needed to 

investigate the effect of PCMO on refractive changes.  

 

Corneal oedema 

Cataract surgery induces corneal oedema post-operatively (de Juan et al. 

2013; Sharma et al. 2017). Corneal oedema has been shown to have a 

statistically significant decrease between the first postsurgical day and 2 

weeks post-operatively. This has been shown to continue to decrease up to 

4 weeks post-operatively, however this was found to not be significant (de 

Juan et al. 2013). Automated refraction was found to be stable 1 week after 

surgery despite corneal swelling not stabilising until 2 weeks after cataract 

surgery (de Juan et al. 2013). Corneal oedema has been shown to reduce 

the refractive index of the cornea (Meek et al. 2003) and thereby inducing a 

spherical hyperopic shift up to 2 weeks following surgery (Díez-Ajenjo et al. 

2022). No astigmatic changes have been shown due to corneal oedema after 

cataract surgery (Díez-Ajenjo et al. 2022).   
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Lens settling 

Following cataract surgery, the IOL shifts forward in the first few days 

postoperatively due to the haptic compression force decay against capsule 

contraction and capsule fibrosis and shrinkage (Toto et al. 2015) resulting in 

a hyperopic shift. Following month 1 to month 6 the IOL shifts anteriorly to 

posteriorly due to anterior chamber deepening resulting in a myopic shift 

(Savini et al. 2014). The stability of IOL positioning varies depending upon 

the design of the IOL. The mean absolute error range of the one-piece 

Acrysof IOL has been found to be 0.15 to 0.19D, and the three-piece Acrysof 

IOL has been found to be 0.23 to 0.30D (Savini et al. 2014). 

 

Anterior uveitis 

One study in London found 6.6% of eyes developed postoperative uveitis 

following cataract surgery with posterior capsular rupture being the biggest 

risk factor (Halim et al. 2022). In patients without a history of uveitis or 

autoimmune diseases, persistent anterior uveitis occurred in 2% of eyes 

following uncomplicated phacoemulsification cataract extraction (Reddy et al. 

2019). Age, sex, surgery length, and cumulative dissipated energy were not 

risk factors. The risk has been shown to be higher in African Americans 

(Reddy et al. 2019; Halim et al. 2022). Small pupils and the use of iris hooks 

or Malyugin rings were also found to be risk factors (Halim et al. 2022). The 

inflammation caused by uveitis can result in a myopic shift. This may be due 

to the relaxion of zonular fibres increasing the convexity of the crystalline 

lens (Herbort et al. 2011). Anterior non-granulomatous uveitis has been 

shown to induce -0.25D (95%CI -0.50-0.00) of myopia (Zameni 2019). 
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Drug regime 

Post-operative drugs are usually a 4-week course of steroids and 

antibiotics.  Most UK ophthalmologists provide patients with Tobradex, a 

combination of the antibiotic Tobramycin 3mg and the steroid 

Dexamethasone 1mg four times per day. No literature exists on the effect 

that short-term use of steroid or antibiotic eye drops have on refraction 

following cataract surgery. 

1.8  In-between eye surgeries  

Current guidelines state patients should obtain a new spectacle prescription 

4-6 weeks following surgery (The Royal College of Ophthalmologists 2015). 

However, many patients wait until second eye surgery before obtaining new 

spectacles. Fraser et al. (2013) found only 22% of participants had updated 

their spectacles 12 weeks after first eye surgery.  Due to the refractive 

element of cataract surgery many patients are left with anisometropia 

following first eye surgery and find their existing spectacles unsuitable. For 

example, a patient wearing +2.00DS varifocals with a +2.50D reading add 

after first eye surgery might be left emmetropic in the surgical eye, thereby 

inducing 2.00 dioptres of anisometropia.  As the patient has to wait 4-6 

weeks prior to obtaining new spectacles they either wear their old spectacles 

blurring the surgery eye by 6-8 lines (0.6-0.8 LogMAR) or wear no spectacles 

enabling the patient to use their emmetropic surgical eye for distance but will 

require ready readers for close work.  Patients may also decide to wait until 

second eye surgery before obtaining new spectacles.  This leaves the patient 

with 2.00 dioptres of anisometropia for a longer period, producing aniseikonia 

and the loss of depth perception.  The longer the patient is without 
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spectacles also increases the likelihood of adaptation problems once new 

spectacles are prescribed.  This raises the question of how patients cope 

with this interim period and the advice optometrists and ophthalmologists 

give to these patients awaiting second eye surgery.  Limited research exists 

although one recent study (Webber et al. 2020) found a variety of techniques 

were used by patients’ in-between surgeries, including removing the 

operated eye’s lens from their glasses, patching the lens of the non-operated 

eye, not wearing any spectacles, or continuing to wear their spectacles 

despite their vision being blurred in the operated eye.  None of this advice 

was given by the optometrist or ophthalmologists but rather they were trial 

and error coping strategies used by the patient.  No current research or 

guidelines exist on how optometrists or ophthalmologists should advise 

patients in-between eye surgeries, or if the advice is the same from both 

professions.  This variety of seemingly non-optimal and unguided strategies 

suggests that some form of guidelines would be useful along with further 

research on patient’s coping strategies and advice given by eye care 

professionals. 

1.9 Cataracts and falls  

1.9.1 Prevalence and d efinition of falls  

The British and American Geriatrics Society (AGS/BGS) define a fall as, “an 

event whereby an individual comes to rest on the ground or another lower 

level without known loss of consciousness” (Panel on Prevention of Falls in 

Older Persons - American Geriatrics Society and British Geriatrics Society 

2011).  Falls are common among older people with approximately 30% of 

people older than 65 years of age, and 50% of people older than 80 years of 
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age falling at least once a year (NICE 2013b).  Falls are not random or 

chance events but are typically multifactorial with intrinsic and extrinsic risk 

factors. Not only do falls have a negative impact on patients causing pain, 

loss of confidence, independence and mortality, falls also cost the NHS an 

estimated 2.3 billion pounds per year (NICE 2013b). Visual impairment was 

added as a new risk factor for patients falling in hospital in NICE guidelines in 

2013. Improving visual deficit is recommended by NICE as an intervention in 

the prevention of falls. There is insufficient evidence that targeting vision 

impairment as a single intervention is effective at reducing falls, but as part of 

a multifactorial intervention visual correction has a significant impact on fall 

reduction (NICE 2013a). 

1.9.2 Cataract and falls risk 

Cataracts are known to reduce both visual acuity and contrast sensitivity and 

studies have found a combination of these two factors increase fall risk 

(Anand et al. 2003; Heasley et al. 2004; Black et al. 2014).  Harwood (2001) 

reviewed the literature on visual acuity, contrast sensitivity and risk of falls.  

He found poor visual acuity (variously defined) approximately doubled the 

risk of falls. Odds ratios for fall risks were 1.2-4.8 for visual acuity and 1.2–

1.8 for contrast sensitivity.  Visual impairment is highlighted as increasing 

falls risk in the NICE clinical guidelines [CG161] - Falls in older people: 

assessing risk and prevention.  Although the link between cataracts and 

increased risk of falls is easy to understand, despite a significant 

improvement in vision following cataract surgery, studies have reported no 

corresponding significant reduction in falls.  A systematic review and meta-

analysis assessing the benefits of cataract surgery on visual acuity and 
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reducing fall-related injuries found a significant improvement in visual acuity 

but was inconclusive whether cataract surgery prevented falls (Desapriya et 

al. 2010).  Several other studies have found no improvement in rate of falls 

following surgery (McGwin et al. 2006; Supuk et al. 2016).  Conversely 

several other studies have found a small improvement in fall rates following 

first eye surgery (Harwood et al. 2005; Palagyi et al. 2017) but no 

improvement following second eye surgery (Foss et al. 2006).  This is 

thought to be due to the large change in refractive error following surgery 

(Palagyi et al., 2017), especially any change in oblique astigmatism and/or 

change in spectacle type causing difficulty in adapting to new spectacles 

(Supuk et al. 2016). 

1.9.3 Post -operative spectacles and fall risk  

(Cumming et al. 2007) hypothesised that providing an updated pair of 

spectacles following cataract surgery would reduce the risk of falling and 

tested this hypothesis using a randomised controlled trial (RCT). The results 

of the RCT surprisingly showed that new spectacles increased the risk of 

falling.  Seventy four percent of patients with major changes in refractive 

power fell, in comparison to 52% of patients who had smaller refractive 

changes.  A “major change” in refractive power was defined as: a +/-0.75 

dioptre change or more in the sphere or cylinder, a 10 degree or more 

change in cylinders up to 0.75 dioptres, a 5 degrees or more change in 

cylinders greater than 0.75 dioptres, anisometropia of 0.75 dioptres or more, 

or prism change within his study.  The power of the IOL inserted inside the 

eye is usually calculated to correct the patient’s distance refractive error 

allowing them to see clearly in the distance without spectacles, however 
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despite this 52% of patients still wear distance spectacle correction, but with 

a reduced refractive correction (Supuk et al. 2016).  This can cause large 

changes to the patient’s refractive error and studies have shown that the 

majority of cataract surgeries produce large refractive changes greater than 

the 0.75 dioptres identified by Cummings et al (2007) and increase falls risk 

(Supuk et al. 2016; Palagyi et al. 2017).  One study estimated this doubles 

the risk of falls (Palagyi et al. 2017).   

1.10 Cataracts and quality of life  

When referring a patient for cataract surgery the impact the cataract is 

having upon the patient’s quality of life should be taken into consideration.  

Knudtson et al. (2005) showed that a decrease in visual function (not specific 

to cataracts) was associated with a diminished quality of life and function of 

living activities.  Chia et al. (2004) assessed the impact of visual impairment 

on health-related quality of life.  Non-correctable visual impairment was 

found to have a negative impact on patient’s quality of life with reduced 

functional status, independence, and well-being comparable to that of a 

severe medical condition such as a stroke.  Many questionnaires have been 

developed to assess quality of life associated with visual disability. Some first 

generation outcome measures included the VF-14 (Steinberg et al. 1994), 

the National Eye Institute Visual Function Questionnaire (NEI VFQ) 

(Mangione et al. 1998), and the Activities of Daily Vision Scale for cataract 

surgery outcomes (ADVS) (Pesudovs et al. 2003).  (McAlinden et al. 2011) 

highlighted issues with these first generation measures, showing they 

provide limited assessment of the psychometric properties of the 

questionnaire, problems of multidimensionality (questions do not measure a 
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single construct), and scoring scales that incorrectly assume that the 

quantitative differences between each response is equal and of the same 

value (Massof 2002). These outcome measures have now been superseded 

by the CatPROM-5 and the CatQuest 9SF. The CatPROM-5 (Sparrow et al. 

2018) consists of five items and has been shown to be psychometrically 

robust and suitable for use in high-volume cataract services.  The score 

totals from the five questions can be converted into a single measure of 

difficulty in units of logits.  The CatQuest originally consisted of 17 items 

across 4 subscales (Lundstrom et al. 1997) before being revised to form the 

more concise 9-item version (Lundström and Pesudovs 2009).  A 

comparison of 16 cataract surgery outcome questionnaires (McAlinden et al. 

2011) found the CatQuest-9SF to be the most responsive questionnaire and 

the most effective at determining clinically important changes due to cataract 

surgery. 

Not only have cataracts shown to have a negative impact on quality of life 

before surgery, one study has shown the 4-6 weeks postoperative period 

when a patient is waiting to update their spectacle prescription can have a 

negative impact on quality of life. (McNamara et al. 2019) assessed the 

quality of life of patients using a questionnaire at 2- and 4-weeks following 

cataract surgery. The patients were left emmetropic and were asked to 

determine the impact of uncorrected near vision on their ability to do chores.  

At 2 weeks 61% said they were affected somewhat or a lot, which increased 

to 82% at week 4. This highlights that  a delay between surgery and the 

prescribing of new spectacles is not only inconvenient to the patient but may 
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also have a negative effect on their quality of life during the post-operative 

period (Mojon-Azzi et al. 2008; Mojon-Azzi et al. 2010). 

1.11  Current post surgical and refractive care advice following cataract 

surgery  

1.11.1 Spectacle Advice  

Current post surgical and refractive care is limited to the Royal College of 

Ophthalmologists’ cataract surgery guidelines, which merely advise patients 

to update their spectacles 4-6 weeks following surgery and advises a follow 

up for second eye surgery for patients who have a cataract in their fellow 

eye.  Cataract surgery recovery advice on the NHS website 

(https://www.nhs.uk/conditions/cataract-surgery/recovery/ - accessed 

14/02/2022) lists common side effects the patient may have such as 

grittiness, watering, blurred vision, do and don’ts, advice when to seek 

further help, and recommends obtaining new spectacles 6 weeks following 

surgery to allow the eye to be completely healed.  The discrepancy between 

ophthalmologists advising spectacles at 4-6 weeks, and the NHS website 

advising patients at 6 weeks may be confusing for patients meaning patients 

wait an additional 2 weeks to obtain new spectacles than is actually required.  

This requires further research to determine how soon refraction is stable 

following surgery and how quickly patients can obtain new spectacles. There 

is no guidance from the Royal College of Ophthalmologists, the College of 

Optometrists, or the NHS on refractive advice for patients in the interim 

period between first eye and second eye surgery or any advice on adaptation 

periods with new spectacles following surgery. Information needs was one of 

the three main themes found in a focus group study exploring individual 

https://www.nhs.uk/conditions/cataract-surgery/recovery/
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patient experiences (Webber et al. 2020).  The study found that participants 

were generally happy with the aftercare information they received following 

surgery, however the information they received regarding post-surgical 

information and how soon they could drive following surgery varied between 

eyes, depended upon the consultant performing the surgery, or which 

hospital they attended.  A lack of advice on adaptation problems and coping 

strategies was found, particularly in the interim period between eye 

surgeries. 

1.11.2 Driving Advice  

While the NHS website states cataract surgery should allow the patients to 

return to normal activities such as driving, no advice is provided regarding on 

how soon following surgery patients can begin to drive 

(https://www.nhs.uk/conditions/cataract-surgery/recovery/ - accessed 

14/02/2022).  No advice is currently provided in Royal College of 

Ophthalmologists or the College of Optometrists guidelines either (accessed 

14/02/2022). The focus group study mentioned above (Webber et al. 2020) 

also highlighted an unmet need for information about how soon the 

participants were able to drive after surgery. As most of the participants had 

been motivated to have surgery due to concerns about driving, knowing 

when they would be able to drive is important information for the patient.  

Some participants reported receiving no information, and those who did 

reported recommendations that varied wildly from waiting a few days to 

several weeks. Fraser et al. (2013) reported some bilateral cataract patients 

did not benefit from first eye surgery in terms of driving difficulty. They also 

noted that improvements in driving difficulty were associated with an 

https://www.nhs.uk/conditions/cataract-surgery/recovery/
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improvement in contrast sensitivity rather than visual acuity. Other studies 

have reported some bilateral cataract patients continue to experience visual 

impairment even after first eye surgery (Acosta-Rojas et al. 2006; Comas et 

al. 2007), potentially due to induced anisometropia and stereopsis problems.  

A reduction in binocular contrast sensitivity can also occur with increasing 

differences in monocular contrast sensitivity values. It has been shown as 

the difference in contrast sensitivity between the two eyes increases the 

amount of binocular summation decreases until eventually binocular 

inhibition occurs where the sight improves when closing the eye with the 

poorer contrast sensitivity (Pardhan and Gilchrist 1991).  This raises 

questions of whether patient driving advice should differ for those in the 

interim period between first eye and second eye surgery compared to those 

who have had second eye surgery, and whether it is appropriate for visual 

acuity to be used to determine if a patient is safe to drive following surgery 

(Desapriya et al. 2011). 

1.12  Development of refractive management guidelines  

From this literature review there is an obvious lack of good information for 

patients and guidelines for clinicians regarding target refraction discussion 

and spectacle provision following cataract surgery.  Cataract surgery is the 

most commonly performed surgery within the NHS with the number of 

surgeries increasing every year.  With the development of guidelines, the 

overall outcome of cataract surgery could be significantly improved.  The aim 

of my PhD was to develop evidence-based pre and post-operative refractive 

management guidelines following cataract surgery, developed between 
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optometrists and ophthalmologists.  From reviewing the literature, the 

research questions that needed to be asked included the following:  

�x How soon is refraction stable following cataract surgery? Current 

guidelines appear to be based on older surgical techniques and earlier 

provision of spectacles may be possible. 

�x What is the current refractive advice given by ophthalmologists and 

optometrists during the interim period between first eye and second 

eye cataract surgery, and is the advice the same from both eye care 

professionals? 

�x How soon can patients drive following surgery, what is the current 

advice from ophthalmologists and optometrists and why does it 

appear to vary considerably between different clinicians? 

�x How can greater patient involvement in the decision of their post-

operative refraction be provided, with a clearer understanding of the 

options available to them? 

�x How can improved patient information on refractive outcomes 

following surgery be provided?  

�x What driving advice is appropriate following cataract surgery? 

 

The intention is that the PhD studies will lead to the development of pre- and 

post-operative refractive management guidelines, which would be 

disseminated to both ophthalmologists and optometrists to improve the 

overall outcome of this surgery.  The overall aim is for patient knowledge and 

satisfaction to improve with educational materials such as information leaflets 

and public access to the guidelines. Improving the cataract process and 
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refractive advice is anticipated to help with reducing falls rate in older people.  

Within the next 25 years the number of people over 75 years is expected to 

rise over 90%, with the number of people over 85 years expected to rise by 

over 140% (Office for National Statistics 2014). With the ageing UK 

population both the number of cataract surgeries and number of hospital 

admissions due to falls is likely to increase, hence evidence-based 

guidelines are needed. 
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Chapter 2: When is refraction stable following routine 
cataract surgery?  A systematic review and meta-analysis 

The contents of this chapter were published as Charlesworth, E, Alderson, 

AJ, de Juan, V, & Elliott, DB. When is refraction stable following routine 

cataract surgery? A systematic review and meta-analysis. Ophthalmic 

Physiol Opt 2020; 40: 521-539.https://doi.org/10.1111/opo.12719 

(Appendix D1) 

2.1 Introduction 

Cataract surgery is the most common surgery performed in the UK with 

approximately 400,000 surgeries per year and between 2015-2035 this is 

anticipated to increase by 50% (The Royal College of Ophthalmologists 

2015). Current guidance from the UK Royal College of Ophthalmologists 

states that new glasses should only be provided 4-6 weeks after surgery 

(The Royal College of Ophthalmologists 2018).  Although there have been 

great advancements in the surgical procedure of cataract surgery, aftercare 

guidelines regarding when refraction is stable have not been updated to 

reflect this. Oshika and Tsuboi (1995) assessed the timings of astigmatic and 

refractive stabilisation following six different surgery procedures. They 

showed that while 11mm and 6.5mm incision sizes did not stabilise for more 

than 3 months, the 3.2mm incision group stabilised at 2 weeks post-surgery.  

With further advancements since this study was published in 1995, incisions 

are now between 1.8-2.75mm (Davis 2016), and it has been demonstrated 

that smaller incisions lead to faster refractive stabilisation (Wei et al. 2012; 

Lee 2013). 

https://doi.org/10.1111/opo.12719
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Post-operative drugs are usually a 4-week course of steroids and 

antibiotics.  Most UK ophthalmologists provide patients with Tobradex, a 

combination of the antibiotic Tobramycin 3mg and the steroid 

Dexamethasone 1mg four times per day.  There are lots of variations as 

sometimes the bottle runs out, so frequencies of three times per day for 3 

weeks or four times per day for 2 weeks then twice per day for a further 2 

weeks are used or patients are given two bottles to take home post-

operatively (Paul Ursell, personal communication, 24/10/2022). 

Some ophthalmologists don’t like the Tobramycin component so use 

Maxidex (dexamethasone) and Chloramphenicol with similar frequencies 

(Paul Ursell, personal communication, 24/10/2022). 

If a patient has a risk factor for developing cystoid macular oedema then a 

non-steroidal anti-inflammatory (NSAID) drop such as Yellox (active 

ingredient: Bromfenac sodium sesquihydrate) or Acular (active ingredient: 

Ketorolac) are often prescribed for 4 weeks at a frequency of four times per 

day (Paul Ursell, personal communication, 24/10/2022).   

There appear to be substantial advantages in providing new glasses quicker 

than 4-6 weeks.  A delay between surgery and the prescribing of new 

spectacles has been shown to not only be inconvenient to the patient but 

may also have a negative effect on their quality of life during the post-

operative period (Mojon-Azzi et al. 2008; Mojon-Azzi et al. 2010; McNamara 

et al. 2019). This is also exacerbated by the fact that the average age for 

cataract surgery is decreasing, many patients are still in employment, and 

there is a much increased need for near vision in the digital age (Keenan et 

al. 2007). Monofocal IOLs are the only IOLs available via the UK NHS 
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therefore patients require either new reading or distance glasses for 

complete visual restoration after surgery. Although patients opting for an 

emmetropic target refraction may be able to use ‘ready reading’ glasses for 

close work and reading tasks, those with astigmatism or preferring the 

convenience of multifocal glasses will struggle. Those patients opting for a 

myopic target refraction to provide spectacle independence for reading and 

near tasks (typically patients who are myopic pre-surgery and thus used to 

being able to read without glasses) will struggle with distance vision tasks 

such as driving for at least 4-weeks after surgery. Surgeons may also be 

more open to myopic target refractions if patients can receive spectacles 

sooner than 4-6 weeks (Kora et al. 1995; Hayashi and Hayashi 2007).  

Finally, less time adapting to different spectacles is likely to be beneficial in 

terms of issues such as falls (Cumming et al. 2007; Elliott 2014b; Supuk et 

al. 2016; Palagyi et al. 2017). For example, waiting 4-6 weeks following 

surgery is sufficient time for patients to adapt to their vision with whatever 

correction they wear post-surgery (if any), and patients then need to re-adapt 

to any new spectacle correction (i.e., two adaptation periods) (Supuk et al. 

2016). Obtaining spectacles just one-week post-surgery would likely lead to 

just one adaptation period (Supuk et al. 2016). 

We hypothesised that refractive error stabilises after cataract surgery quicker 

than the current guidelines of 4-6 weeks suggests and this was tested using 

a systematic review and meta-analysis.  The results of this analysis can be 

used to determine whether post-operative refraction guidelines need to be 

revised.  
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2.2 Methods  

2.2.1 Search strategy and inclusion criteria  

To make the research process transparent a protocol was set out in 

advance. Medline, CINAHL, AMED, Web of Science, Embase and the 

Cochrane Library were searched up to August 1st 2019 using the key words 

listed in Table 2.1.  Reference lists of all included papers were hand 

searched along with the citation chains of the papers using Google Scholar. 

To reduce publication bias (Rudnicka and Owen 2012) unpublished literature 

in Europe was searched using www.opengrey.eu.  Papers not published in 

English were not included in the review as no translation services were 

available.  The study’s inclusion criteria were: 

�x Adults undergoing routine, uncomplicated cataract surgery for age-

related cataracts 

�x Manual cataract surgery via clear corneal incision  

�x Cataract aspirated using phacoemulsification 

�x Sutures not required to close the corneal incision 

�x Monofocal intraocular lenses (IOLs) implanted 

�x Refraction measured within 1-week of surgery either subjectively or 

objectively and at regular intervals until 4-weeks after surgery 

�x Conducted in an upper-middle-income or high-income economic 

country (defined by the World Bank as a GNI per capita between 

$3,995 and $12,376) (World Bank 2019). 

�x Published in English 

The exclusion criteria were: 

�x Pre-existing ocular co-morbidities 
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�x Toric IOLs implanted 

�x Multifocal IOLs implanted 

�x Femtosecond laser-assisted cataract surgery 

If a study compared different surgical techniques they were included in the 

review but only data relevant to our specific surgical technique was included. 

Table 2.1 showing how the search terms were combined during the initial database 
searching. *denotes a search for any word that begins with these letters. 

 

The process was started to register the review with Prospero.  At that time, 

the protocol could be submitted if the reviewers had not completed their data 

extraction.  Prospero changed this to only accept reviews where data 

extraction had not yet started, and the protocol became no longer eligible to 

be published.  

2.2.2 Paper selection  

Two reviewers EC and AA independently searched the databases using the 

defined strategy.  All papers were stored in Endnote and checked for 

duplicates using the Endnote find duplicates function. The title and abstracts 

were screened by the two reviewers to assess if they met the criteria.  Each 

reviewer produced a list of papers which were then compared, and any 

paper identified by one reviewer was assessed by another researcher DE 

who made the final decision on inclusion of the paper.  Both EC and AA read 

Search Terms  

“Cataract Surgery”  

 

Stable 

   

Refracti* Optometrist* 

Cataract  Stabili* Spectacle* Vision 

 “Cataract extraction”    Eyeglass* “Visual acuity” 

IOL  Glasses  

Phacoemulsification   “Spectacle 
prescription” 

 

“Intraocular lens”    Optometry  

AND AND 
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the identified papers in full before making a final decision on eligibility.  The 

final list of papers was compared once again, with any discrepancies re-read 

by DE.  EC and AA manually screened the reference lists and citation chains 

of each included paper.  All papers were stored in Endnote and checked for 

duplicates.  A PRISMA flow diagram was used to document each step 

(Figure 2.1).  

2.2.3 Quality assessment of studies  

Data extraction forms were created using the Critical Appraisal Skills 

Programme (CASP) quality assessment tool guidelines (CASP 2013). Data 

extraction forms were completed independently by EC and AA for all of the 

included papers, with any disagreements resolved with the assistance of DE. 

The quality of the papers was evaluated using the first eight items (those 

relating to observational and non-comparative studies) of the Methodological 

Index for Non-Randomised Studies (MINORS) (Slim et al. 2003). Each 

question was scored on a 3-point scale from 0 to 2, with zero being used if 

the item was not reported in the study, 1 if the item was reported but not 

adequately, and 2 if the reporting of the item was adequate, giving a range of 

0 to 16.  Each study was independently scored by 3 reviewers (EC, AA, 

DBE) with any discrepancy being resolved by discussion.  The MINORS 

scores of quality assessment are presented in Tables 2.3 and 2.4.   

2.2.4 Data extracti on and analysis  

The mean refraction data (spherical, cylindrical, and spherical equivalent, 

SE) were extracted from each paper at all time intervals and included with 

the standard deviation (SD) and number of participants into an Excel 

spreadsheet. Cylindrical data were converted into minus cylinder format if 
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required before analysis.  Sphere and cylindrical data from an individual 

study were not combined to create SE data (sphere + [0.5 * cylinder]) as the 

SD of SE could not be accurately derived. Refraction data were compared at 

1-week vs 4-weeks, and 2 weeks vs 4-weeks. Four weeks was chosen as 

the refractive comparison as it is the earliest time point at which the Royal 

College of Ophthalmologists recommend updating spectacles following 

surgery. It also allowed a more comprehensive meta-analysis as no studies 

measured refraction 6 weeks following surgery.  Effect sizes were derived 

from each study using the mean, SD and N already extracted using the 

procedures outlined by Hedges and Olkin (1985). The mean difference was 

used to combine the two variables (refraction at 1-week and 4-weeks). 

Pooled SD and 95% confidence interval (CI) were derived (Hedges  and 

Olkin 1985). The effect size calculations were performed using Review 

Manager (RevMan) 5.3 (Review Manager (RevMan) [Computer program] 

2014). The effect size provides the absolute measure of the difference 

between the two groups in the study and an effect size of 0 was indicative of 

no difference between refraction at 1-week vs 4-weeks or 2-weeks vs 4-

weeks. The overall effect size was determined by considering the effect size 

of all the studies using a weighted fixed effects model. Initial inspection of our 

data suggested no variability in effect size between studies therefore a fixed 

effect rather than a random effects model was used (Ahn and Kang 2018). A 

fixed effect model can be used when studies are considered to have the 

same design and methodology. The variance within the studies is small and 

is thought to be due to random error therefore the model assumes that the 

effect is the same within the studies (McKenzie et al. 2016). The contribution 
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of each study effect size to the overall weighted effect size was determined 

by the inverse variance-weighted estimation as described by Hedges and 

Olkin (1985). 

Homogeneity tests were conducted to evaluate if the degree of heterogeneity 

was greater than would be expected to occur by chance (McKenzie et al. 

2016). The Cochrane’s Q test (chi-squared) and the Higgins I2 statistics were 

calculated.  To calculate the p value of the chi-squared test the null 

hypothesis assumed all studies were homogeneous.  A significant Q value 

indicates the variability in the effect size among the studies is more than can 

be accounted for due to sampling error.  For the Q statistic the p-value from 

the chi-squared test calculated from the Forest plot has to be less than 0.1 to 

show statistical heterogeneity (Ahn and Kang 2018).  I2 provides an 

indication of the total variability among the ES and produces a value between 

0-100%.  A value greater than 75% indicates strong heterogeneity, 50% is 

average, and less than 25% indicates strong homogeneity (Ahn and Kang 

2018). The significance of the summary effect size of the meta-analysis was 

calculated using a two-tailed Z test (effect size/standard error) of the null 

hypothesis that time had no effect on refraction.  A Z table was then used to 

find the corresponding p value. 

2.3 Results  

Initial searching identified 6680 papers with 3812 of these duplicates leaving 

2868.  Title and abstract screening determined 40 of these should be read in 

full as they initially appeared to satisfy the inclusion and exclusion criteria.  

After reading the studies, 31 papers were excluded with the reasons why 

listed in Table 2.2.  Nine papers were found to assess refractive stability by 
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either automated or subjective refraction following uncomplicated 

phacoemulsification cataract surgery and are listed in Tables 2.3 and 2.4 

(Oshika and Tsuboi 1995; Lyle and Jin 1996; Edwards et al. 1997; Sugar et 

al. 2001; de Juan et al. 2013; Conrad-Hengerer et al. 2015; Toto et al. 2015; 

Caglar et al. 2017; Ostri et al. 2018; McNamara et al. 2019). Three studies 

gave no details of how refraction was measured (Lyle and Jin 1996; Sugar et 

al. 2001; Conrad-Hengerer et al. 2015). 

 

Table 2.2 Reason for rejection of papers from the systematic review. 

 

Five of the studies attempted to determine when refraction was stable 

following cataract surgery.  Two studies compared standard 

phacoemulsification with femtosecond laser assisted cataract surgery.  The 

remaining two studies assessed IOL selection choice. Two studies were 

conducted in the United States and one in each of UK, Germany, Spain, 

Japan, Denmark, Italy, and Turkey.  

Reason for rejection of paper Number of 

papers rejected 

Incorrect surgical technique 9 

Refraction not measured at 1 week and up to 4 weeks 

after surgery 

7 

Refraction not measured 4 

Paper not written in English 4 

Abstract only 4 

Not routine surgery 1 

Toric IOL 1 

Low economic country 1 
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Four studies were omitted from either the 1-week vs 4-weeks meta-analysis 

or 2-week vs 4-weeks meta-analysis with the reasons for non-inclusion 

provided in table 2.3. They were still included in the systematic review as 

part of a qualitative analysis. 

Five studies (301 eyes) were included in the meta-analysis as they 

compared refraction at 1-week vs 4-weeks and included the relevant SE 

(three), spherical (one) and cylindrical (three) data and are summarised in 

Table 2.4.  We contacted one author for clarification of their data as the data 

included in the text did not match the table (Caglar et al. 2017). No 

clarification was received so the spherical data from the paper were 

excluded. 



59 
 

 

Records identified through 
database searching by EC 

and AA 
(n = 6680) 

Records after duplicates removed  
(n = 2868) 

Records screened independently by EC 
and AA using titles and abstracts  

(n = 2868) 

Full-text articles 
assessed for eligibility 

by EC and AA 
(n = 40)   

Full-text articles 
excluded, with 

reasons  
(n = 31) 

Studies included in 
qualitative synthesis  

(n = 9) 

Studies included in 
quantitative synthesis 

(meta-analysis)  
(n = 5)  

 

Records excluded  
(n = 2828) 

Extra articles found through hand 
searching reference lists and 

citation chains of included papers  
(n = 0) 
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   Figure 2.1 PRISMA flowchart showing the number of papers at each stage of the review 
process. 
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Table 2.3  Papers which were included in a qualitative analysis but not the quantitative meta-analysis. Key: P: prospective; SE: 
Spherical equivalent, SD: standard deviation; VA: visual acuity; * MINORS was scored out of 16. 

 
 
 
 
 
 
 
   

Paper Study 

design 

N Refraction 

details 

Time intervals 

of refraction  

MINORS 

score* 

Reason for non-inclusion VA 

measurement 

Surgical 

Technique 

Conclusions regarding 

refractive stability  

Caglar et 
al. (2017)  

P 62 Automated, 
sphere and 
cylinder 

1 day, 1-week, 
2-weeks, 1 
month 

10 Data errors in spherical 
data, cylinder appears to 
have been measured in 
plus and minus cyl format 

Not stated 2.8 mm temporal 
incision 

Possible to prescribe 
glasses 2 weeks after 

uneventful surgery 

de Juan et 
al. (2013)  

P 124 Mean of 3 
autorefractor 
(ARK-30) 
results 

Pre-op, 1-
week, 2, 3 & 4-
weeks 

8 Provided mean and SD 
data using data from both 
eyes 

Not stated 2.75mm incision at 
11 o’clock 

Can prescribe 
spectacles at 1-week 

post-op 

Edwards et 
al. (1997)  

P 88 Subjective 
refraction by 
an optometrist, 
sphere, 
cylinder and 
axis 

1-2 weeks and 
3-4 months 

11 Only mean and SD of 
change provided 

Snellen 3.2-3.5mm incision Can prescribe 
spectacles at 1-week 

post-op 

 
Ostri et al. 
(2018)  

 
P 

 
95 

 
Automated 
refraction, 
sphere, 
cylinder and 
SE 

 
6-9 days and 
3-5 weeks 

 
11 

 
Only mean and SD of 
change provided 

 
Not stated 

 
2.4mm incision at 

limbus 

 
Sphere and SE 

Automated refraction 
is stable 1-week after 

surgery 
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Table 2.4 Papers included in the 1-week vs. 4-weeks or 2-weeks vs. 4-weeks meta-analysis. Key: P: prospective; R: retrospective; SE: 
spherical equivalent, SD: standard deviation; VA: visual acuity; * MINORS was scored out of 16. 
 

 

Paper Study 

design 

N Method of refraction  Time intervals of 

refraction  

MINORS 

score* 

 

VA measurement Surgical Technique Conclusions regarding 

refractive stability 

Conrad-
Hengerer et 
al. (2015)   

100 “manifest refraction” Pre-op, 2 hours, 
3 days, 1-week, 
1, 2, 3 & 6 
months 

6 LogMAR 
converted to 

decimal 

2.75mm at steepest 
meridian  

Not applicable – 
different research 

question 

Lyle et al. 
(1996)  

P 50 “manifest refraction” 30 mins, 1 day, 
1-week, 1 & 3 
months 

7 Snellen converted 
to decimal 

3.25mm incision Not applicable – 
different research 

question 

Oshika et al. 
(1995)  

P 52 Objective refraction, 
SE & corneal 
astigmatism (based on 
keratometry) 

Pre-op, post-op, 
1 & 2 weeks, 1, 
3 & 6 months 

5 Not stated 3.2mm incision at 12 
o’clock 

Spherical equivalent 
stable at 2-weeks 

Sugar et al. 
(2001)  

R 59 “manifest refraction” 
(SE not used as SDs 
not provided), cylinder 
and axis  

Post-op, 1-
week, 1 & 4 
months 

8 Snellen converted 
to LogMAR, 
averaged, 

converted back to 
Snellen 

3.5mm temporal 
incision 

Refractive error 
stabilised at 1-week in 

80% of eyes 
 

Toto et al. 
(2015)  

P 40 Subjective refraction, 
SE 

7, 30 & 180 

days 

11 LogMAR 2.75mm incision Not applicable - 
different research 

question 

P 
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2.3.1 Potentials for bias  

For most studies cataract surgery was only conducted at one hospital with 

one exception (Caglar et al. 2017). This makes it difficult to say whether the 

patients at each of these hospitals were representative of the general 

population. Depending on healthcare systems in different countries and 

areas, patients may have to reach a certain level of visual acuity (VA) or 

cataract density before receiving surgery which may have resulted in 

selection bias for surgery. Eight studies had a prospective design, however 

only (Toto et al. 2015) attempted to calculate a prospective study size.  Few 

discussed how many patients were excluded due to the tight inclusion and 

exclusion criteria (Edwards et al. 1997; Sugar et al. 2001; Ostri et al. 2018). 

This information is critical to know how applicable the findings are to the 

general population.  How and who measured refraction has the potential to 

bias the study endpoint.  If refraction was measured subjectively the 

optometrist should be blind to the previous refraction and the MINORS 

results reflect this.  (Edwards et al. 1997) was the only study to mention that 

an independent observer conducted the subjective refraction. Despite the 

refractive correction being the main outcome for the listed studies (Table 

2.4), in most reports it was described in a nominal way (“manifest refraction”) 

(Lyle and Jin 1996; Sugar et al. 2001; Conrad-Hengerer et al. 2015). One 

study (de Juan et al. 2013) included data analysis from both eyes, which are 

not statistically independent (Armstrong 2017) therefore the data from this 

study were excluded from the meta-analysis. All of the studies did not aim for 

an emmetropic target refraction, however as the analysis was calculated 
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measuring the change in refraction from 1 week postoperatively to 4 weeks 

postoperatively this was deemed inconsequential. 

 

2.3.2 Studies not included in the meta -analysis 

Four studies were not included in the meta-analysis with reasons why listed 

in Table 2.3.  Data were excluded from (Caglar et al. 2017) due to errors in 

the spherical and cylinder data. The mean and standard deviation (SD) of the 

cylinder powers are confusing and suggest that some of the data were in 

minus cylinder form and other data in plus cylinder form. If so, this would 

have also produced variability in the spherical powers due to transposition 

differences with plus or minus cylinder (e.g.,+4.00/-2.00 x 90 is equivalent to 

+2.00/+2.00 x 180). We attempted to contact the authors to query these 

issues but did not receive a response. They concluded spectacles could be 

prescribed 2 weeks following uneventful cataract surgery.  The remaining 

three studies (Edwards et al. 1997; de Juan et al. 2013; Ostri et al. 2018) 

concluded refraction was stable after 1-week. De Juan grouped together 

mean and SD using data from both eyes of most patients,  without correction 

for the lack of independence of right and left eye data (Armstrong 2013). We 

contacted the lead author, but the full data set was not available, and the 

data could not be separated into right and left eye data. Ostri et al. (2018) 

compared automated refraction 1-week and 1 month after uncomplicated 

surgery and while they noted there was no change between sphere and SE 

the cylinder increased and was not stable after 1-week.  This study however 

was not included in the meta-analysis as only the mean and SD of the 
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change in refraction was provided and therefore an effect size could not be 

calculated for this study. 

2.3.3 Studies included in the meta -analysis 

The ES of all five papers (green square symbols, size of square 

representative of weighting) along with the combined ES (diamond symbol) 

are shown in the Forest plots in Figure 2.2.  The plot shows the ES of time 

(1-week vs 4-weeks) on refraction with an ES of 0 indicating time had no 

effect on refraction.  The ES, Q statistics and I2 statistics for SE data were 

ES= -0.01 (95% CIs of -0.12 and 0.10; Z=0.13 p=0.90), Q =0.03 (p=0.99), I2 

= 0% ;spherical data: 0.00 (95% CIs of -0.17 and 0.17; Z=0.0 p=1.0); 

cylindrical data: ES = +0.06 (95% CIs of -0.05 and 0.17; Z=1.02 p=0.31), Q= 

1.18 (p=0.55) and I2 = 0%. All p-values indicate there was no evidence of 

time having an effect on refraction, with I2 values showing high homogeneity 

across all studies. 

The lack of statistical significance found between the data at 1-week and 4-

weeks could be due to a lack of sufficient data to detect a true difference (a 

type 2 error or false negative). The statistical power of the meta-analysis was 

calculated using the method described by Valentine et al. (2010) using the 

smallest meaningful difference of 0.25D, a type 1 error rate (alpha) of 5% 

and a two-tailed test to analyse for a significant effect in either direction. The 

estimated statistical power of the meta-analysis was 99.2% for SE (three 

studies of mean N = 64), 81.8% for sphere (one study, N=100) and 99.4% for 

cylinder (three studies of mean N =70). The power of the study to find a 

0.25D difference is therefore greater than the traditionally acceptable 80% 
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power and the possibility of a type 2 error (false negative) for SE and cylinder 

is very small at ~0.7%. 

 

Figure 2.2 A Forest plot of weighted effect size for the five studies at 1-week and 4-
weeks.  Each study’s individual effect size is represented by the green square with 
the size of the square relative to the weight of the study.  Error bars signify 95% 
confidence intervals.  Combined effect size is given by the diamond for each 
subgroup.  The vertical line at zero indicates time had no effect on refraction. 

 

A meta-analysis for 2-weeks vs 4-weeks was also conducted and the results 

were consistent with the 1-week vs 4-weeks meta-analysis, although there 

was only one set of data for each of spherical, SE and cylinder so these are 

not shown. A funnel plot is normally used to check for the presence or 

absence of publication bias.  The power of the test can be too low to 

distinguish chance from real asymmetry with less than ten studies so no plot 

was included (Higgins et al. 2019). 
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2.4 Discussion  

The results of the qualitative analysis and meta-analysis strongly suggest 

that refraction is stable one week following routine cataract surgery, with the 

meta-analysis having relatively high statistical power.  However, this analysis 

pertains to group data and not individual patients, so further investigation of 

possible outcomes for individual patients was performed.  

The study by (Edwards et al. 1997) is hugely relevant in this regard as they 

discharged 88 patients with a prescription for new glasses 1-week after 

surgery and they returned 3-4 months later where a refraction by an 

independent clinician was performed and any patients with improved VA who 

wished to change, obtained new glasses.  Eighty-four out of the 88 

participants had a stable spectacle prescription (95%), with just four (5%) 

receiving new glasses.  A 5% level for patients wanting a change in glasses 

at that 3-4 month check is excellent, given that those patients who had a 

change in prescription and/or visual acuity were formally asked whether they 

would like to change their glasses. In high street optometry practice, some 

patients are so unhappy with new glasses that they actively return to their 

optometrist to complain about them (i.e., without being asked if they are 

satisfied: 2.1% (Bist et al. 2021); 2.3% (Beesley et al. 2022) so that 2% 

effectively represents the floor for such assessments. Other studies have 

shown that when specifically asked whether they find glasses acceptable or 

not when comparing glasses that were accurate or contained dioptric errors, 

13% (Atchison et al. 2001) and 21% (Miller et al. 1997) reported a perfectly 

accurate prescription to be unacceptable. 5% therefore appears minimal. 

The data from these four patents confirm the lack of any systematic or large 
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changes in refractive correction: The term 'magnitude' and the range of 0.0 - 

0.625 strongly suggest that 0.10D is an absolute number and counts 

hyperopic and myopic shifts in the same way. This is also supported by a 

mean magnitude of SE in the four patients who received a changed 

prescription of 0.43D, while the "mean change" (presumably including 

myopic shifts as negative) was 0.0D.  The ‘errors’ in the 5% of patients who 

changed their 1-week refraction-based glasses at 3-4 months were therefore 

small, generally less than 0.50D and each improved Snellen VA by just one 

line.   

We contacted the lead author of several papers and asked whether they 

would be willing to share their data if it was still available and a previous 

version of the dataset from (de Juan et al. 2013) was provided (N=72). These 

data were assessed using a clinical approach looking at spherical, cylindrical 

and axis data to determine if there were any patterns in those patients whose 

post-operative refractive corrections (determined by autorefractor) that did 

not seem to have stabilised at 1-week. At 1-week 94% and 89% of patients 

were within 0.50DS and 0.50DC of their spherical and cylindrical refraction at 

4-weeks respectively. However, five of 72 (7%) had differences between 

post-operative cylinder at 1 and 4-weeks of more than 0.75DC and these are 

shown in Table 2.5. Given that the mean cylinder change from pre-op to 1-

week is +0.38 with the majority of patients having no change or a reduction 

in cylindrical power (64 of 72 were 0.50DC or less, 89 %) it is notable that 

four of the five outliers showed large increases in cylinder power (-1.80DC) 

and/or large changes in axis (46 degrees). In addition, there are no patients 

with relatively stable corrections (i.e., 1-week to 4-weeks less than 0.75DC) 
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whose cylindrical correction increased significantly between pre-op and 1-

week. We propose that major cylindrical power and/or axis changes from 

pre-operative to 1-week corrections suggest that refractive stability has not 

yet occurred, and the correction should not be prescribed. It is possible that 

some of these large changes were partly due to the use of autorefraction 

rather than subjective refraction to determine refractive change. 

Autorefraction data was collected using a hand-held machine and was 

shown to produce poor repeatability in cylindrical power and axis in some 

patients. This may be due to incorrect alignment of the autorefractor as is it is 

being held. For example Patient 16 who had a large change in cylindrical 

power 1 week post-operatively had a  pre-operative refraction of +3.50/-

1.75x85. Repeated (in the same measurement session) refraction measures 

1 week post-operatively were +2.87/-3.87x55, +0.12/-1.50x75 and -0.87/-

0.50x145 and therefore varied by over 3.00DC. Similarly, patient 39 had a 

large increase in cylindrical refraction a 1 week post-operatively had a pre-

operative refraction of +2.75/-4.00 x 80. Repeated refraction measures at 1 

week post-operatively were +2.75/-7.00x68, +3.50/-9.00x72 and +3.50/-

8.50x69 and therefore varied up to 2.00DC. Other than unreliable 

autorefraction measurements other potential causes include the site and size 

of the incision, residual corneal oedema and lens settling. It has been shown 

that a 3.0mm clear corneal incision along the steep axis can correct 0.32+/-

0.20 of astigmatism, while inducing 0.67+/-0.48D of astigmatism 

perpendicular to the axis (Masket et al. 2009) however, the site and size of 

the incision seems an unlikely cause as this was consistent for all patients 

and does not induce the level of astigmatic change seen in some patients. 
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Corneal oedema reduces the refractive index of the cornea resulting in a 

spherical hyperopic shift so is a highly unlikely cause of a large cylindrical 

myopic shift 1 week post-operatively (Díez-Ajenjo et al. 2022). Temporal 

limbal corneal incisions have been shown to cause an increase in corneal 

thickness along the horizontal meridian, although this has been found to only 

last for one day after surgery (Bolz et al. 2006). Due to deepening of the 

anterior chamber following surgery the lens settles anteriorly to posteriorly 

resulting in a hyperopic shift (Sugar et al. 2001; Toto et al. 2015) however 

these refractive changes are small and do not explain the large change in 

cylinder power 1 week post-operatively in some patients. For example, an 

Acrysof IOL has been shown to have a spherical equivalent change of 0.37 

+/- 0.35D six months post-operatively (Landers and Liu 2005).  

 

 

Table 2.5 Refractive corrections (rounded to nearest 0.25DC and 5 degrees) from a 
subset (N=72) of the data from de Juan et al. (2013) at pre-operative, 1-week and 4-
week visits for those corrections that changed between 1-week and the gold 
standard 4-weeks by more than 0.75DC. 

 
 

 Pre-operative 1-week 4-week 

1 -3.25 / -1.75 x 120 +3.25 / -3.25 x 145 +1.25 / -1.50 x 100 

2 +3.50 / -1.75 x 85 +0.75 / -2.00 x 90 -0.50 / -0.50 x 95 

3 +1.25 / -0.50 x 170 +3.00 / -2.00 x 95 +0.25 / -0.25 x 100 

4 +2.75 / -4.00 x 80 +3.25 / -8.25 x 70 +1.25 / -2.00 x 85 

5 -13.00 / -3.50 x 175 +0.25 / -5.00 x 60 -0.25 / -2.00 x 120 
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2.4.1 Future research  

Further research is required to attempt to find associated factors that could 

help clinicians in differentiating between those patients that can be 

prescribed glasses at 1-week from the relatively small number who may take 

longer to stabilise and should obtain a glasses prescription later. Some 

surgeons attempt to correct astigmatism during surgery by selective 

positioning of the phacoemulsification incision, limbal relaxation incisions or 

corneal relaxing incisions (Núñez et al. 2019), but these were not reported to 

have been used in any of the studies listed. Further investigation is needed 

to assess how this would impact refractive stability.  

2.4.2 Limitations  

The grey literature outside of Europe was not searched. The studies included 

provided very limited descriptions of the refraction and this was generally 

described as “manifest refraction” only.  The meta-analysis of the cylindrical 

data may be limited in that the cylinder data are skewed, yet were 

incorporated into the meta-analysis from means and standard deviations 

(i.e., assuming a normal distribution). The meta-analyses were limited by 

using group mean data rather than patients individual refractive data and by 

a relatively small number of studies and a sphere analysis section that only 

included patients from one study with an N of 100 (Figure 2.2).  The results 

will only be applicable for the surgical technique and incision sizes used 

(Table 2.4).  

The study only included those who had monofocal IOLs to reflect standard 

practice within the NHS. One paper included in the meta-analysis (Conrad-

Hengerer et al. 2015) had an inclusion criteria of <1.50DC of corneal 
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astigmatism, therefore the results in the meta-analysis may be biased 

towards patients who have smaller amounts of astigmatism, who we 

hypothesise may be less likely to have an unstable refraction postoperatively 

compared to patients with larger amounts of astigmatism. It should be noted 

that while in other countries patients may be offered a toric IOL at a certain 

level of astigmatism, this is not the case within the NHS for almost all 

patients. Only 0.4% of NHS cataract patients received a toric IOL in 2021 

regardless of their level of astigmatism (The Royal College of 

Ophthalmologists 2020-2021).  Future research should investigate the 

effects on astigmatism on refractive stability, and record whether this 

astigmatism is corneal or lenticular in origin. 

As seen in Table 2.3 and Table 2.4 the papers included in the quantitative 

analysis had lower MINORS scores. The papers with higher MINORS scores 

could not be included in the meta-analysis due to relevant data not being 

available or data errors were spotted within the study. Caglar et al. (2017)’s 

data were excluded due to errors being found in the spherical data, and de 

Juan et al. (2013)’s data were excluded due to including data from both eyes 

in the analyses. The MINORS instrument is designed to assess the 

methodological quality of the study. While the studies included in the meta-

analysis tended to score lower regarding their methodological quality, the 

data included were relevant and error-free, so that they were included in the 

meta-analysis. 

2.5 Conclusion  

All of the papers included in this review showed group mean refraction was 

stable sooner than the current guidelines of 4-6 weeks following surgery 
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(Oshika and Tsuboi 1995; Lyle and Jin 1996; Sugar et al. 2001; de Juan et 

al. 2013; Conrad-Hengerer et al. 2015; Toto et al. 2015; Caglar et al. 2017; 

Ostri et al. 2018). (Edwards et al. 1997) showed refraction was stable in 95% 

of individual patients. Those evaluating the ideal time for updated spectacles 

concluded they could be safely prescribed either 1- (Edwards et al. 1997; de 

Juan et al. 2013) or 2-weeks (Caglar et al. 2017) after surgery. A meta-

analysis of five studies (301 eyes) showed no statistical difference between 

spherical, spherical equivalent and cylindrical refraction between 1-week and 

the current standard of 4-weeks (Figure 2.2) and was shown to have high 

statistical power. The study by Edwards et al., and the analysis of the subset 

of the de Juan data described here, indicate that for the vast majority of 

individual patients, refractive error is stable after 1-week and support the 

conclusions from other studies used in the meta-analysis that used mean 

data. They also suggest that in a small number of individual patients (<10%) 

their refractive error was not stabilised after 1 week and further work is 

needed to determine why this is the case and how these patients can be 

detected. The de Juan data suggest that a large increase in cylinder from 

pre- to post-surgery is an indicator that refractive stability has not occurred at 

1-2 weeks and these patients should not be prescribed new glasses early 

and should be monitored. Any new glasses should be prescribed at the 

standard time of 4-6 weeks. This also needs to be further evaluated. 
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Chapter 3: Investigating patients with longer refractive 
stability times following routine cataract surgery. 

3.1 Introduction 

As discussed in chapter 2, cataract surgery is the most common elective 

surgery performed around the world with approximately 25 million 

procedures performed worldwide (Burton et al. 2021). There have been great 

advancements in the surgical procedure of cataract surgery with the 

development of phacoemulsification and foldable intraocular lenses leading 

to smaller surgical incisions and less induced astigmatism. It has been 

demonstrated that smaller surgical incisions lead to faster refractive 

stabilisation (Oshika and Tsuboi 1995; Wei et al. 2012; Lee 2013), and many 

studies have shown that refraction is stable much sooner than the current 

guidelines from the Royal College of Ophthalmologists of 4-6 weeks. Several 

studies have looked at how soon refraction is stable following routine 

cataract surgery and the ideal time for updating spectacles, concluding 

spectacles can be safely prescribed at either 1-week (Edwards et al. 1997; 

de Juan et al. 2013), or 2-weeks (Caglar et al. 2017). Our systematic review 

and meta-analysis (chapter 2) (Charlesworth et al. 2020) found no statistical 

difference between refraction 1 and 4 weeks following surgery, and  with re-

evaluation of de Juan’s data from a clinical perspective 93% of patients had 

a stable refraction 1 week following surgery.  

The current literature questions whether a 4–6 week post-operative refraction 

period is causing an unnecessary delay for patients to update their 

spectacles. Spectacles provided as soon as it is deemed safe to do so will be 

beneficial for patients in terms of convenience, quality of life during the 
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postoperative period (Mojon-Azzi et al. 2008; Mojon-Azzi et al. 2010; 

McNamara et al. 2019), and a shorter adaptation period (Supuk et al. 2016).  

This will be particularly advantageous to patients left with refractive error 

following surgery such as astigmatism and myopia, or those preferring the 

convenience of multifocal spectacles. Most patients opting for a monofocal 

intraocular lens (IOL) will require spectacles for either distance or near vision 

following surgery for complete visual restoration depending upon the target 

refraction chosen. Patients who have cataract surgery provided by the NHS 

receive monofocal IOLs, therefore any updates to the current guidelines 

would impact all NHS patients.    

As demonstrated in chapter 2 previous studies have assessed how soon 

either automated or subjective refraction are stable following routine cataract 

surgery using group mean data. Re-evaluation of de Juan’s data during our 

systematic review and meta-analysis investigating refractive stability 

following cataract surgery showed a small number of patients (7%) still had 

an unstable refractive error 1-week after surgery (Charlesworth et al. 2020). 

We wanted to design a study that would assess refractive stability on a 

patient-by-patient basis and further investigate those patients who take 

longer to stabilise in an attempt to determine any associated factors or 

predictor variables that may help clinicians identify these patients in practice. 

3.2 Methods  

We collaborated with colleagues in Noor eye hospital to gather the data for 

this study as data collection was not feasible in the UK due to lack of funding 

for additional patient visits. This was a prospective study of 67 patients 

undergoing cataract surgery between October 2019 and January 2020 by 
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one surgeon (H.H) in Noor Eye Hospital, Tehran, Iran.  The project was 

approved by the Research Council of Noor Research Centre. Informed 

consent was obtained from all participants before surgery treated in 

accordance with the Declaration of Helsinki.  The inclusion criteria included 

patients that were undergoing first or second eye surgery for age-related 

cataracts.  Only patients receiving monofocal IOLs were included in the study 

as these patients would still require spectacles following surgery for complete 

visual restoration.  The patients were recruited by a trained nurse who 

discussed the study with patients and supplied them with an information 

sheet and consent form if they wished to take part. Patients had to sign a 

consent form to take part in the study. They were made aware that they 

could withdraw from the study at any point. Patients were excluded if they 

received toric or multifocal IOLs, ocular comorbidities such as glaucoma, 

uveitis, diabetic retinopathy, corneal or retinal pathology which could lead to 

automated refraction miscalculation, or trauma.  Patients undergoing surgery 

complications or requiring sutures were excluded from the study. 

Preoperative evaluations included Goldmann applanation tonometry (Model 

AT goo CM; Haag-Streit, Bern, Switzerland), classification and grade of 

cataract using the Lens Opacities Classification System III (LOCS III) 

(Chylack et al. 1993), automated refraction, and subjective refraction, 

uncorrected distance visual acuity (VA) and best corrected distance VA.  

Follow ups were 1-week, 2-weeks, and 6-weeks following surgery and 

included automated refraction, subjective refraction, uncorrected distance VA 

and best corrected distance VA. Both automated and subjective refraction 

were measured by one optometrist. Automated refraction was measured 
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using the Nidek ARK-510A (Nidek Co. LTD, Aichi, Japan) which has a 

measurement range of -30D to +25D and can measure small pupils down to 

2 mm in diameter. Subjective refraction was measured by trial frame and trial 

lenses. 

The LOCS III system involves the extent of cataract graded zero to six 

(zero=not present) and the location of lens opacification (nuclear, cortical, 

and posterior subscapular) using a photo grading scale (Chylack et al. 1993). 

The cataracts were graded by one ophthalmologist. A single autorefraction 

was performed before surgery, and then once at each of the follow up visits 

using the Nidek ARK-510A (Nidek Co. LTD, Aichi, Japan). 

Visual acuity was assessed by one optometrist using a Snellen chart (Nidek 

Co. LTD, Aichi, Japan). Visual acuity was measured both uncorrected and 

best corrected with subjective refraction.  Results were recorded as the 

smallest full line the patient was able to read and record as a decimal. The 

gender and age for each patient was collected. 

Standard post-operative follow up care includes a postoperative examination 

24 hours after surgery to check ocular health. Evaluation of refractive power 

is performed 2 weeks postoperatively in patients with corneal incisions under 

3.5mm, and after 6 weeks in patients with incisions larger than 3.5mm 

(Rajavi et al. 2015). Patients attended for two extra refraction visits than they 

would have under standard care, one at 1 week post-operatively and 6 

weeks post-operatively. A plan for each visit is shown in the table below. 
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Table 3.1 showing a plan on each visit of the study. 

 

 

Pre-op At time of Surgery 1 week 6 weeks 

Goldmann 
applanation 
tonometry 
(Model AT goo 
CM; Haag-Streit, 
Bern, 
Switzerland), 

IOL used  Subjective 
refraction 
measured by one 
optometrist using a 
trial frame a trial 
lenses 

Subjective 
refraction 
measured by one 
optometrist using 
a trial frame a 
trial lenses 

Classification 
and grade of 
cataract using 
LOCS III 

Vacuum (mmHg) A single 
autorefraction 
Nidek ARK-510A 
(Nidek Co. LTD, 
Aichi, Japan). 

A single 
autorefraction 
Nidek ARK-510A 
(Nidek Co. LTD, 
Aichi, Japan). 

Subjective 
refraction 
measured by 
one optometrist 
using a trial 
frame a trial 
lenses 

Aspirate flow rate 
mL/min 

Uncorrected and 
corrected Visual 
acuity measured 
by one optometrist 
using a Snellen 
chart (Nidek Co. 
LTD, Aichi, 
Japan). 

Uncorrected and 
corrected Visual 
acuity measured 
by one 
optometrist using 
a Snellen chart 
(Nidek Co. LTD, 
Aichi, Japan). 

A single 
autorefraction 
Nidek ARK-510A 
(Nidek Co. LTD, 
Aichi, Japan). 

Effective 
Phacoemulsification 
Time (EPT) 

  

Uncorrected and 
corrected Visual 
acuity measured 
by one 
optometrist using 
a Snellen chart 
(Nidek Co. LTD, 
Aichi, Japan). 
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3.2.1 Surgical Technique  

Surgery was performed by a single experienced surgeon using topical 

Tetracaine (1%).  A 3.2mm clear corneal incision was made in the 3 o’clock 

position, and clear corneal paracentesis was performed supratemporal for 

the right eye, and infratemporal for the left eye. A balanced salt solution was 

used for maintenance of the anterior chamber shape. Phacoemulsification 

was performed using the Abbott Whitestar Signature PRO 

Phacoemulsification System (Abbott Medical Optics Inc, Sanra Ana, CA) with 

the nucleus disassembled using a phaco chop technique and continuous 

phaco energy to aspirate the lens. Afterwards a foldable posterior chamber 

intraocular lens was implanted. The target refraction was emmetropia for all 

patients. The intraocular lens included the Acrisof natural IQ IOL models 

SN60WF, and SA60AT, Johnson and Johnson TECNIS monofocal 1-piece 

model ZCBOO, Hoya iSert 250 and the Rayner RayOne. The corneal wound 

was hydrated, and no sutures were used to close the incision.  Postoperative 

treatment was the same for all patients.  This included Chloramphenicol 

(0.5%) every six hours for a week after surgery in conjunction with 

Betamethasone (0.1%).  Betamethasone was decreased progressively, with 

administration every four hours for the first postoperative week, every six 

hours for the second postoperative week, decreasing to every 12 hours 

during the third postoperative week. This is the standard drug treatment 

regime for all patients regardless of whether they were enrolled on the study. 

Extra surgical information was recorded for each patient which included: 

cataract density (LOCS III), vacuum (vacuum is the pressure used to hold 

the lens material onto the phaco tip measured in mmHg), aspiration flow rate 
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(the rate at which fluid and emulsified lens material is withdrawn from the eye 

measured in mL/min) and effective phacoemulsification time (EPT). Vacuum 

and aspiration flow rate are used for lens removal. The pressure of the 

vacuum is balanced with aspiration flow rate to maintain a stable anterior 

chamber (Cahoon et al. 2015; Kelman 2018).  

3.2.2 Statistical Analysis  

The data were analysed using the Statistical Procedures for the Social 

Sciences (IBM SPSS statistics version 26.0; SPSS, Inc., Chicago, IL).  Data 

were analysed on terms of their distribution using Sharpio-Wilk tests. 

Descriptive statistics included means, standard deviations (SDs), and 95% 

confidence intervals.  The correlations between automated and subjective 

refraction were assessed using Pearson correlation coefficients.  Binomial 

logistic regression was used to determine if any associated factors were able 

to predict refractive instability in patients who took longer to stabilise. 

 

3.3 Results  

Sixty-seven participants were included in the study.  The mean age was 85 

years (SD 11), and 43% were male.   

3.3.1 Automated refraction  

Fifty-seven patients had automated refraction completed at each post-

operative visit and were included in the descriptive statistics. Pre-operatively 

mean automated spherical refraction was -0.98 ± 4.79DS.  Surgical target 

refraction was emmetropia in all cases.  Mean automated spherical 

refractions of, +0.35 ± 0.44DS, +0.33 ± 0.48DS, +0.31 ± 0.48DS were found 
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at week-1, week-2, and week-6 respectively. Pre-operatively mean 

automated cylindrical refraction was -1.18 ± 0.80 DC.  No attempt was made 

to correct astigmatism during surgery.  Post-surgery automated cylindrical 

refraction of -0.78 ±0.43DC, -0.82 ±0.43DC, -0.81 ±0.36DC were found at 

week-1, week-2, and week-6.  Pre- and post-operative automated spherical 

and cylindrical refraction are shown in figure 3.1 and figure 3.2.  Post-

operatively sphere and cylindrical refraction were not significantly different 

from either of the post-operative weeks in comparison to week-6 with p 

values of 0.48 (sphere) 0.41 (cylinder) at week-1, and 0.28 (sphere) and 0.65 

(cylinder) at week-2. 

 

 

Figure 3.1 Automated spherical refraction pre-operatively, 1, 2 and 6-weeks after 
surgery. Vertical bars are 95% confidence interval of the data.  Neither week 1 or 
week 2 were statistically different from week 6. 
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Figure 3.2 Automated cylindrical refraction pre-operatively, 1, 2 and 6-weeks after 
surgery. Vertical bars are 95% confidence interval of the data.  Neither week 1 or 
week 2 were statistically different from week 6. 

 

3.3.2 Subjective refraction  

Forty-four patients had subjective refraction measured at each post-operative 

visit.  Mean subjective spherical refraction was -1.36DS ±3.72 preoperatively 

and +0.28DS ± 0.40, +0.25DS ± 0.43, +0.19 ± 0.45, 1 week, 2 weeks and 6 

weeks post-operatively.  Pre-operative mean subjective cylindrical refraction 

was -0.86 DC ± 0.65.  Post-operative mean subjective cylindrical refraction of 

-0.81DC ± 0.40, -0.81DC ± 0.39, -0.73DC ± 0.32 were found 1 week, 2 

weeks and 6 weeks respectively. Pre-operative and post-operative mean 

subjective spherical and cylindrical refraction are shown in figure 3.2.  Post-

operatively subjective sphere and cylindrical refraction were not significantly 

different from either of the post-operative weeks in comparison to week 6 

with p values of 0.16 (sphere) 0.30 (cylinder) at week 1, and 0.46 (sphere) 

and 0.17 (cylinder) at week 2. 
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Figure 3.3 Subjective spherical refraction pre-operatively, 1, 2 and 6-weeks after 
surgery. Vertical bars are 95% confidence interval of the data.  Neither week 1 or 
week 2 were statistically different from week 6. 

 

 

Figure 3.4 Subjective cylindrical refraction pre-operatively, 1, 2 and 6-weeks after 
surgery. Vertical bars are 95% confidence interval of the data.  Neither week 1 or 
week 2 were statistically different from week 6. 
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To validate the autorefraction results a subjective refraction was conducted 

at each post-operative visit.  Both the sphere and cylinder automated 

refraction and subjective refraction were assessed for association using 

Pearson correlation coefficients and agreement using the Bland-Altman 

method.  Pearson correlation coefficients between the 6-week automated 

and subjective spherical and cylindrical refraction were: r=0.93 (p<0.001) and 

r=0.89 (p<0.001) respectively. The mean difference in week-6 spherical 

refraction was 0.09D ± 0.21D (95%CI 0.03 to 0.15) with limits for agreement 

ranging from -0.32D and 0.50D.  The mean difference in week-6 cylindrical 

refraction was -0.15D ± 0.17D (95%CI -0.19 to -0.10) with the limits for 

agreement ranging from -0.48D and 0.18D. 

The automated refraction data were then assessed for any clinically 

significant changes in refraction in the 6-weeks following surgery.  To do this 

refraction data were first converted into vectors using Fourier analysis 

(Thibos and Horner 2001). This enabled spectacle prescriptions to be 

represented as the sum of three power vectors, a spherical lens (M) and two 

cross-cylinders, one at axis 180 (J0) and another at axis 45 (J45).  This 

eliminates the problems that arise when evaluating cylindrical and axis 

changes for clinically significant differences, for example a lower-powered 

cylindrical lens can undergo a larger axis change before impacting visual 

acuity in comparison to a higher-powered cylindrical lens.  Using a spectacle 

prescription as an example, a refractive change from -0.25 x 15 to -0.50 x 

100 produces the same J0 vector change as -1.25 x 160 to -1.50 x 140.  

Each power vector becomes mathematically independent and therefore 

simplifies problems with comparison and analysis, in particular cylindrical 
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analysis due to its skewed distribution. Each power vector (M, J0, J45) was 

compared at 2-weeks and 6-weeks post-operatively.  Two-weeks was 

chosen as the comparison as more data were available (n=64) and no 

statistically or clinically significant difference was found when comparing 

refraction at 1 and 2-weeks post-operatively. It has been shown that 88% of 

spherical equivalent test-retest differences are within 0.50D (Leinonen et al. 

2006) therefore a clinically significant difference was classed as a vector 

change of 0.25D. When the prescription was converted from vectors to 

standard notation (sphere, cylinder, axis) this was equal to a 0.50D change.  

Table 3.3 below shows the number of patients that had a clinically stable 

refraction 2-weeks after surgery. 

 

 N % 

M 62/64 97% 

J0 58/64 91% 

J45 60/64 94% 

Table 3.2 Displaying the number of patients who had a vector change of less than 
0.25D between their 2 and 6-week automated refraction (clinically stable). A change 
on 0.25D in any of M, J0, J45 classified the patient as clinically unstable. 

 

The prescriptions of those that did not have a clinically stable refraction at 2-

weeks post-operatively are shown in the table 3.4. 
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 Pre-operatively 2-week 6-week 

M    

1 -2.25 / -1.00 x 165 +0.25 / -1.00 x 164 +1.00 / -1.00 x 157 

2 -1.75 / -0.75 x 172 0.00 / -0.75 x 138 +0.75 / -0.75 x 137 

J0    

1 -9.00 / -2.25 x 1 +0.75 / -1.75 x 174 +0.50 / -1.00 x 1 

2 -0.25 / -1.00 x 62 +0.25 / -0.75 x 38 +0.25 / -1.25 x 23 

3 +0.75 / -1.75 x 89 -0.75 / -0.50 x 14 -0.75 / -0.25 x 59 

4 -3.50 / -1.00 x 42 0.00 / -0.50 x 1 0.00/-0.50 x 102 

5 0.00 / -1.00 x 172 +0.75 / -1.75 x 6 +0.75 / -1.00 x 7 

6 -1.50 / -0.50 x 152 +0.25 / -0.50 x 156 0.00 / -0.75 x 108 

J45    

1 -6.25 / -3.75 x 42 +0.75 / -1.75 x 33 +0.50 / -1.50 x 19 

2 -1.50 / -0.75 x 97 +0.50 / -1.25 x 99 0.00 / -1.00 x 86 

3 -0.50 / -1.00 x 33 0.00 / -1.75 x 49 -0.75 / -0.75 x 59 

4 -0.50 / -1.00 x 44 +0.25 / -0.50 x 148 0.00 / -0.50 x 60 

Table 3.3 The pre-operative, 2-week, and 6-week automated refractions of those 
that had a vector change greater than 0.25 between their 2 and 6-week refractions 
(clinically unstable). They are split into the three different vectors M, J0, J45 by the 
headers. The two refractions in bold were found to have an increase in cylindrical 
power between pre-op and 1-week post-op. The refraction in red was found to have 
a large decrease in cylindrical power from pre-op to two-weeks post-op potentially 
due to cortical cataract.  

 
 
A systematic review and meta-analysis investigating when refraction is stable 

following cataract surgery proposed that major cylindrical power and/or axis 

changes from pre-operative to 1-week corrections suggested that refractive 

stability had not yet occurred (Charlesworth et al. 2020).  Four out of the five 
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outliers within the review showed a large increase in cylindrical power (mean 

-1.80DC) or large change in axis (mean 46 degrees). We investigated this 

further with our data set.  Two patients were found to have an increase in 

cylindrical power between pre-op and 1-week post-op (4%) and both were 

found to have unstable refractions 2-weeks following surgery.  They are 

shown in bold in the table above. One unstable patient showed a large 

decrease in cylindrical power from pre-op (-3.75 DC) to 2 weeks post-op (-

1.75DC) which may have been related to cortical cataract being the original 

cause of some of the astigmatism (grade 2)(shown in red in the table above). 

Many also showed large axis changes with a mean change of 28 degrees, 

SD 32 degrees.  

Subjective refraction is the gold standard (Strang et al. 1998) and cataract 

may cause unreliable automated refraction readings. As we had subjective 

refraction data available for ten of the twelve unstable patients this was used 

to check that any changes in cylinder power/axis from pre-op to 2-weeks 

post-op were not due to inaccurate automated refraction reading pre-

operatively. All of the unstable patients had pre-operative automated and 

subjective cylindrical power within 0.50DC of each other apart from patient 9 

(table 3.5) who was found to have -3.75DC on automated refraction and -

2.00DC on subjective refraction (shown in bold, table 3.4). Patient 9’s 

cataract was graded as nuclear opalescence grade 3, cortical grade 2, and 

PSC grade 1 which may have impacted the pre-operative automated 

refraction results. 
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 Pre-op 
automated 
refraction 

Pre-op subjective 
refraction 

2-week 
automated 
refraction 

2-week subjective 
refraction 

1 -2.25 / -1.00 x 165 -2.25 / -1.00 x 160 +0.25 / -1.00 x 164 +0.25 / -1.00 x 160 

2 -1.75 / -0.75 x 172 -1.50 / -0.50 x 5  0.00 / -0.75 x 138 0.00 / -0.75 x 140 

3 -9.00 / -2.25 x 1 -8.50 / -2.00 x 5 +0.75 / -1.75 x 174 +0.50 / -1.50 x 175 

4 -0.25 / -1.00 x 62 -0.50 / -0.75 x 50 +0.25 / -0.75 x 38 +0.25 / -0.75 x 40 

5 +0.75 / -1.75 x 89 0.00 / -1.25 x 80 -0.75 / -0.50 x 14 -0.25 / -0.25 x 10 

6 -3.50 / -1.00 x 42 -3.00 / -1.00 x 20 0.00 / -0.50 x 1 0.00 / -0.50 x 180 

7 0.00 / -1.00 x 172 - +0.75 / -1.75 x 6 +0.75 / -1.50 x 180 

8 -1.50 / -0.50 x 152 - +0.25 / -0.50 x 156 +0.25 / -0.50 x 150 

9 -6.25 / -3.75 x 42  -8.00 / -2.00 x 30 +0.75 / -1.75 x 33 +0.75 / -1.50 x 30 

10 -1.50 / -0.75 x 97 -1.50 / -0.75 x 90 +0.50 / -1.25 x 99 +0.25 / -1.25 x 100 

11 -0.50 / -1.00 x 33 -0.25 / -1.00 x 45 0.00 / -1.75 x 49 0.00 / -1.75 x 50 

12 -0.50 / -1.00 x 44 -1.00 / -0.50 x 85 +0.25 / -0.50 x 148 +0.35 / -0.50 x 150 

Table 3.4 The automated and subjective pre-operative refractions, and automated 
and subjective 2-week refractions of those that had a vector change greater than 
0.25 between their 2 and 6-week refractions (clinically unstable). All of the unstable 
patients had pre-operative automated and subjective cylindrical power within 
0.50DC of each other apart from patient 9 shown in bold who was found to have -
3.75DC on automated refraction and -2.00DC on subjective refraction.  

 
Further analysis was conducted to attempt to find associated factors 

differentiating between those patients that achieved a stable refraction 2-

weeks after surgery and those that did not.  Patients were split into two 

groups, stable and not stable. The criterion for an unstable refraction was a 

vector change of 0.25D in either M, J0, or J45 between the 2-week and 6-

week refractions.  If patients had a change of less than 0.25D in all three of 

M, J0, J45 between their 2-week and 6-week refractions they were classed as 
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having a stable refraction.  A binomial logistic regression was conducted 

using predictor variables we thought may impact the outcome of surgery.  

These were: age, change in J0  from pre-op to 2 weeks post-op, change in 

J45 from pre-op to 2 weeks post-op, effective phacoemulsification time (EPT), 

and pre-operative refraction in vector form M, J0, J45. Odds ratios and p-

values are shown in the table below. 

Table 3.5 Univariate analysis of each variable with corresponding odds ratio and p-
value. The p-values come from a likelihood ratio chi-square test. 

 
Variables were entered stepwise into the model and removed if p was 

greater than 0.10.  Change in J45 pre-op to 2 weeks post-op (p=0.030), EPT 

(p=0.029), J45 p=0.029, and J0 (p=0.071) were kept in the model. Change in 

J45 pre-op to 2 weeks post-op (0.50) and EPT were found to not add 

significantly to the final model (p=0.19) and were removed. Preoperative 

astigmatism J45 (p=0.015) and J0 (p=0.020) were found to add significantly to 

the final model. The final model was statistically significant, �$2(2) =13.36 

 Univariate  

Variable  OR (95% CI) p-value  

Age 0.97 (0.92 – 1.04) 0.39 

Change in J0 pre-op to 2 weeks post-op 1.15 (0.27 – 4.95) 0.85 

Change in J45 pre-op to 2 weeks post-op 0.79 (0.01 – 0.78) 0.030 

Pre-operative refraction (M) 1.08 (0.93 – 1.26) 0.31 

Pre-operative refraction (J0) 0.33 (0.10 – 1.10) 0.071 

Pre-operative refraction (J45) 0.09 (0.01 – 0.78) 0.029 

Effective phacoemulsification time 
(seconds) 

0.98 (0.97 – 1.00) 0.029 
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p<0.001, explained 31% (Nagelkerke R2) of the variance of refractive stability 

and correctly classified 89% of cases. J0 and J45 were both positive and 

negative values to reflect the position of the cylinder axis, with positive J0 

values corresponding with the steepest meridian at 90 degrees, and positive 

J45 values corresponding with the steepest meridian at 45 degrees.  Odds 

ratios found a patient with a pre-operative level of one dioptre in J45 (2.00DC 

in conventional sphere-cylindrical notation, steepest meridian at 135 

demonstrating oblique astigmatism) were 96% less likely to be in the stable 

group.  A patient with a with a pre-operative level of one dioptre in J0 (2D in 

conventional sphere-cylindrical notation, steepest meridian at 90 

demonstrating with-the-rule astigmatism) were 82% less likely to be in the 

stable group. 

The EPT data was found to follow a non-normal distribution using Shapiro-

Wilks tests in both the stable (p<0.001) and unstable group (p=0.002) and 

were therefore described using non-parametric statistics. Those that 

stabilised at 2-weeks had a median EPT of 32 seconds, IQR 20-50 seconds 

(N=55), in comparison to those that had an unstable refraction (N=12), 

median EPT 40 seconds, IQR 34-90 seconds.  The model suggested for 

every 10 second increase in EPT the patient was 13% less likely to be in the 

stable refraction group.  

3.3.3 Visual acuity  

Uncorrected Snellen decimal VA was: 0.29 ± 0.21, 0.77 ± 0.18, 0.78 ± 0.20, 

0.82 ± 0.20 pre-operatively, 1-week, 2-weeks, and 6-weeks respectively. 

Best corrected VA was: 0.58 ± 0.27, 0.89 ± 0.14, 0.88 ± 0.15, 0.91 ± 0.14 
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pre-operatively, 1-week, 2-weeks, and 6-weeks respectively. None of the 

VAs were better than 1.0.  

 

 

Figure 3.5 Uncorrected visual acuity (UCVA) pre-operatively, 1, 2 and 6-weeks after 
surgery. Vertical bars are 95% confidence interval of the data. 

 
 
 
 

 
 
 
Figure 3.6 Best corrected visual acuity (UCVA) pre-operatively, 1, 2 and 6-weeks 
after surgery. Vertical bars are 95% confidence interval of the data. 
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3.4 Discussion  

The results of this study demonstrate that refraction was stable 1-2 weeks 

following uncomplicated cataract surgery for the vast majority of patients, 

which is consistent with group refraction results reported by other studies 

(Oshika and Tsuboi 1995; de Juan et al. 2013; Caglar et al. 2017; McNamara 

et al. 2019).  Re-evaluation of de Juan’s data during our systematic review 

and meta-analysis showed that 1-2 weeks following surgery 94% and 89% of 

patients were within 0.50DS and 0.50DC of their spherical and cylindrical 

refraction measured 4-weeks after surgery (Charlesworth et al. 2020).  

Similar results were found in this study, when the spectacle prescription was 

represented as the sum of three vectors; 96%, 89% and 91% had stable M, 

J0, and J45 automated refraction at 1-week, and 97%, 91%, and 94% had 

stable M, J0, J45 subjective refraction at 2-weeks following surgery.   

As previous studies have focused on group data, we attempted to investigate 

outcomes for each individual patient using a clinical approach.  It has been 

suggested that a large increase in cylindrical power, and/or large change in 

cylindrical axis between pre-op and post-op 1-week refraction may indicate 

which patients are likely to take longer to stabilise (Charlesworth et al. 2020).  

Further analysis of a dataset from de Juan et al (de Juan et al. 2013; 

Charlesworth et al. 2020) found five of 72 patients were not stable 1-week 

following surgery.  Four out of the five patients (80%) had an increase of 

cylinder power of more than 0.75DC (mean -1.80DC) and/or large changes 

in axis (46 degrees).  In this study we found 12 patients who had unstable 

refractions 2-weeks after surgery.  Eight out of the 12 patients (67%) had 

either an increase in cylinder power of 0.75DC (mean -0.75DC) and/or large 
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axis changes (mean 36 degrees) between pre-op and 2-week post-op 

refraction.  It seems sensible that any patients with a large difference in their 

pre-operative cylindrical power or axis following cataract surgery should wait 

the gold standard of 4-6 weeks before getting an updated spectacle 

prescription.  

Pre-operative oblique and pre-operative with-the-rule astigmatism of 2.00DC 

or more were found to be predictors of those that took longer to stabilise.  

Seven patients had a pre-operative cylinder power of -2.00DC or more, of 

which only two (29%) were found to have unstable refractions, therefore 

using this as a predictor produces a sensitivity of 17% and specificity of 83%. 

While this was found to be statistically significant when applying this 

predictor to our data set it was found to be not useful clinically.  Pre-operative 

oblique and pre-operative with-the-rule astigmatism coincides with the 

incisions made in the cornea at both axis 180 degrees for IOL insertion and 

45 degrees for paracentesis.  Placing the incision on the steeper corneal 

meridian is recommended when attempting to correct astigmatism during 

cataract surgery due to the one-to-one coupling from corneal incisions 

whereby there is flattening of the corneal curvature in the meridian on which 

the incision is placed, with a corresponding steepening of the perpendicular 

meridian (Nanevicz et al. 1986). It has been shown that a 3.0mm clear 

corneal incision along the steep axis can correct 0.32+/-0.20 of astigmatism, 

while inducing 0.67+/-0.48D of astigmatism perpendicular to the axis (Masket 

et al. 2009) therefore in patients with with-the-rule astigmatism placing the 

incision on the horizontal meridian as done in this study will lead to higher 

corneal astigmatism post-operatively.  The patients found with longer 
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refractive stability times may be due to their steepest corneal meridian being 

perpendicular to an incision site, leading to increased astigmatism/unstable 

cylindrical power and axis refractions 1-2 weeks following surgery.  Further 

research is needed to assess if a patient’s astigmatism is corneal or 

lenticular in origin and how astigmatism and the corneal incision location may 

affect refractive stability following cataract surgery. 

We found longer EPT in those patients taking longer to achieve refractive 

stabilisation.  EPT is higher in patients with hard cataract and a higher EPT is 

correlated with endothelial cell loss (Abell et al. 2013b; Sorrentino et al. 

2017; Dewan et al. 2019).  Endothelial cell loss can lead to increased corneal 

thickness and decreased corneal transparency (Hwang et al. 2015) with 

recovery ranging from 1 – 6 months (Hayashi et al. 1996).  While endothelial 

cell loss is known to affect visual outcomes there is no research investigating 

how endothelial cell loss or corneal swelling may impact refractive stability 

following surgery. (de Juan et al. 2013) found a decrease in corneal swelling 

for 4-weeks postoperatively but the decrease in corneal swelling was only 

statistically significant up until the second post-surgical week.   

3.4.1 Differences between initial study design and methods used  

Due to logistical issues, there were several differences between the data that 

were gathered and the two initial proposed study designs (Appendix C):  

1. No central corneal thickness measurements or keratometry data were 

collected. Pachymetry measurements were to be measured after 10 

am to ensure that corneal thickness induced by sleep has dissipated 

(Lattimore et al. 1999). We wanted to further investigate if CCT or pre-

operative corneal astigmatism had any impact of refractive stability.  
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2. Visual acuity was measured using a Snellen chart rather than an 

ETDRS LogMAR chart which provide the most reliable and 

discriminative VA measurements, and the gold standard for clinical 

research (Lovie-Kitchin 2015). 

3. A different termination rule was followed whereby visual acuity was 

recorded as the smallest full line the patient could read rather than 

using a per-letter scoring system. We hoped to use a termination rule 

where the per-letter scoring system would be counted until the 

participant gets four or more letters incorrect on one line (Carkeet 

2001).  We also wanted to obtain five visual acuity measurements to 

estimate each patient’s variability and establish each patient’s own 

95% criterion for change (Brown and Lovie-Kitchin 1993).  We stated 

visual acuity should have been measured with a standard illuminance 

of ideally 160 cd/m2 and within the range of 80-320 cd/m2.   

4. Only one automated refraction measure was taken rather than five 

measurements. This did not allow us to calculate each patient’s own 

criterion for change of refractive correction (Brown and Lovie-Kitchin 

1993). 

5. We proposed a clinical study design (Appendix C2) of providing 

patients with glasses based on the week 1 refraction to enable an 

assessment of refractive stability from a clinical and patient point of 

view. Patients would undergo subjective refraction 1 week following 

surgery and then be provided with new spectacles at no cost to that 

prescription. After 3-4 months, the patients would return and be 

refracted once again. They would then be asked “Are you satisfied 
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with your current glasses that you received one-week after your 

surgery, or would you prefer to have another pair of glasses using the 

prescription that we determined today? There will be no cost for the 

new glasses.” A comparison would be made of the differences in 

subjective refraction for those deemed to have a stable refraction 

(patient satisfied with one-week glasses) and those deemed to have 

an unstable refraction (patients unsatisfied with one-week glasses and 

provided with a second pair). This design was more representative of 

refractive management in a clinical setting and similar to the study by 

(Edwards et al. 1997). However, it was not logistically possible 

because of lack of funding to provide free glasses.  

6. Extra information was gathered regarding the surgical procedure, 

vacuum and aspiration flow rate as the surgeon thought these 

variables might also have impacted on refractive stability. 

Sample size 

As we received the data and noticed the discrepancies between the initial 

protocol and the data collected, we recalculated the sample size using the 

covariates for which data were gathered. We looked at both vacuum and 

aspiration flow rate in the stable and unstable group to see if they should 

have been included in the model. The vacuum data were shown to have a 

normal distribution in the unstable group using the Sharpio-Wilk test 

p=0.109, skewness -0.257, SE=0.661. In the stable group the data showed a 

positively skewed distribution, Sharpio-Wilk test p<0.001, skewness 0.935, 

SE=0.322. Vacuum was therefore described using non-parametric statistics. 

Unstable group: median 350mmHg, IQR 345-355mmHg. Stable group: 
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median 350mmHg, IQR 300-355mmHg. Mann-Whitney U found a non-

statistically significant difference between the two groups p=0.38. The 

aspiration flow rate data were found to have a non-normal distribution in both 

the unstable and stable group. Unstable group: skewness -0.968, SE 0.845, 

Sharpio-Wilk test p=0.001. Stable group: skewness -2.496, SE 0.441, 

Sharpio-Wilk test p<0.0001. In the unstable group, median aspiration flow 

rate was 37mL/min, IQR 35.5-37mL/min. In the stable group median 

aspiration flow rate was 37mL/min, IQR 35-37. Mann-Whitney U found a 

non-statistically significant difference between the two groups p=0.98. No 

previous literature has suggested that these variables may impact refractive 

stabilisation times, and how they would link with refractive stability is not 

clear. Higher aspiration and vacuum rates have been shown to have no 

significant effect on phacoemulsification efficiency (Kabbara et al. 2018). As 

no statistically significant differences were found in vacuum and aspiration 

flow rate between the two groups they were not included as covariates in the 

final model.  

Visual acuity was removed as a covariate from the final model as it was 

measured in decimal Snellen rather than logMAR. Due to irregular 

progression size and truncation of Snellen charts, visual acuity measures 

could not be converted into LogMAR as it would lead to an incomplete 

distribution (Wild and Hussey 1985). Because of this and the lack of a robust 

termination rule it was decided the visual acuity measures added little value 

and were removed from the model. 

The cataract grade data did not follow a normal distribution. Median nuclear 

cataract grade was 3 IQR: 2-3, cortical cataract grade 1 IQR: 0-2, and PSC 0 
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IQR: 0-1,demonstrating the majority of patients were suffering from visual 

impairment due to nuclear cataract. Nuclear cataract has been shown to be 

the more prevalent in Iranian patients (67%), followed by PSC (17%) and 

cortical cataract (17%) (Hojati et al. 2014). Nuclear, cortical, and posterior 

subscapular cataract could not be entered into the model as three separate 

covariates as they were not independent of each other nor could they be 

combined into a single measurement due to the nature of the grading system 

e.g., one patient may have nuclear cataract grade 3 and PSC grade 2, while 

another has nuclear cataract grade 3 in combination with cortical cataract 

grade 3. As denser cataracts require longer effective phacoemulsification 

time (Assaf et al. 2021) it was agreed EPT would be a better measure of 

cataract density to be included in the model rather than LOCS III 

measurements.   

Our final sample size was calculated as 74. Seven covariates were included 

in the final calculation: J0 (D) and J45 (D) change from pre-op to 2 weeks 

post-op (2 weeks was chosen as more data were available and no 

statistically or clinically significant differences were found between 1 week 

and 2-week refractions), pre-operative refraction in vector form M (D), J0 (D), 

J45 (D), age (years) and effective phacoemulsification time (EPT) (seconds). 

3.4.2 Limitations  

Due to the COVID-19 pandemic and the suspension of cataract surgeries the 

study was ended prematurely and the results are limited by a relatively small 

sample size. The number of unstable patients was low (n=12) and repeating 

the study with a larger sample size is needed for the validation of results and 

would allow for more in-depth analysis on those with unstable refractions. 
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The study was designed to recruit patients who were receiving a monofocal 

IOL to reflect the practice within the UK where patients receiving surgery on 

the NHS can only opt for a monofocal IOL. This may limit the results by 

excluding patients with higher amounts of astigmatism who opted for a toric 

IOL. We hypothesised previously that patients with larger amounts of 

astigmatism may be more likely to have a unstable refraction for longer post-

operatively (Charlesworth et al. 2020) so this should be noted as a limitation. 

Future studies should take multiple automated refraction measurements per 

visit to calculate each patients criterion for change for refractive correction 

(Brown and Lovie-Kitchin 1993). Automated refraction data may be 

inaccurate and unreliable in patients with dense cataract and produce 

refraction results that are significantly different from subjective results (e.g. 

patient 9) and could affect how the results are interpreted. In future studies 

large changes in automated refraction between pre-op and post-op should 

be confirmed with subjective refraction to establish the large change is 

genuine and not due to the cataract effecting the automated refraction result. 

The VA was measured by rounding to the last full line read. This is a 

limitation of the study as this will artificially worsen most patients VA 

compared to measuring each letter read. Ideally an ETDRS LogMAR chart 

should be used rather than a Snellen chart as they provide the most reliable 

and discriminative VA measurements, and the gold standard for clinical 

research (Ferris and Bailey 1996; International Council of Ophthalmology 

report 2002).  A termination rule of visual acuity should be used to reduce the 

variability of the results (Carkeet 2001) and measurements should be 

repeated five times to establish each patients criterion for change (Brown 
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and Lovie-Kitchin 1993). The results will only be applicable to the surgical 

technique and incision size and location used within this study. The average 

age of cataract surgery in this country appears to be older, which may also 

impact the findings in relation to the UK population (Kanthan et al. 2007; 

Kauh et al. 2016). Surgery was conducted by one experienced surgeon, 

while this eliminates individual difference between surgeons, results may not 

be the same or as consistent with surgeons of less experience, or those that 

follow a different surgical technique. There were several limitations because 

this was an international collaboration. First, I could not collect the data 

personally or check that the data were being collected by the agreed 

protocol. The first set of data was not seen until almost all of the data had 

been collected therefore it was too late to include the missing CCT 

measurements, keratometry readings, and repeat measures for automated 

refraction and visual acuity. While these shortcomings limit the findings of the 

study it confirms our re-evaluation of de Juan’s data (Charlesworth et al. 

2020) of a large change in cylindrical power and/or axis 1-2 weeks following 

surgery indicates these patients have not yet achieved refractive stability. 

While it could be hypothesised a large decrease in cylindrical power from 

pre-op to post-op may be due to the removal of cortical cataract, further 

investigation is needed into why cylindrical power would increase in some 

patients in the first 2 weeks post-operatively.  This is the first study to 

investigate predictor variables that may help to identify those patients with 

longer refractive stability times. Pre-operative oblique and with-the-rule 

astigmatism greater or equal to -2.00DC were found to be predictors of 

longer refractive stability times. Although while statistically significant, the 



100 
 

predictors produced poor sensitivity and specificity when looking at the data 

set clinically. In our data set the number of patients with -2.00DC of 

cylindrical power or above was low (10% n=7). This could be investigated 

further with a larger sample of high cylindrical powers. 

One difference seen between UK patients and Iranian patients that may 

impact the transferability of results are the differences seen in endothelial cell 

density (ECD). Using non-contact specular microscopy ECD in the Iranian 

population has been shown to have a mean of 1775 +/- 348 cell/mm2 in 

those aged 61-70 years and 1571 +/- 328 in those over 70 years 

(Hashemian et al. 2006). Within the Caucasian population the mean ECD in 

those aged 60-69 was found to be 2558 +/-233 and 2571 +/- 283 in those 

aged over 70 years (Duman et al. 2016). ECD loss is inevitable during 

cataract surgery (Ishikawa 2002) and an ECD of less than 1000 cells/mm2 

can result in additional endothelial cell damage and corneal decompensation 

(Hayashi et al. 2011). All patients have been shown to have corneal swelling 

1 day post-operatively, with pre-operative values restored 3 months after 

surgery, even in patients with endothelial cell loss (Ventura et al. 2001). The 

pumping activity of the endothelial layer is not compromised as long as the 

numerical density does not fall below the physiological density (Ventura et al. 

2001). Our patients in this study may have been more at risk of corneal 

complications due to potentially lower initial ECD levels, however no 

complications were seen during the study. 

 

Phacoemulsification is the cataract surgery technique used both in the NHS 

in England and Iran. Regarding differences in post-operative appointments, 
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in the NHS patients have a review by a nurse, optometrist or ophthalmologist 

2-4 weeks following surgery, and are advised to have a post-operative 

refraction by an optometrist 4-6 weeks following surgery (The Royal College 

of Ophthalmologists 2018). In Iran, patients have a post-operative 

examination 24 hours after surgery. In patients who had a corneal incision 

<3.5mm a refraction is performed 2 weeks after surgery. In patients with a 

corneal incision >3.5mm, refraction is performed 6 weeks following surgery 

(Rajavi et al. 2015). 

Drug remine within the NHS involves a 4-week course of steroids and 

antibiotics.  Most UK ophthalmologists provide patients with Tobradex, a 

combination of the antibiotic Tobramycin 3mg and the steroid 

Dexamethasone 1mg four times per day. In our study a course of steroid and 

antibiotics were prescribed. This included Chloramphenicol (0.5%) every 6 

hours for a week after surgery in conjunction with Betamethasone (0.1%).  

Betamethasone was decreased progressively, with administration every 4 

hours for the first postoperative week, every 6 hours for the second 

postoperative week, decreasing to every 12 hours during the third 

postoperative week.    

3.4.3 Future Research  

Future research is needed to find any associated factors which may predict 

patients who take longer to achieve refractive stabilisation.  It seems 

reasonable that a large change in cylindrical power and/or axis 1-2 weeks 

following surgery indicates these patients should obtain their spectacle 

prescription later, although why these patients experience this needs further 

investigation. Our binomial logistical regression highlighted pre-operative 
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astigmatism (J0, J45) as potential predictors of patients who take longer to 

stabilise. These need to be studied further with a larger sample size.  

Measuring corneal thickness, corneal topography, and endothelial cell loss in 

future studies may help us to understand why pre-operative astigmatism 

appear to impact refractive stability.  Our study did not attempt to correct any 

pre-operative astigmatism by selective positioning of the phacoemulsification 

incision, limbal relaxation incisions or corneal relaxing incisions, therefore, 

further investigation would be needed to assess how this could impact 

refractive stability.   

3.5 Conclusion  

This study demonstrates that refraction is stable 1-2 weeks following cataract 

surgery and the vast majority of patients can be safely prescribed new 

spectacles 2-weeks after surgery (Oshika and Tsuboi 1995; de Juan et al. 

2013; Caglar et al. 2017; McNamara et al. 2019; Charlesworth et al. 2020).  

Alongside analysing the data as a group, we analysed refractive stability of 

each individual patient. We attempted to identify any outlying patients who 

take longer to achieve refractive stability and investigate into any possible 

reasons why which has not been attempted by previous studies. Eighty two 

percent of patients had a stable refraction 2-weeks postoperatively and could 

have safely been prescribed spectacles sooner than the current guidance of 

4-6 weeks. This will be particularly useful for patients who urgently require 

need spectacles sooner to correct a myopic target refraction, refractive 

surprise or to meet driving standards. Eighteen percent were found to still be 

unstable at 2 weeks so if patients were to receive spectacles early they 

should be aware there is a chance in may change in the subsequent weeks. 
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Analysis of individual data suggest that a large increase in cylindrical power 

(>0.75DC) and/or large change in axis (mean 28 degrees) from pre- to 2-

weeks post-surgery is an indicator that refractive stability has not occurred, 

and these patients should be monitored before prescribing new spectacles. 

Further work is needed to determine why some patients take longer to 

achieve refractive stabilisation and how these patients can be detected in 

practice. 
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Chapter 4:  Investigating target refraction advice provided 
to cataract surgery patients by UK optometrists and 
ophthalmologists. 

The study has been published in Ophthalmic and Physiological Optics as: 

Charlesworth E, Alderson AJ, Fylan F, Armstrong RA, Chandra A and Elliott 

DB. Investigating target refraction advice provided to cataract surgery 

patients by UK optometrists and ophthalmologists. Ophthalmic Physiol Opt  

2022;00:1– 14.  

http://doi.org/10.1111/opo.12957 

(Appendix D2) 

 

4.1 Introduction 

Cataract surgery is a commonly performed surgery with an estimated 25 

million cataract operations performed each year worldwide (Burton et al. 

2021). Advancements in surgery have not only led to an increased number of 

patients undergoing cataract surgery, but also an increase in patients’ 

expectations from surgery (Pager 2004). Post-operative satisfaction has 

been evaluated in a variety of ways including quality of life scores 

(Mozaffarieh et al. 2004; McAlinden et al. 2011), subjective satisfaction 

(Skiadaresi et al. 2012; Yotsukura et al. 2020), and the ability to perform 

vision dependent tasks (Ni et al. 2015). Fewer studies have looked at the 

refractive expectations of patients following surgery (Hawker et al. 2005).  

While the main aim of cataract surgery is to improve vision by replacing the 

opacified lens with a clear intraocular lens (IOL), surgery is increasingly 

recognised as a refractive procedure with the power of the IOL inserted 

during cataract surgery calculated to accomplish a target refraction. The  

chosen power of the IOL involves accurate keratometry, biometry and 

anterior chamber depth measurements, plus the selection of an appropriate 

http://doi.org/10.1111/opo.12957
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intraocular lens power formula (Lee et al. 2008; Jeong et al. 2017). Obtaining 

the correct target refraction is needed to ensure visual needs are met and 

the patient is happy with the outcome of surgery (Webber et al. 2020).   

Currently within the UK, patients receiving surgery under the publicly funded 

National Health Service (NHS) are only eligible for monofocal IOLs so will 

require distance or near vision spectacles for compete visual restoration 

following surgery.  Despite this it has been demonstrated that a main 

motivation to undergo surgery is to achieve spectacle independence (Hawker 

et al. 2005). More important still perhaps is that patients who did not require 

spectacles before surgery for distance and/or near do not expect to require 

them afterwards (Hawker et al. 2005). It is therefore important to determine 

and manage patients’ expectations of refractive outcomes.  

A focus group study exploring patients’ experiences of their vision following 

cataract surgery found a lack of knowledge among patients of how their final 

prescription would impact the type of spectacles worn post-surgery (Webber 

et al. 2020). This study and others (Kora et al. 1995; Hayashi and Hayashi 

2007) showed that some patients who were myopic pre-surgery and 

preferred to read without spectacles struggled with their post-surgical 

emmetropia and would have preferred a myopic target refraction to allow 

them to continue to read without spectacles post-surgery (Kora et al. 1995; 

Hayashi and Hayashi 2007). Similarly, it has been shown that patients who 

read without spectacles before cataract surgery would expect to be able to 

read without them after surgery (Hawker et al. 2005). Such older patients 

would be low myopes with relatively little astigmatism and because they 

would wear distance spectacles before surgery they would expect to also 
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wear them afterwards (Hawker et al. 2005). To ensure patient satisfaction 

and minimise refractive disappointment patients should have a thorough 

discussion regarding their refractive expectations and spectacle use post-

operatively.  

This is an exploratory study using a survey sent to UK optometrists and 

ophthalmologists using a mixture of vignette case scenarios, plus multiple 

choice and short answer questions (Appendix B1 and B2).  The aims of the 

study were:  

1) To determine if optometrists and ophthalmologists provide advice 

regarding post-operative target refraction. 

2) To determine the optimum time target refraction should first be 

discussed with the patient. 

As previous studies have shown differences in optometric referrals and NHS 

sight test outcomes depending on optometrist experience and practice type 

(typically large multiple versus independent) (Davey et al. 2016; Swystun and 

Davey 2021), these factors were explored in this study.  

4.2 Methods  

4.2.1 Overview  

Ethical approval was gained from the Chair of the Biomedical, Natural, 

Physical and Health Sciences Research Ethics Panel at the University of 

Bradford on 08/04/2020 (EC26122) (Appendix A1). The survey gathered 

background information regarding the number of years qualified, the work 

setting (large multiple, small multiple up to 10 branches, independent, 

hospital, university eye clinic or other for optometrists: NHS hospital, private 

practice, or both for ophthalmologists) and resident or locum practitioner 
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status for optometrists. It was then split into two sections:  the first consisted 

of two vignette clinical case scenarios (Patients A and B) and the second 

consisted of follow up questions regarding when target refraction should be 

discussed, and what percentage of patients receive an emmetropic target 

refraction (see Appendix). The survey included free text questions to give 

practitioners the opportunity to explain their answers.  The number of 

questions were kept to a minimum to allow the survey to be completed in 

approximately 10 minutes to gain a good response rate.   

The optometrist years qualified data were described using non-parametric 

statistics as the data were shown to not be normally distributed by 

Kolmogorov-Smirnov tests. A Fisher’s Exact test was used to compare target 

refraction discussion rates among large multiple and independent practice 

types. A multinomial logistic regression was used to assess if any of the 

three variables, (i) practice type, (ii) years qualified, or (iii) resident/locum 

were associated with discussing target refraction. First a main effects model 

was used to assess the effect of each independent variable upon the answer 

chosen.  To then investigate interactions between the independent variables 

a full factorial model was conducted.  The ophthalmologist years qualified 

data were described using parametric statistics as the data followed a normal 

distribution.   

4.2.2 Part A –  Case scenarios 

The vignette case scenarios were agreed by three optometrists (authors EC, 

AJA and DBE, 2-36 years qualified) and an ophthalmologist (author AC, 19 

years qualified).  The scenarios were identical for both the ophthalmologist 

and optometrist questionnaires, but the questions surrounding the scenario 
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were different to fit the role of each profession.  The scenarios were written 

to assess a key theme identified in the focus group study by (Webber et al. 

2020). This investigated whether practitioners would discuss target refraction 

with the patient before surgery (optometrists at the point of referral, 

ophthalmologists pre-operatively) and how this would impact their long-term 

post-operative correction following surgery. Ophthalmologists were also 

asked what target refraction they would recommend.   

Patient A and B both had bilateral cataracts. Patient A was a pre-operative 

myope (-2.50DS) who wore distance single vision spectacles for everyday 

wear, taking the spectacles off to read. This prescription was chosen as it 

allowed the patient to be able to read comfortably without their spectacles 

and addresses the issue studies have shown of some myopic patients 

struggling with post-surgical emmetropia (Kora et al. 1995; Hayashi and 

Hayashi 2007). Patient B habitually used a monovision contact lens 

approach, with their right eye set for distance vision, and their left eye set for 

near, and expressed that spectacle independence was important.  A pilot 

version of the questionnaire received comments from 10 optometrists and 

one ophthalmologist and lead to some minor wording revisions.   

4.2.3 Part B –  Further questions  

Part B consisted of further questions and asked when practitioners thought a 

patient’s target refraction should be discussed. The options were: (i) by the 

optometrist at the point of referral (direct referral), (ii) by the optometrist at 

the point of referral (GP referral), and (iii) by the ophthalmologist. 

Ophthalmologists were asked one additional question, investigating the 
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percentage of patients in which they aimed for an emmetropic target 

refraction in the last year. 

4.2.4 Distribution  

Optometrists 

Postal and online recruitment methods were used from the start of the study 

in an attempt to recruit as many optometrists as possible. The questionnaires 

were distributed between December 2019 and March 2020. A prospective 

sample size of 411 was determined following the method of (Israel 1992).  A 

population size of 14,000, confidence interval of 95%, and margin of error of 

5% resulted in a sample size of 374. We then added an extra 10% for 

missing data or responses needing to be discarded. A random number 

generator was used to select optometrists from the UK General Optical 

Council register. An information sheet, a copy of the questionnaire and a free 

return envelope was sent to the practitioners’ registered addresses.  A total 

of 235 questionnaires were sent out.  An online version of the questionnaire 

was also created using Google forms.  The link to the form was distributed 

on social media platforms, forums and to the College of Optometrists.  All 75 

local optical committees in the UK were contacted to ask if they were willing 

to distribute the questionnaire with the practitioners in their area.  The link 

was also distributed to all universities providing an undergraduate optometry 

degree.  

Ophthalmologists 

The questionnaires were distributed between August 2020 and December 

2020.  A prospective sample size of 326 was determined following the 

method of (Israel 1992).  A population size of 1,300, confidence interval of 
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95%, and margin of error of 5% resulted in a sample size of 297. We then 

added an extra 10% for missing data or responses needing to be discarded.   

The survey was distributed to ophthalmologists within the UK using email  

addresses obtained from the Royal College of ophthalmologist’s website.  A 

link to the survey was also shared on social media platforms, and further 

distributed by author AC and other ophthalmologists who contacted us 

offering to assist with the distribution to increase response rates. 

Table 4.1 The number of years qualified for 437 UK optometrists completing the 
survey divided by practice type. 

 

4.3 Results  

4.3.1 Optometrists’ responses  

A total of 437 questionnaires were returned consisting of 359 online 

responses and 78 paper replies (a response rate of 33%). 78.5% of the 

responses (343) were from resident optometrists and 21.5% (94) from locum 

optometrists. Table 4.1 shows the responses per practice type and the 

corresponding median number of years qualified. Optometrists from large 

multiples were significantly less experienced (22% had less than 3 years’ 

experience) compared to optometrists from independent practices (4%) (U= 

7142, p<0.001)  

 
Type of practice  

% of total 437 
questionnaires returned 

Median (IQR) years 
qualified  

Large Multiple 195 (45%) 10 (5-20) 
Independent 169 (39%) 25 (17-35) 
Hospital 40 (9%) 15 (8-22) 
Small Multiple (less than 
10 branches) 

18 (4%) 21 (15-27) 

University 9 (2%) 26 (8-30) 
Domiciliary 6 (1%) 21 (15-29) 
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4.3.2 Patient A  

A simple myope of -2.50DS in both eyes who took their spectacles off to 

read.  Optometrists were asked “At the point of referral would you discuss 

with the patient their target refraction options? (e.g., an emmetropic target 

refraction and distance spectacle independence, or a myopic target 

refraction and near spectacle independence, or an monovision target 

refraction and spectacle independence).  Three options were available: (i) 

yes discuss in person (34% of responses), (ii) yes and state preference in 

referral letter (28% of responses), and (iii) no leave the patient to discuss this 

with the ophthalmologist/ hospital eye service (38% of responses).  

Responses to Patient A were further divided into practice type and can be 

seen in Table 4.2. 

When comparing results from practice type, four options included small 

amounts of data (<10%) and considered too small for meaningful analysis. 

We compared data from the two largest groups of large multiple (N=195) and 

independent (N=169). The results showed large differences (Table 2), with 

“Discuss in person”: 28% large multiple vs. 43% independent; “Discuss and 

state in referral letter” 16% large multiple vs. 37% independent; “leave 

discussion to HES”: 56% large multiple, 20% independent (Fisher’s Exact 

test, p<0.0001). Multinomial logistic regression found a statistically significant 

association between discussing target refraction and years qualified (�$2(2)= 

21.2 p<0.0001), with a non-significant interaction between practice type and 

whether the optometrist was a resident/locum, (�$2(2)= 0.47 p=0.80). This 

suggests that differences were due to years of experience and not practice 

type.  Binary logistic regression produced an odds ratio of 1.066 (95% CI 
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1.046 to 1.086) indicating a 6.6% increase in discussion rates per year of 

experience. 

Table 4.2 Table showing the number of survey responses for patient A in each 
category. Each category is further subdivided into responses per practice type. 
 
 

4.3.3 Patient B  

Patient B was a habitual monovision contact lens wearer with his right eye 

for distance vision and his left for near vision and spectacle independence 

was important to them.  The importance of spectacle independence made 

the situation more unique, potentially making it more obvious to the 

respondent that they should discuss target refraction with the patient. 

 Yes discuss in 
person  

 
 

Yes and state 
preference in 
referral letter  

No leave the patient 
to discuss this with 

the 
ophthalmologist/HES  

 n=149 n=123 n=165 
 Median years 

qualified (IQR): 20 
(10-30) 

Median years 
qualified 

(IQR): 22 (16-31) 

Median years qualified 
(IQR) 10 (15-20) 

Large multiple 
n=195 
 

54 (28%) 31 (16%) 110 (56%) 

Independent 
n=169 
 

72 (43%) 63 (37%)  34 (20%) 

Small multiple 
n=18 
 

5 (28%) 8 (44%) 5 (18%) 

Hospital 
n=40 
 

11 (28%)  16 (40%) 13 (33%) 

Domiciliary 
n=6 
 

0 (0%) 4 (67%) 2 (33%) 

University 
n=9 

7 (78%) 1 (11%) 1 (11%) 
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Optometrists were asked the same question “At the point of referral would 

you discuss with the patient their target refraction options? (e.g., an 

emmetropic target refraction and distance spectacle independence, or an 

myopic target refraction and near spectacle independence, or an monovision 

target refraction and spectacle independence).  The same three options were 

available: (i) yes discuss in person compromising (26% of responses), (ii) 

yes and state preference in referral letter (46% of responses), and (iii) no 

leave the patient to discuss this with the ophthalmologist/ hospital eye 

service (28% of responses).  Responses to Patient B were further divided 

into practice type and can be seen in Table 4.3. 
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Table 4.3 Table showing the number of survey responses for patient B in each 
category. Each category is further subdivided into responses per practice type. 

 

A Fisher’s Exact test showed the distribution of those who discuss or not 

discuss target refraction with patient B were significantly different from each 

other in large multiple and independent practices (p<0.0001). A full factorial 

multinomial logistic regression showed a statistically significant association 

was found between discussing target refraction and years qualified (�$2(2)= 

11.9 p=0.003), with a non-significant interaction between practice type and 

whether the optometrist was a resident/locum, (�$2(2)= 0.30 p=0.86). This 

suggests that differences were due to years of experience and not practice 

type.   

 Yes discuss in 
person  

 
 

Yes and state 
preference in 
referral letter  

No leave the patient 
to discuss this with 

the 
ophthalmologist/HES  

 n=113 n=202 n=122 
 Median years 

qualified (IQR): 20 
(10-30) 

Median years 
qualified 

(IQR): 20 (11-30) 

Median years qualified 
(IQR) 10 (5-20) 

Large multiple 
n=195 
 

48 (25%)  68 (35%) 79 (40%) 

Independent 
n=169 
 

 49 (29%)  94 (56%)  26 (15%) 

Small multiple 
n=18 
 

 4 (22%)  11 (61%) 3 (17%) 

Hospital 
n=40 
 

 7 (28%)  21 (53%)  12 (30%) 

Domiciliary 
n=6 
 

 0 (0%) 4 (67%)  2 (33%) 

University 
n=9 

5 (56%) 4 (44%)  0 (0%) 
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Further analysis was conducted to compare the responses optometrists gave 

for both patient A and patient B.  They were subdivided into those that 

discussed target refraction with both patients, those that did not discuss 

target refraction with either patient, or those that would discuss target 

refraction with only one of the patients (Table 4.4).  There was a significant 

difference in the years qualified between the four groups (Kruskal Wallis test 

H3 = 52.0, p <0.0001. 

 n Median (IQR) years 
qualified  

Discuss with both Patient A 
and B  

265 22 (13-31) 

Do not discuss with Patient 
A or B  

114 10 (5-20) 

Discuss with Patient B only  50 15 (5-20) 
Discuss with Patient A only  8 14 (10-20) 

Table 4.4 Optometrists’ median years qualified when subdivided into those that 
discussed target refraction with both patients, with neither patient, or with only one 
of the patients. 

 

4.3.4 Qualitative Analysis  

Practitioners were also asked to explain their responses, and these were 

analysed using inductive content analysis whereby themes are generated 

from the data set (Elo and Kyngäs 2008). Two coders EC and FF were used 

to code and organise the data into categories using as many headings as 

necessary to fully describe the content.  The list of categories were then 

grouped with other similar categories to create themes.   We aimed to 

identify any common themes within responses of those that reported they 

would: (i) discuss target refraction, (ii) would not discuss it, and (iii) would 

discuss it occasionally.  The comments from each group provided themes 

that helped to explain their decision (Figure 4.1). These are described below 
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and demonstrated with example quotes. Time was an overarching theme 

and found within comments from all groups.   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Venn diagram showing the themes found during qualitative analysis, and 
the percentage of comments found in each theme. 

 

Optometrists who discuss target refraction  

Optometrists who reported they would discuss target refraction could be 

explained by three themes.  

1) Patient choice and satisfaction 

This was the most common theme found. Optometrists highlighted the 

importance of giving patients a choice of their target refraction to ensure that 

their vision is optimal for their lifestyle and to help ensure they will be 

satisfied with the results of surgery. Many highlighted the importance of 

explaining the options to patients so they have a better understanding of the 

DO NOT DISCUSS (26%) 
-Do not want to over-step 

authority 
-Lack of confidence 

-Part of a wider discussion 
with the ophthalmologist 

 
 

SOMETIMES 
DISCUSS 

(13%) 
 

- Patient refractive 
status 

-Patient enquires 
-Time 

 

DISCUSS (61%) 
-Patient choice & 
satisfaction 
-Part of the referral 
process 
-Optometrist’s 
experience  
-Time 
 

-Time  
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impact of their decision and can therefore make an informed choice.  Several 

noted the importance of giving patients the chance to think about their 

options before seeing the ophthalmologist to prevent them from making a 

snap decision without fully understanding or considering the implications.  A 

few also noted that the patient is given a lot of information at their hospital 

appointment, which may mean that they do not digest or understand all the 

options, which reduces their ability to make a considered decision about 

target refraction, therefore discussing this earlier may lead to a better patient 

outcome.   

“Very important to discuss as refractive outcome massively affects 

quality of life post-op and patients perception of success of the op.”- 

Respondent 157  

“I'm primarily a hospital optom for a cataract surgery provider, so 

always discuss the refractive target at pre assessment in secondary 

care. The number of myopic Px that this choice catches off guard is 

significant. When in a primary care setting, I'd mention the options to 

plant the seed of them thinking about what they want before they 

reach the hospital and leave them time to make the decision.” – 

Respondent 81 

 

2) Optometrist’s experience of unhappy patients  

Many optometrists reported a history of examining patients dissatisfied with 

the refractive outcome of cataract surgery, and this was their main motivation 

in discussing target refractions.  Some felt patients may not be given a 

choice about their target refraction as all options may not be offered, or it 
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may not be explained in a way the patient understands. In particular, some 

optometrists worried that some (particularly myopic) patients could accept an 

emmetropic target refraction without fully understanding its consequences on 

their visual needs and lifestyle.   

“A lot of them come back post cataract and say they feel worse off 

because they could see for near but after surgery they can no longer 

see. It's best to already ask the patient their preference or talk about it 

so they can make up their mind by the time they are seen at HES 

(hospital eye service)” – Respondent 52 

“I have had too many myopes disappointed with their emmetropia 

(and therefore need for readers!) and know that I too would prefer to 

be left myopic, so always try to inform the patient at this point.” – 

Respondent 335  

 

3) Part of the referral process 

Some optometrists reported that discussing target refraction was part of their 

referral process. This included optometrists that felt they had a duty of care 

to discuss options and outcomes of surgery with patients and those where 

this was part of a funded cataract referral pathway.  Many felt they were in a 

good position to discuss and advise patients on this topic as they have a 

good understanding of patients’ refractive history and visual needs.  

“It’s important, and necessary, I believe, our responsibility as a 

primary care professional to discuss different possible outcomes with 

patient and discuss patient preferences. I also think it’s important to 
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pass this information to the ophthalmologist in writing.”- Respondent 

117 

“We have a funded extended counselling service for cataract referral 

and this would be a part of it.” – Respondent 30 

 

Optometrists who do not discuss target refraction 

The reasons why optometrists who reported they would not discuss target 

refraction could be explained by three themes.  

1) Do not want to over-step authority 

Some optometrists felt that discussing target refractions with a patient could 

be over-stepping their authority. 

“I am not operating or choosing the lens power of the implant. It may 

be different if a long term monovision contact lens wearer but I would 

not patronise the surgeon into telling them which refractive result to 

aim for in this case.” – Respondent 136 

“I do not make a recommendation at the risk of stepping on 

ophthalmologist’s toes.” – Respondent 268 

 

2) Lack of confidence 

Some felt a lack of confidence in what options were available, and others 

were unsure if the ophthalmologist had any specific preferences.  Some 

highlighted that they would not feel confident to have the discussion in 

practice as there may be clinical factors they are not aware of that may limit 

target refraction. A few described how having this discussion with patients 

could lead to disappointment if a patient chooses a target refraction that the 
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ophthalmologist later decides is not an option.  Others lacked confidence that 

their recommendations would be seen by the ophthalmologist or would be 

ignored. 

“Would not feel confident offering the patient other options when I am 

not sure that the ophthalmologist is happy to agree to it.” – 

Respondent 21 

“I wouldn't want to create expectations that were then changed @ 

HES for a reason. Also, not confident in discussing what could be 

achieved.” – Respondent 347 

 

3) Ophthalmologist role 

This included all responses believing that the responsibility to discuss the 

target refraction discussion lies with the ophthalmologist rather than 

themselves. Many talked about how the ophthalmologist makes clinical 

decisions about which target refraction to offer, and extra examinations and 

tests are often conducted at the hospital before a target refraction discussion 

can occur. Some thought that the discussion about target refraction best 

takes place alongside a wider discussion of the risks of surgery and what the 

patient will experience. Some described how it had never occurred to them 

that they would have this discussion with the patient, as everything to do with 

surgery is handled by the hospital.  Several optometrists noted that they did 

not discuss target refraction with the patient as it is not required as part of the 

referral process. This reinforces the idea that a discussion is not part of the 

optometrist’s professional role and will be covered by the ophthalmologist. 
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“This decision needs to be made between the ophthalmologist and the 

patient. We can refer but ultimately, it's the surgeon's decision 

whether he performs surgery. It's their responsibility to discuss the 

pros, cons and risks of the procedure and the potential outcome for 

the patient.” – Respondent 210 

“It is down to what the surgeon thinks is suitable for patient as they will 

do further test to determine what the correct IOL power is the axial 

length etc which we as optometrist cannot do so.” – Respondent 124 

 

Optometrists who sometimes discuss target refraction 

Optometrists who sometimes reported that they would discuss target 

refraction typically reported that would do so for the monovision patient but 

less so for the myopic patients and that they would also provide information if 

and when asked.  

Time 

Time was an encompassing theme for all three groups. In those that do 

discuss target refraction with patients they did so because they felt they had 

the time to discuss different options with the patient.  Some felt they had 

more time than would be available to the ophthalmologist at the hospital and 

that ophthalmologists may not spend sufficient time on the discussion due to 

time limitations.  One hospital optometrist stated there was not enough time 

to discuss target refraction options at the hospital, and some mentioned that 

local ophthalmologists requested that optometrists have this discussion with 
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patients, so further demonstrating that the time available during hospital 

appointments was limited.  

“Not often time to discuss fully in hospital and good that patient is fully 

aware of their options” – Hospital optometrist – Respondent 96 

“Local ophthalmologists have requested this as it means their time is 

better spent with patient if options have been discussed” – 

Respondent 25 

 

Of those that do not discuss target refraction many mentioned this was due 

to time limitations in practice.   

“Time constraints in practice do not allow enough time to spend with 

patients to go through different correction options.” – Respondent 135 

“We have no time to discuss further options due to a 25-minute slot to 

complete an eye-test” – Respondent 124 

 

Sometimes discuss 

Of those optometrists that would only discuss target refraction sometimes, 

time availability was one of the main contributing factors.  They noted they 

would only discuss target refraction with the patient if they had time but if not, 

they would advise the patient to discuss this when they saw their 

ophthalmologist.  Some felt they did not have sufficient time to have an in-

depth discussion but would briefly mention the options available if time 

allowed. 
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“Will only discuss if I'm running on time. If not then I'll briefly mention 

that it's something to talk about with your consultant.” – Respondent 

159 

“Time issue - have discussed with patients when he/she wants more 

information.”  – Respondent 318 

 

4.3.5 Ophthalmologists’ responses  

A total of 50 questionnaires were completed of which all were completed 

online.  54% of responses were completed by ophthalmologists working in 

the NHS, 6% worked in private practice, and 40% worked a combination of 

NHS and private practice.  The average number of years qualified was 18.3 

years, standard deviation 7.3 years.  The sample size is much lower than our 

target number of 326 and subgroup sample sizes (e.g., practice type, years 

of experience) are too small for meaningful analyses. Table 4.5 shows the 

responses for the myopic Patient A and monovision patient B. 
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Table 4.5 Survey responses of 50 ophthalmologists for patients A and B. 

 

Ophthalmologists were asked over the past year what percentage of patients 

they aimed for an emmetropic target refraction. The median response was 

90%, range 80-100% 

 

Ophthalmologists who discuss target refraction 

Many ophthalmologists highlighted the importance of discussing target 

refraction with the patient to ensure they are satisfied with the outcome of 

surgery and saw this as best practice.   

“Important to explain options to patient and allow own decision based 

on their visual requirements and preferences...in my experience not all 

low myopes are happy with emmetropia” – Respondent 30 

“Would not make decision based on what patient had discussed with 

their optometrist. Would have discussion with patient and together we 

Patient A  
Would you discuss with Patient 
A their target refraction options 
before surgery? Please state 
your reason why.  

% Patient B  
Would you consider a monovision 
target refraction for Patient B and 
state your reasons why.  

% 

Usually recommend an 
emmetropic target refraction 
 

24 Yes, usually recommend a 
monovision target refraction 

52 

Usually recommend a myopic 
target refraction 
 

18 No, usually recommend an 
emmetropic target refraction 

6 

Accept the patient’s decision 
following a discussion of available 
options with the patient 
 

52 No, usually recommend a myopic 
target refraction 

2 

Accept the patient’s decision 
based on the discussion they had 
with their optometrist 
 

6 Accept the patient’s decision 
following a discussion of available 
options with the patient 

40 

No discussion  0   
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would make the decision. Nine times out of ten, emmetropia is 

chosen” – Respondent 17 

 

Ophthalmologists who discuss and make recommendation 

This category covers ophthalmologists who would discuss available options 

with the patient and then recommend a target refraction for the patient.  The 

target refraction advised was for several reasons: some advised a specific 

target refraction due to the patient’s lifestyle or hobbies, and some advised 

based on their past clinical experience.  Several suggested discussing all 

options with the patient, and then trialling different refractive errors with 

contact lenses to ensure the patient is happy with their choice before making 

a recommendation. This latter approach seems problematic as although 

post-operative emmetropia with ready readers for near might be easily 

simulated, post-operative myopia would also require new distance 

spectacles that they would remove for near work. 

“I tend to say that we usually aim for emmetropia but offer myopia if 

they wish - they tend to go for emmetropia” – Respondent 26 

“The refractive aim will depend on the patient’s daily activities, e.g., 

some myopes read unaided, and may want to continue to do this. If 

they are unsure I would suggest a contact lens trial to simulate the 

outcome, informing them of the degree of prediction error in 

outcomes.” – Respondent 29 
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Ophthalmologists who make recommendations only 

This category covered ophthalmologists who make a target refraction 

recommendation for the patient but did not mention discussing options. Of 

those that recommended a target refraction for the myopic patient A, 57% 

reported that they would recommend an emmetropic target (although several 

suggested a low myopic target of around -0.75DS and reading glasses).  

Most of the responses were based upon clinical experience and satisfaction 

of previous patients.  Aiming for a -0.75DS target refraction was more 

common when biometry measurements were very crude and target errors 

were unpredictable as it protected against a hyperopic outcome for the 

patient. Aiming for a -0.75DS target refraction now is only generally 

recommended in patients that wish for a mild myopic outcome, or in patients 

that are housebound due to dementia or learning difficulties (Paul Ursell, 

personal correspondence, 24/10/2022). 

 

“Normally aim at -0.75 to -1.0 as myopes ‘hate’ ending up on 

hypermetropic side of emmetropia” – Respondent 15 

“Low myopia and reading glasses are acceptable for most patients. 

Taking off glasses to read appears to be a new practice for this 

teacher. If they are clear about their needs and have had a robust 

discussion with their optom and is documented in the referral letter 

then I would go with, ‘usually accept the patients decision based on 

the discussion they had with their optometrist”- Respondent 11 
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Finally, both optometrists and ophthalmologists were asked when they 

thought target refraction should first be discussed with the patient with the 

results shown in Figure 4.2. 

 

 

 

 

Figure 4.2 Showing the responses from optometrists (left) and ophthalmologists 
(right) when asked when target refraction should first be discussed with the patient. 

 

4.3.6 Managing expectations 

When discussing target refraction with patients it is important that the 

patient’s expectations are managed.  While the patient has a choice when 

deciding upon their final target refraction, they should be made aware that 

this is within a tolerance and cannot always be guaranteed.  National 

biometry audits suggest a benchmark of 85-90% of patients undergoing 

routine cataract surgery should achieve a final spherical equivalent refraction 

within 1 dioptre of the predicted value, and 55% of patients should be within 

0.5 dioptres (Gale et al. 2009; Day et al. 2015).  It should be emphasised the 

main aim of surgery is to in fact remove the cataract rather than correct for 



128 
 

any refractive error.  Indeed, this issue was raised by one optometrist 

working within the hospital eye service who discussed how over promising 

results can be problematic and is not always fully discussed with the patient. 

“I currently work for an AQP (Any Qualified Provider – An NHS 

contract which allows non NHS organisations to provide NHS 

services) doing cataract surgery. Community optometrists discussing 

refractive targets is a big problem we face. The reason for this is 

because community optometrists don't tend to explain that the reason 

for cataract surgery is to improve vision whether they need specs for 

distance vision and near vision post-operatively or not. The patient 

doesn't understand the +/-1.00 tolerance of the operation (because it 

is often not explained) and when we try and discuss with the patient a 

number of them are upset and say, 'Well my optometrist said...'. Not 

only does this make the Community optometrist look like they don't 

know what they are doing it leaves patients very unhappy.”- 

Respondent 196 

4.4 Discussion   

Target refraction discussions are vital to ensure patient satisfaction post-

operatively. Current advice from the NHS states, “Providers must ensure that 

patients have sufficient time to consider these complex issues, and decisions 

such as post-operative target refraction should be determined and agreed 

with the patient well in advance of the scheduled surgery date” 

(Worcestershire July 2020). Despite this a recent focus group study (n=26) 

found 27% of  patients had no discussion regarding their target refraction or 

were not given sufficient time or information to make an informed choice and 
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therefore deferred to the ophthalmologists recommendation (Webber et al. 

2020). This study aimed to investigate if clinicians did discuss target 

refraction with their patients. We found both optometrists and 

ophthalmologists had differing views of when target refraction should first be 

discussed with the patient. Some optometrists were found to not discuss 

target refraction options at all with patients, while others would have a 

preliminary discussion with patients. Likewise, some ophthalmologists 

preferred to recommend a target refraction (typically emmetropia) while 

others had a discussion of available options before accepting the patient’s 

decision.  Part of the survey was to investigate if optometrists see discussing 

target refraction as part of their role. While it might be assumed discussing 

target refraction would be part of a hospital optometrists’ role this was not 

known and 33% of hospital optometrists in our sample did not see discussing 

target refraction as part of their role, which is concerning if they are the last 

person to see the patient pre-operatively. Likewise, 60% of high street 

optometrists saw discussing target refraction as part of their role despite not 

being the last person to see the patient pre-operatively. 

 

Optometrists and ophthalmologists participating in our survey were found to 

have more agreement for the monovision patient (Patient B) and typically felt 

that a full discussion and possibly contact lens trials were warranted for this 

patient. The pre-operative low myope (Patient A) provided more differing 

views. Less experienced optometrists were found to not discuss target 

refraction for two reasons. Firstly, they were not familiar with previously 

myopic patients being unhappy with their final refraction (emmetropia) 
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because they had now lost their ability to read without spectacles.  Secondly, 

they reported a lack of confidence and knowledge and a desire not to over-

step their authority. The multinomial logistic regression results suggested 

that the reason that optometrists in large multiples discussed target refraction 

much less than those in independent practices is that large multiples employ 

far more inexperienced clinicians. The driver appears to be years of 

experience and not practice type.  

Only a small number of responses were received from ophthalmologists (50) 

and much lower than our target size (326), so that the results cannot be 

generalised and must be treated with caution.  The majority of 

ophthalmologists (52%, 26/50) reported they would discuss the available 

options with the myopic patient and then allow them to make an informed 

decision, while 42% (21/50) reported that they would recommend either 

emmetropia (12/50, 24%) or myopia (9/50, 18%), although the comments 

provided suggested that the latter was low myopia of about -0.75 to -1.00DS 

(5/9 of the ophthalmologists who would recommend myopia would 

recommend low myopia) which would still require patients to use reading 

glasses rather than a higher myopic distance correction (�§��-2.00D) that would 

allow reading without glasses.  Ophthalmologists reported targeting an 

emmetropic refraction in 90% of their patients in the past year, with the 

remaining 10% consisting of mainly myopic with some monovision target 

refractions. It is difficult to estimate how many myopic patients who read 

uncorrected are obtaining an emmetropic target refraction. In Europe those 

born between 1940 and 1979 have been shown to have a myopic prevalence 

of 23.5% pre cataract surgery (Williams et al. 2015). The refractive error UK 
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biobank study demonstrated a myopic prevalence of 24.9% in those aged 

60-64 and 20.1% in those aged 65-69. From our small sample estimate of at 

most 10% targeting a myopic refraction, this suggests that at least half of 

myopic patients may be obtaining an emmetropic target refraction post-

operatively (Cumberland et al. 2015). However, this is further complicated by 

astigmatism, which would need to be relatively small to allow reading 

uncorrected. Although not firmly established, the level of cylindrical power to 

be considered clinically significant is approximately 0.50 to 1.00D (Nanavaty 

et al. 2006). 

Target refraction discussions are essential for every patient and our results 

highlighted several barriers to patients receiving these discussions.  We 

discuss below how these barriers can potentially be overcome. Firstly, 

education. The 44% (191/437) of optometrists who believe target refraction 

should be discussed by the ophthalmologist were significantly less 

experienced (Fisher’s Exact test p<0.0001) and discussion rates were shown 

to increase 6.6% per year of experience. To improve the discussion rate in 

this group improving optometric education to fully include this topic in 

undergraduate optometry programmes would raise awareness of the issues 

patients face post-surgery and improve confidence for more inexperienced 

optometrists to discuss this with patients. Continual professional 

development could be provided for qualified optometrists. Likewise, only 18% 

of ophthalmologists would consider recommending a myopic target refraction 

to a myopic patient therefore training for ophthalmologists would also help to 

raise awareness within the profession.  
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Secondly, referral schemes. Funded direct cataract referral schemes exist in 

some areas of the UK, whereby optometrists are paid a fee to allow them to 

spend additional time counselling a patient about the pros and cons of 

cataract surgery before referring directly to ophthalmology.  However, the 

main aim of these schemes is to reduce the number of patients referred who 

then decline treatment, and not to introduce a target refraction discussion 

with the patient.  Out of our 437 optometrists surveyed only one specified it 

was part of their referral scheme. Many optometrists did not discuss target 

refractions as there was no option to add this onto the referral form, or they 

did not believe that the letter they sent would be available to the 

ophthalmologist when they saw the patient.  Including target refraction as 

part of a direct referral or shared care scheme would encourage optometrists 

to discuss this with their patients.  

Thirdly, time appears to be a significant barrier for optometrists discussing 

target refraction in practice. While a handful of optometrists felt they had time 

to discuss this and show available options to patients, many felt time 

constraints would not allow for a discussion.  A funded direct referral scheme 

including the optometrist having an initial target refraction discussion with the 

patient is likely to free up more time for ophthalmologists who also raised 

limited time as an issue. 

4.4.1 Limitations  

A limitation of the study is that we did not directly gather information 

regarding whether individual optometrists were involved in direct cataract 

referral schemes that included discussing target refraction as part of their 

referral process.  Analysis of the ophthalmology data was limited by the small 
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number of responses in this group.  There are several explanations for the 

low response rate, (i) the time constraints of ophthalmologists, (ii) the 

changing of NHS email addresses making it harder for us to contact 

ophthalmologists, and (iii) some ophthalmologists reporting NHS firewalls 

blocking our emails.  The ophthalmic directory from the Royal College of 

Ophthalmologists was used to contact all the ophthalmologists with an email 

address available and they were asked to respond and circulate.  An 

ophthalmologist was part of the study team (AC) and attempted to obtain 

responses from colleagues and several other ophthalmologists helped with 

circulations, along with promoting the study on social media platforms.  

Despite these attempts the response rate remained low.  Although the 

results should be interpreted with caution we believe that the data are 

valuable in helping to demonstrate that the great majority of patients have an 

emmetropic target refraction (90%, range 80-100%) and 12 of the 50 

ophthalmologists (24%) reported that they would aim for a target refraction of 

emmetropia for the moderate myope who read without spectacles pre-

surgery. As the respondents were self-selecting these clinicians may have 

had an interest in target refraction and this may have influenced the results 

and introduced bias. There is also the potential that despite the survey 

undergoing a pilot round to check question understanding, a minority of 

answers may have come from respondents who did not correctly interpret 

the questions. 

4.5 Conclusion  

Opinions differed between optometrists and ophthalmologists of when target 

refraction should first be discussed with patients when referring for cataract 
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surgery.  Experienced optometrists were much more likely to discuss target 

refraction with their patients (p<0.0001), with less experienced optometrists 

choosing not to due to lack of experience, confidence and wishing to avoid 

patronising the ophthalmologist. We assume that the view of experienced 

optometrists, with their knowledge of the unhappy patients produced under 

the current system, is the approach to follow. This suggests that this issue 

needs greater exposure in University training and Continuing Professional 

Development. Both optometrists and ophthalmologists raised time 

constraints as a barrier to having comprehensive discussions concerning 

target refraction.  Funded direct referral schemes are likely to be a useful 

step forward so that optometrists are provided with the extra time to discuss 

this with patients, patients are more informed ready for the discussion they 

will have with their ophthalmologist, and will allow patients sufficient time to 

consider their decision.  Despite many optometrists already discussing target 

refraction options with patients, within our study 76% of ophthalmology 

respondents thought target refraction should first be discussed by 

themselves. Guidelines developed between both optometrists and 

ophthalmologists would provide optometrists with the confidence and correct 

information of what to include in patient discussions and provide confidence 

to ophthalmologists that the patient is correctly informed before they attend 

the hospital eye service.  An agreed protocol of initial target refraction 

discussions by optometrists to introduce the idea of refractive outcomes and 

outline options with further discussion with the ophthalmologist to clarify 

understanding and make a decision will help to provide patients with the 

knowledge and time to make informed decisions regarding their surgery. 
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Chapter 5: Investigating post-operative refractive 
management advice provided to cataract surgery patients 
by UK optometrists and ophthalmologists 

5.1 Introduction  

As discussed in chapter 2, the post-operative refractive management of 

patients following cataract surgery can be challenging for both practitioners 

and patients. The focus group study investigating patients’ experiences 

following cataract surgery highlighted three main post-operative refractive 

management challenges which needed further investigation  (Webber et al. 

2020):   

1. When is it safe for a pseudophakic patient to begin driving again 

postoperatively? Any such advice has been reported to be lacking, 

with some patients saying they received no information and others 

reporting they received advice suggesting it was safe to drive after a 

few days to several weeks (Webber et al. 2020). From (Webber et al. 

2020) focus group study only one patient received advice based on 

the legal driving standards, with most just assuming when it would be 

safe for them to drive.  Worryingly, it has been shown that older 

drivers have the greatest mismatch between self- rated driving ability 

and actual driving ability posing a risk to road safety (Wood et al. 

2012), and many patients underestimate the legal driving standards 

(Fylan et al. 2018). This in part may explain that while cataract surgery 

is shown to reduce motor vehicle crashes (Owsley et al. 2002; Wood 

and Carberry 2006; Meuleners et al. 2012; Schlenker et al. 2018; 

Meuleners et al. 2019), in some studies this improvement was found 

to be lower than expected (Meuleners et al. 2012; Schlenker et al. 
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2018). A study conducted by (Meuleners et al. 2012) found ‘head on’ 

and ‘hit pedestrian’ crashes increased after first eye surgery, while 

another study conducted by (Meuleners et al. 2019) found crash rates 

were higher after second eye surgery compared to first eye surgery 

(although still lower than pre-operatively) and they suggested this may 

be due to adapting to a new refractive correction.  The survey was 

designed to investigate what advice optometrists and 

ophthalmologists give to patients regarding driving post-operatively, 

and how soon they recommend their patients can drive.  

 
2. How soon do practitioners think spectacles can be safely prescribed 

following routine cataract surgery? Current advice from the Royal 

College of Ophthalmologists recommends patients obtain a new 

spectacle prescription 4-6 weeks following routine cataract surgery 

although patients left with myopia or astigmatism following surgery will 

struggle and may visit their optometrist for spectacles sooner than the 

current guidance. As discovered during the focus group study by 

Webber et al. and from practitioners comments in chapter 4 

(“Investigating target refraction advice provided to cataract surgery 

patients by UK optometrists and ophthalmologists”) some patients 

who were myopic pre-surgery and preferred to read without 

spectacles struggled with their post-surgical emmetropia and would 

have preferred a myopic target refraction to allow them to continue to 

read without spectacles post-surgery (Kora et al. 1995; Hayashi and 

Hayashi 2007). Unlike patients opting for an emmetropic target 

refraction who may be able to use ‘ready reading’ glasses post-



137 
 

operatively, patients opting for a myopic target refraction to allow for 

spectacle independence for near tasks will struggle with distance 

vision tasks until they obtain a new spectacle prescription from their 

optometrist. The re-analysis of the data from (de Juan et al. 2013) 

during our systematic review and meta-analysis (chapter 2) found 

refraction was stable after 1-2 weeks for the vast majority of patients 

(93%) following uncomplicated surgery, therefore I wanted to 

investigate if practitioners are willing/do prescribe sooner than the 

current guidelines of 4-6 weeks, and in which scenarios they think this 

is appropriate.  

 
3. What are the prescribing habits of optometrists in the interim period 

between first eye and second eye surgery? It has been shown that 

patients adopt a variety of coping strategies in this interim period as 

their existing spectacles become unsuitable post-operatively. Some of 

the strategies included: taking a lens out of their existing spectacles, 

making a patch to cover their unoperated eye, wear existing 

spectacles (although vision is likely to be blurred in the operated eye), 

or not wearing any spectacles (Webber et al. 2020).  While (Webber 

et al. 2020) suggested these solutions were trial and error approaches 

adopted by the patient rather than solutions suggested by 

optometrists,  the advice optometrists and ophthalmologists give in 

this interim period and whether the length of time between first and 

second eye surgery influences the advice given, needed to be 

investigated. 



138 
 

5.2 Methods  

5.2.1 Overview  

As described in chapter 4 the survey gathered background information 

regarding the number of years qualified, resident or locum practitioner status 

(for optometrists), and practice type. The survey consisted of two vignette 

clinical case scenarios regarding postoperative refractive management – 

patient C and D (Patient A and B investigate target refraction and are 

discussed in chapter 4), plus follow up questions regarding how soon 

practitioners were willing to prescribe new spectacles post-operatively, and 

how soon practitioners advised patients they could drive following surgery 

(Appendix A1, B1 and B2). Free text questions gave practitioners the 

opportunity to explain their answers. To encourage a good response rate 

questions were kept to a minimum.  

A multinomial logistic regression was used to assess if any of the three 

variables, (i) practice type, (ii) years qualified, or (iii) resident/locum were 

associated with the post-operative refractive advice given. First a main 

effects model was used to assess the effect of each independent variable 

upon the answer chosen. To then investigate interactions between the 

independent variables a full factorial model was conducted. 

5.2.2 Vignette case scenarios 

Patient C was presented to both optometrists and ophthalmologists.  The 

scenario was written to investigate a theme identified by (Webber et al. 2020) 

of “Change to Vision” during a focus group study exploring patients 

experiences following cataract surgery.  The study highlighted patients 

struggled in the period between first and second eye surgery as their existing 
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spectacles were unsuitable and they reported adopting a variety of different 

strategies including: taking out one of the lenses, making a patch to cover 

the unoperated eye, not wearing any spectacles or continuing to wear their 

existing spectacles (although vision would likely be blurred in the operated 

eye). Patients reported applying a trial-and-error approach rather than 

solutions suggested by their eye care professionals. The scenario was 

designed to investigate the refractive advice optometrists and 

ophthalmologists give in the interim period between first and second eye 

surgery. The case scenario of patient C involved a patient who had cataract 

surgery on their right eye six weeks previously and had attended for a new 

spectacle prescription. Six weeks was chosen as current advice 

recommends patients obtain a new spectacle prescription 4-6 weeks after 

surgery. He was an existing bifocal wearer who was a driver and liked to 

read. Optometrists and ophthalmologists were asked what spectacle advice 

they would give for two between-surgery periods, a short-term period of 4 

weeks, and a longer-term period of 6 months.  

The case scenario of Patient D involved a patient who had cataract surgery 

on their left eye seven weeks previously and had attended for an updated 

prescription and new spectacles. The cataract in their right eye was not yet 

advanced enough for surgery, they were an existing varifocal wearer but had 

been left with 3.50D of anisometropia following surgery. Patient D was only 

presented to optometrists as ophthalmologists are rarely involved in the 

prescribing of spectacles post-surgery. Current guidance from the Royal 

College of Ophthalmologists recommends that new spectacles should be 

provided 4-6 weeks after surgery by an optometrist (The Royal College of 
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Ophthalmologists 2018). This question was designed to investigate the 

prescribing habits of optometrists when they are presented with a patient 

with anisometropia following cataract surgery.  Four options were available: 

new varifocals, new bifocals, new single vision distance and single vision 

near, and other (please specify).   

5.2.3 Further questions  

Further questions asked how soon practitioners would prescribe new 

spectacles to a patient following cataract surgery, along with any factors that 

would influence their decision. Both optometrists and ophthalmologists were 

asked how soon they advise patients can drive following routine, 

uncomplicated surgery. 

The distribution of the survey is discussed in detail in chapter 4. 

5.3 Results  

A total of 437 optometrists’ responses were returned consisting of 359 online 

responses and 78 paper replies.  A total of 50 ophthalmologists’ responses 

were collected.  For ophthalmologists the sample size is much lower than our 

target number of 326 and subgroup sample sizes (e.g., practice type, years 

of experience) are too small for meaningful analyses. Further descriptive 

statistics are discussed in chapter 4. 

5.3.1 Driving advice  

Optometrists and ophthalmologists were asked how soon they would advise 

a patient can drive following surgery.  For optometrists 222 out of the 437 

optometrists advised a specific period of time. The answers ranged from 

advising the patient that they can drive immediately following surgery to 8 
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weeks post-operatively. The most common period of time advised by 

optometrists (the mode) was 1 day following surgery (n=41, 19%) and the 

median value was 7 (IQR 2 - 14). Ten optometrists (5%) suggested patients 

could drive on the same day as the surgery. Most suggested that patients 

could drive sometime within the first week (142/222, 64%), but 80/222 (36%) 

suggested 2 weeks or more and 45/222 (20%) suggested 4 weeks or more. 

For ophthalmologists 27 out of the 50 ophthalmologists advised to wait a 

specific period of time before driving. The answers ranged from advising the 

patient that they can drive from 1 day following surgery to 6 weeks post-

operatively. The most common period of time advised by ophthalmologists 

(the mode) was 1 week following surgery (n=9), with the same median value 

of 7 days (IQR 3-14). The distribution of responses for both optometrists and 

ophthalmologists are shown in the graph Figure 5.1 and 5.2. 
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Optometrist’s responses  

 

Figure 5.1 Optometrist’s responses to how soon they advised patients can drive 
following surgery. 
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Ophthalmologist’s responses 

 

Figure 5.2 Ophthalmologist’s responses to how soon they advised patients can 
drive following surgery. 

 

The remaining optometrists (n=215) would not state a period of time for when 

the patient could start driving but would offer advice to the patient instead.  

The advice that optometrists listed underwent content analysis as per the 

previous chapter and four categories were found. 

�x Can drive once driving standards are met (45%) 

�x Can drive after attending post-operative check (24%) 

�x Follow hospital eye service advice (21%) 
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Can drive once driving standards are met  

Forty five percent of optometrists discussed that they would advise the 

patient can drive once they meet the DVLA driving standards and do not 

have any diplopia.  Many mentioned that it was the responsibility of the 

patient to assess whether their vision met the driving standard.  

 “When they read number plate and advise it is their responsibility.” 

“I advise them the driving standard is self-certified, and they can drive 

as soon as they can meet the no plate standard and feel also safe to 

do so. They must self-assess both of these conditions.” 

 

Can drive after attending post -operative check  

Twenty four percent of optometrists said they would be happy to advise the 

patient they are safe to drive once they have attended for their post-operative 

check.  The time at which patients attended for their post-operative check 

appeared to vary between optometrists with some stating that patients come 

for a check at soon as one week after surgery, whereas others do not attend 

for 4-6 weeks following surgery. 

“After patient has been seen post-operatively and have had their 

vision checked.” 

“Once eye test done and VAs are checked - usually after 3/4 weeks.” 

 

Follow hospital eye service advice  

Some optometrists (21%) said they would give no driving advice to the 

patient as they felt it was the responsibility of the surgeon or hospital eye 
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service. A few mentioned that patients tend to already be driving by the time 

they see the patient for their post-operative check or for a new refraction. 

“The hospital/surgeon does this. I have never had a patient ask me 

personally unless their vision is poor post-operatively and they come 

in for advice (they usually ring the hospital themselves on the contact 

number they are given on post-operative literature if they are 

worried).” 

“This is often advised by the ophthalmologist and patients rarely 

contact us before they've booked a sight test where we check vision. I 

wouldn't advise they drive before they've had a VA check mainly to 

avoid potential litigation. IF the ophthalmologist has said they can 

drive then that's their responsibility.” 

“I leave that to the surgeon.” 

 

When patient feels confident/comfortable  

Ten percent of optometrists advised that once the patient felt confident or 

comfortable to drive they should do so.  They did not give specific advice 

regarding driving standards or level of vision. 

“Couple of days but leave the decision with them so they are 

responsible. If they don’t feel comfortable then they shouldn’t.”  

“Depends how confident the patient feels.” 

 “As soon as they are comfortable with new Rx.” 

 

The remaining ophthalmologists who gave the patient driving advice quoted 

the DVLA driving standards and said it was the responsibility of the patient to 
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assess if they meet the standards and feel comfortable to drive.  Some 

stated if they felt the patient may be unreliable or surgey was not routine they 

may ask them to wait until their level of vision is checked at their 

postoperative review.  

“Once they feel safe, undistracted and can read number plate at 20m. 

If I feel they are unreliable or they are not routine then I ask them to 

wait till post-op review.” 

“Once they can see a car plate clearly at 20m and perform emergency 

brake - if unsure to wait until post-op review.” 

 

5.3.2 Prescribing new spectacles  

Optometrists and ophthalmoligists were asked how soon they would 

prescribe new spectacles to a patient following cataract surgery and were 

asked to state their reasons why.  The current guidelines from the Royal 

College of Ophthalmologists recommends updating spectacles 4-6 weeks 

following surgery therefore responses were grouped into those who would 

prescribe sooner than 4 weeks, those who prescribe between 4-6 weeks, 

and those who would prescribe later than 6 weeks following surgery.  The 

median years of experience was also investigated in each group and is 

shown in table 5.1. Advice from optometrists ranged from 2 days to 12 weeks 

in comparison to  advice from ophthalmologists which ranged from 2 weeks  

to 8 weeks.  
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Table 5.1 The median years of experience of optometrists that prescribed sooner 
than the current guidelines, followed the current guidelines, or waited longer to 
prescribe than the current guidelines. 

 

For optometrists the number of years of experience was found to be higher 

(25 years) in those who would prescribe sooner than the current guidelines in 

comparison to those who follow the 4-6 week guidelines (18 years).  The 

distribution of number of years qualified was further investigated in these 2 

groups and is shown in Figure 5.3 and 5.4.  

 

Figure 5.3 Distribution of the number of years qualified in the group who would 
prescribe less than 4 weeks after surgery. Eighty-five percent of optometrists had 15 
years or more of experience (the distribution on the right hand side of the red line). 
 

 
N Optometrists - Median years of experience 

<4 weeks 39 25.0 

4-6 weeks 372 18.0 

>6 weeks 18 16.5 
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Figure 5.4 Distribution of the number of years qualifed in the group who would 
prescribe 4-6 weeks after surgery.Sixty percent of optometrists had 15 years or 
more of experience (the distribution on the right hand side of the red line). 
 

In the <4 week group 85% of optometrists had 15 years or more of 

experience in comparison to the 4-6 week group with 60% of optometrists 

having 15 years or more of experience.  An Fisher’s Exact test was used to 

determine if these two distributions were statistically significantly different 

from each other with a p value of 0.0027 found. 

The reasons for answers underwent inductive content analysis and three 

themes were found for both optometrists and ophthalmologists: 

recommended practice, hospital care complete including the completion of 

post-operative eye drops and discharge from the hospital, and patient needs.  

The proportions of each category are shown in Figure 5.5 and 5.6. 
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Figure 5.5 The percentage of the three themes found during inductive content 
analysis of the optometrists’ and ophthalmologists’ responses. 

 

Recommended practice  

This was the most common category, comprising 60% of optometrists’ 

responses and 74% of ophthalmologists’ responses. Practitioners based 

their prescribing advice on the current guidelines as they believe this is when 

refraction has stabilised and it is safe and appropriate for the patient to 

obtain new spectacles. Some of the optometrists explained that they work to 

this timescale on the basis of their previous experience of prescribing post-

surgery. Others noted that this is the protocol or guidance from their local 

hospital or ophthalmologist.  A few described how even at six weeks they 

warn patients that their prescription may change. Two ophthalmologists 

suggested they only advise the patient to attend 4-6 weeks following surgery 

as they are unsure when refractive stablity is achieved so prefer to follow 

their local protocol.  

74%

24%

2%

Ophthalmologists

60%

32%

8%

Optometrists
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In my experience this is the interval by which time the majority of 

refractions have settled after cataract surgery. – Optometrist 

“The eye is healed by then and it is part of the department’s follow-up 

protocol.” - Ophthalmologist 

 

Current guidance from the Royal College of Ophthalmologists advises 

updating spectacles 4-6 weeks following surgery. Some optometrists 

described how they are content to follow the guidance, although several 

explained that they sometimes prescribe sooner than this. A few noted that 

the hospital advises patients to make their appointment sooner and others 

that the current guidance may need reviewing with a shorter period between 

surgery and prescription. One ophthalmologist who advises patients to obtain 

spectacles 3 weeks following surgery bases this advice upon his own 

experience (30 years) rather than following local protocols. 

“Happy to do sooner but that is the time interval recommended by the 

local hospital.” - Optometrist 

“Current accepted norm - this may need reviewing.  This is the way it 

has always been done since joining the profession.” - Optometrist 

“I have always understood that 6 weeks is ideal; In the last 1-2yrs, I 

have had patients  booking appts in 3-4 weeks, saying their surgeon 

told them it was fine to do so, hence I now say 4-6 weeks.”                  

- Optometrist 

“Local NHS advice is 6 weeks but in uncomplicated surgery things 

appear quite stable 2-4 weeks after surgery.” - Optometrist 
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Hospital care complete 

This category, compromising of 32% of optometrists’ responses and 24% of 

ophthalmologists’ responses. Optometrists discuss being happy to prescribe 

spectacles once the patient has completed their hospital care and had been 

discharged.  They explained that this means that the eye has healed and 

there are no complications. Many noted that the ophthalmologist tells 

patients to come at a specific time (ranging from 3-6 weeks). Some noted 

that this corresponds with when they complete their post-surgery eye drops.  

Drops are used for 28 days and there may be complications. I would 

therefore wait till they have been discharged. - Optometrist 

 

After they are done with their Antibiotic drops and discharged from the 

hospital, they should be good to go. - Optometrist 

 

Many of the optometrists explained they would not be happy to prescribe 

until they had ensured that all post-operative complications had chance to 

fully heal. Optometrists who raised this as an issue gave a variety of answers 

of how soon they would prescribe following surgery ranging from 3-8 weeks. 

The main complications discussed among the answers were: cystoid 

macular oedema, corneal oedema, and inflammation. Ophthalmologists also 

suggested cystoid macula odema can occur up to 6 weeks following surgery 

therefore they would be reluctant for the patient to obtain a new refraction 

sooner than this.  Some also state lens position can shift during the first few 

weeks following surgery. One ophthalmologist suggested refraction is most 
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likely stable 1 week following surgery but other postoperative complications 

may still occur. 

“To allow for any macular oedema/corneal oedema or any other 

complications to be treated and resolved.” - Optometrist 

“This gives time for the IOL to settle down and any displacements can 

be seen which would have an effect on the prescription issued. At the 

same time, any post-operative complications can be picked up which 

could affect the final visual outcome and refraction such as corneal 

oedema.” - Optometrist 

“Refraction is probably stable after 1 week but some other post-op 

problems can still occur.”- Ophthalmologist  

 

Patient Needs  

The smallest category accounted for 8% of optometrists’ responses and 2% 

of ophthalmologists’ responses. Some optometrists highlighted that the 

decision of how soon to prescribe spectacles should depend upon the 

patient’s visual needs and lifestyle requirements. Several discussed the 

patient’s outcome and post-operative vision in general, whereas others 

discussed potentially prescribing spectacles sooner if the patients’ required 

correction for their daily tasks, while making the patient aware this was 

sooner than the guidelines set out by the Royal College of Ophthalmologists. 

One ophthalmologist discussed patients needs as the reason behind their 

prescribing advice, in particular that patients are keen to go back driving and 

therefore advises patients to attend for a new refraction 2 weeks following 
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surgery but suggested that optometrists are reluctant to prescribe sooner 

than the current guidelines of 4-6 weeks. 

“Sometimes due to the nature of their prescription, or the visual acuity 

in the second eye, the patient cannot cope with their existing 

spectacles. In this case I would see them for an appointment sooner. I 

would make sure they are informed that the lens may require 

changing in the future if the prescription alters and this would require 

further costs.” - Optometrist 

“Because patient quality of life is the only criteria to satisfy- and if they 

are kept informed and have a say in the process they will ALWAYS be 

satisfied with their care.” - Optometrist 

 

“Research shows that objective refraction is stable at two weeks but if 

someone is left myopic or unable to function due to a residual 

refractive error then I would refract.” – Optometrist 

“Optometry reluctance to prescribe earlier.” - Ophthalmologist 
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5.3.3 Patient C  

Optometrist responses for Patient C for both the 4-week and 6-month interim 

time period are shown in the Table 5.2. The case scenario was designed to 

investigate the refractive advice given for a short-term and long-term interim 

period between first and second eye surgery. 

Table 5.2 Survey responses of 437 optometrists for patient C. The advice provided 
if the period between first and second eye surgery was four weeks or six months. 

 
 
Four of the practice types (small multiple, hospital, domiciliary and university) 

were too small (<10%) of meaningful analysis.  We ran a multinomial 

regression to assess if any of the three variables, practice type, years of 

experience, or resident/locum were associated with the refractive advice 

chosen.  First a main effects model was used to assess the effect of each 

 4-weeks  6-months  

Response  N % N % 

Wear current bifocals and update 
spectacles following second eye 
surgery 
 

15 3% 3 1% 

Update right lens (surgical eye) in 
current spectacles 
 

73 17% 333 76% 

Remove right eye lens (surgical eye) 
from current spectacles 
 

167 38% 16 4% 

Patch right eye lens in current 
spectacles 
 

0 0% 0 0% 

Patch left eye lens in current spectacles 
 

0 0% 1 0% 

Use ready readers 150 34% 46 11% 

Wear no spectacles 16 4% 7 2% 

Other (please specify) 16 4% 31 7% 
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independent variable upon the answer chosen.  For both the 4-week interim 

time period and 6-month interim time period no statistically significant 

associations were found: 4-week interim period: years qualified p=0.44, 

practice type p=0.52 and resident/locum status p=0.81, 6-month interim 

period: years qualified p=0.17, practice type p=0.64, and resident/locum 

status p=0.30.  To investigate any interactions between the independent 

variables a full factorial model including the three variables was performed.  

An interaction was found between practice type and resident/locum status for 

both interim periods, however it was insignificant for both the 4-week interim 

period p=0.36 and the 6-month interim period p= 0.73.  

The percentages for each refractive advice option were compared between 

the 4-week and 6-month interim time period using chi-squared tests. The 

results are shown in Table 5.3. 
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Response  Chi -square  p 

Wear current bifocals and update spectacles 
following second eye surgery 

8.00 0.005 

Update right lens in current spectacles 166.50 <0.0001 

Remove right eye lens from current 
spectacles 

56.23 <0.0001 

Patch right eye lens in current spectacles N/A N/A 

Patch left eye lens in current spectacles N/A N/A 

Use ready readers 55.18 <0.0001 

Wear no spectacles 3.52 0.61 

Other (please specify) 4.79 0.03 

Table 5.3 Chi-squared tests were used to compare the refractive advice options 
given for the 4-week and 6-month interim time period. 

 

Ophthalmologists’ responses for the 4-week and 6-month interim time period 

are shown in Table 5.4. 
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 Patient C 4 -weeks Patient C 6 -months  

Response  N % N % 

Wear current bifocals and update 
spectacles following second eye 
surgery 
 

2 4% 1 2% 

Update right lens in current 
spectacles 
 

5 10% 31 62% 

Remove right eye lens from 
current spectacles 
 

17 34% 2 4% 

Patch right eye lens in current 
spectacles 
 

1 2% 0 0% 

Patch left eye lens in current 
spectacles 
 

0 0% 1 2% 

Use ready readers 18 36% 5 10% 

Wear no spectacles 2 4% 2 4% 

Other (please specify) 
 

5 10% 8 16% 

Table 5.4 Survey responses of 50 ophthalmologists for patient C. The advice 
provided if the time period between first eye and second eye surgery was four 
weeks or six months. 

 

Patient C – Qualitative analysis 

Optometrists 

Practitioners were also given free text questions to explain their responses. 

These were analysed using inductive content analysis and aimed to identify 

any common themes within the postoperative refractive advice given.  This is 

described in detail in chapter 4. The patient C case scenario was designed to 

investigate the advice Optometrists would give to a habitual bifocal wearer 

during the interim period between first and second eye surgery and if the 

advice given differs depending upon how long the interim period is.  Two 
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different time periods were assessed, a relatively short period of four weeks, 

and a longer period of six months (i.e., approximately 24 weeks). For both 

the 4-week and 6-month interim time period between first and second eye 

surgery four categories were found. 

 

4-week interim time period  6-month interim time period  

Temporary solution – level of vision is 
adequate for time period (69.3%) 

Long term solution – level of vision is 
inadequate for time period (72.5%) 

Cost (11.6%) Anisometropia (19.0%) 

Anisometropia (10.2%) Cost (4.3%) 
Patient choice (8.8%) Patient choice (4.3%) 

Table 5.5 The themes found during inductive content analysis of the optometrist’s 
responses for patient C for both the 4-week and 6-month interim time period. 

 

Time period  

4-week interim time period 

The most common theme found during the four-week interim time period 

compromising 70% of responses highlighted the post-operative refractive 

advice that respondents thought would give the patient an adequate level of 

vision for the short period time before second eye surgery. The case 

scenario included that the patient drove and liked to read so most of the 

responses commented on the importance of meeting these visual needs. 

Many noted that his post-operative vision reached the driving standards 

without any refractive correction, but he would require some form of 

refractive correction for reading and close work, even in the relatively short 

period before second eye surgery as reading was important to him.  Many 

optometrists discussed that any refractive advice given would be a temporary 
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solution and potentially involve a compromise but felt a 4-week interim time 

period was a short time period to cope. 

“Current unaided RE vision now excellent for driving but needs LE for 

reading - as only 4 weeks till LE surgery, this would be a short-term 

option. Patient may want to start again with complete new pair once 

LE done.” 

“4 weeks not too long , he now will have good dist vision from RE and 

sufficient reading vision from LE.” 

“This option gives him adequate VA for driving and allows him to read 

most book and newsprint, 4 weeks is not that long a time.” 

 

6-month interim time period 

In comparison to the 4-week interim time period where the majority of 

optometrists based their refractive advice upon what they felt would give the 

patient an adequate level of vision during the short time period the majority of 

optometrists (73%) felt that 6 months was too long for the patient to cope 

with suboptimum vision and binocularity, particularly as the patient was a 

driver.  Some expressed they were concerned that the cataract in the LE 

would get worse in the interim period so would want to provide refractive 

advice that would optimise vision in the operated RE. Some mentioned they 

would prefer to provide a new updated prescription as they were worried the 

patient may fall with compromised vision. 

“For a longer period of time between surgeries like this I think it is 

more acceptable to advise that patients change the lens in their 
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glasses to the most recent prescription-especially for comfort and 

convenience.” 

“Because the difference between old and new rx is great and the 

patient may fall in old rx.” 

“The spectacles would need to be updated if the patient is to continue 

reading for leisure and driving. A 6-month waiting period is too long to 

cope with.” 

 

Cost  

4-week interim time period 

Several Optometrists (12% of responses) expressed cost as the reasoning 

behind their advice. Any advice or spectacles prescribed would be a 

temporary solution for the interim period between first and second eye 

surgery. As this is a relatively short period of 4 weeks many optometrists 

thought the solution should be cheap and cost effective, with the patient 

waiting until after second eye surgery for a more permanent solution. Any 

new spectacles prescribed during the interim period will become obsolete 

following surgery of the second eye due to the refractive error of the eye 

changing following surgery. 

“Unethical to fleece poor patient for new spectacles at this stage plus 

may get away with ready readers when both eyes are done.” 

“There is no "good" option here until the 2nd eye is done. Better a no 

cost bad option. If they were keen, they could have a basic single 
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vision distance vision correction for the right eye and effectively a 

balance for the left eye, but probably not necessary.” 

“It is a waste of money (though I would give the option to the patient) 

to update to bifocals when waiting for the other eye to be done. He 

might not need bifocals after the second surgery, so I would 

recommend waiting before updating.” 

 

6-month interim time period 

A small number of optometrists in the 6-month interim time period (4%) 

based their refractive advice on the cost to the patient. In comparison to the 

4-week time period where optometrists wanted to provide a cheap and cost-

effective solution it was mentioned optometrists felt more comfortable 

advising more costly refractive options as the interim time period was longer 

and therefore more worthwhile and beneficial to the patient. 

“Worth patients’ money for 6 months of comfortable vision, whereas 

patient is unlikely to want to invest money for the sake of 4 weeks.” 

“The cost is more worthwhile.” 

 

Anisometropia  

4-week interim time period 

During the 4-week interim time period 10% of responses highlighted some 

optometrists were concerned about anisometropia complications in the 

interim time period as the patient was left with 2.50D of anisometropia 

following first eye surgery. Optometrists chose their advice based upon 
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minimising these complications, along with other potential problems with 

diplopia, differential prism, and non-tolerance issues with spectacles. 

“It depends on his dominance and possible anisometropia. He may be 

right eye dominant and feels ok to see for distance without his glasses 

or require a prescription for his left eye. He might cope with having the 

right eye lens removed etc. I always advise and say do what makes 

your eyes comfortable and give the options stated above. I stress to 

not drive unless meeting the legal standards with vision, field of view 

and no diplopia.” 

“Due to the anisometropia I think removing the lens would be the best 

option until the second eye surgery has been completed.” 

 

6-month interim time period 

More optometrists (19%) were concerned about the patient suffering from 

anisometropia complications during the 6-month time period. The patient 

would be left with 2.50D for 6 months before having surgery on their second 

eye. It was discussed that they wished to provide the patient with the most 

comfortable vision and advise the patient on adaptation and anisometropic 

symptoms.  Most recommended separate single vision spectacles, a balance 

lens or contact lens to avoid prismatic effect. A small number of optometrists 

(n=5) advised they would refer the patient back to the hospital eye service to 

be seen sooner for second eye surgery. 

“I’d be concerned about this anisometropia prescription in bifocals...so 

would discuss and possibly consider separate single vision pairs.” 
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“Px is likely to want to drive and read effectively while waiting for 

surgery. I would discuss possible anisometropic symptoms so px is 

aware of limitations.” 

“I would update glasses but if struggling with anisometropia I would 

stress the need to bring forward cataract surgery.” 

 

Patient’s choice  

Some optometrists did not recommend any specific refractive advice but felt 

patients should be included in the discussion about their refractive correction 

options, taking into consideration their personal preferences, visual needs, 

available budget, and then allowing the patient to make their own informed 

choice. Some noted it may be useful to demonstrate the different options to 

the patient to help them make a more educated choice. They highlighted the 

patient should be made aware their prescription is likely to change again 

following second eye surgery and this solution will only be temporary when 

taking into consideration the different options and cost implications of them. 

“I would discuss the benefits of each one and show the px what each 

would feel like. It then depends on what the px wants to do as to 

which option I would go for.” 

“No one size fits all option for this one. px would benefit from my help 

to make an informed decision. Cost of dispense likely lead to 

disappointment for px.” 

“Too many options. Needs a full discussion. Depends on how patient 

copes” 
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Ophthalmologists 

After ophthalmologists’ responses underwent content analysis 3 categories 

were found for the 4-week interim time period and 4 categories were found 

for the 6-month interim time period. 

Table 5.6 The themes found during inductive content analysis of the 
ophthalmologist’s responses for patient C for both the 4-week and 6-month interim 
time period. 

 
Temporary/Long term solution 

For the 4-week interim period between first eye and second eye surgery 

most ophthalmologists (70%) would provide a temporary solution, and felt 

that the patient would be able to cope for a brief period without optimum 

refractive correction. Most of these ophthalmologists advised to wear current 

spectacles or remove surgical eye lens from current spectacles and/or use 

ready readers. 

“Less than 3 dioptre difference, can cope with anisometropia for a 

brief period.” 

“Having surgery soon so no real need to change glasses if managing 

well.” 

 

4-week interim time period  6-month interim time period  

Temporary solution (70%) Long term solution (72%) 

Patient choice (18%) Patient choice (12%) 

Cost (12%) Expedite 2nd eye surgery (10%) 

 Cost (6%) 
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For the 6-month interim period between first and second eye surgery the 

majority of ophthalmologists (72%) preferred to offer a more long term 

refractive solution as they felt 6 months was too long to have a level or 

suboptimum vision and not gain the full benefit of their first eye surgery.  

Some felt optometrist were better qualified and in a better position to address 

refractive issues in the interim time period. 

“They’ll need a more lasting solution that works for them during this 

longer wait. However they might get significant aniseikonia with 

glasses so contact lens in the left eye plus readers could be an option 

if they can tolerate it.” 

 “6 months a long time. Might as well get clear vision in RE.” 

 

Patient Choice  

Patient choice was the second largest category found for both the 4-week 

(18%) and 6-month (12%) interim time period. Ophthalmologists in this 

category advised explaining the different options that are available to the 

patient, trialing different options if possible and then allowing the patient to 

make an informed choice of what they think would be best for their lifestyle 

and visual needs. 

“Patient should try a number of options and choose. I would also warn 

them of transient issues with depth perception whilst 

monocular/anisometropic.” – 4 week time period 

“Again, I would give the patient a range of options, but would warn he 

may have symptomatic anisometropia”. – 6 month time period 
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Cost  

For both time periods cost was found to be a category.  For the shorter 4-

week time period ophthalmologists falling into this category felt that as any 

solution would only be temporary it should be low cost for the patient.  For 

the longer time period of 6 months it was felt that any cost to the patient was 

more justified. 

“Cost is justified given waiting times.” – 6 month time period 

 

Expedite second eye surgery  

For the 6 month interim time period a fourth category was found which was 

to expedite second eye surgery.  Some ophthalmologists (10%) felt that six 

months was too long for the patient to wait with significant anisometropia. 

“If significant anisometropia I wouldn’t delay 6 months.” 

“Consider sooner access cataract surgery, eg private access if 

feasible prescribing new spectacles.” 

“No patient with access to first world health care would wish to wait for 

6 months with one eye with a SEQ of -0.50D and the other eye 

hypermetropic and an unaided acuity of 6/30-2. If just does not 

happen in the real world unless they had a severe co-morbidity/family 

crisis, etc. This situation would happen so rarely the question is not 

relevant to main stream practice”. 

 

The waiting time for cataract surgery were shown to increase by 35% from 

2019-2020, followed by a further 36% increase in waiting time from 2020-

2021. The Covid-19 pandemic has lengthened waiting times with the 
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average patient waiting 9 months for surgery, however NHS data showed 

this varied massively among different hospitals ranging from the shortest at 

10 weeks, and the longest 94 weeks (NHS 2020/2021), 

 

5.3.4 Patient D  

Optometrists response rates for patient D are shown in the Table 5.7. 

Ophthalmologists were not presented with this patient case scenario as they 

are not usually involved in the refractive management of patients in the 

interim period. 

Response  N % 

New varifocals 
 

251 57% 

New bifocals  
 

12 3% 

New SVD and SVN 94 22% 

Other (please specify) 80 18% 
Table 5.7 Survey responses of 437 optometrists for patient D. 

 

A multinomial logistic regression was used to assess if there was any 

association between the refractive advice given and years qualified, practice 

type (independent and large multiple) and resident/locum practitioner status.  

First a main effects model was used to assess the effect of each 

independent variable upon the answer chosen. Both practice type (p=0.97) 

and resident/locum status (p=0.52) were not statistically significant. A 

statistically significant association was found with number of years qualified 

(p=0.025) and the refractive advice given. To investigate any interactions 

between the independent variables a full factorial model including the three 

variables was performed.  An interaction was found between practice type 
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and resident/locum status; however, it was not significant p=0.37. Further 

analysis was conducted to compare years qualified in the four groups. 

Table 5.8 Median years qualified for each refractive option. 

 
There was a significant difference found (Kruskal Wall Test H3 =13.05 , 

p=0.005). Mann-Whitney U tests were used to locate the group differences. 

A Bonferroni correction of p<0.008 (6 comparisons) was used. A significant 

difference was found between new varifocals and other at p=0.004, and new 

SVD and SVN and other at p=0.002. 

 

Qualitative analysis 

Patient D was designed to investigate what refractive advice optometrists 

would give to a patient left with anisometropia following first eye surgery 

when the cataract in the fellow eye was not yet advanced enough to meet 

the referral criteria. Pre-operatively the patient wore varifocals, however post-

operatively they were left with 3.50D of anisometropia. After indicating the 

type of refractive correction, the reasoning for their answer underwent 

content analysis. Two categories were found: 

�x Anisometropic complications 

�x Habitual correction 

The proportion of the categories are shown in figure 5.7. 

 n Median (IQR) years 

qualified  

New varifocals  251 17 (9.5-27.5) 

New bifocals  12 11 (6-25) 

New SVD and SVN  94 16 (5-29) 

Other (please specify)  80 22.5 (15-32) 
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Figure 5.6 The percentage of the two themes found during inductive content 
analysis of Patient D. 

 

Anisometropic complications  

This was the largest category and made up 83% of responses.  This group of 

optometrists highlighted that due to the patients being left with a 3.50D of 

anisometropia, anisometropic complications may occur, particularly if the 

patient used varifocals for their refractive correction as they did before 

surgery as this would induce differential prism.  Some advised they would 

still be happy for the patient to try continuing to use varifocals following 

surgery but make the patient aware they may struggle with adaptation and to 

return if problems persist.  Some optometrists felt attempting to prescribe 

varifocals would be unsuccessful and unsafe for the patient and would rather 

offer an alternative such as 2 separate pairs or contact lenses.  Others stated 

that they would refer the patient for 2nd eye surgery despite mild opacity as 

they felt this was a poor outcome for the patient and they would struggle to 

manage with the anisometropia that the surgery has induced. 

82.75%

16.25%

Anisometropic complications

Habitual correction
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“Seperate pairs to help with adaptation to anisometropia. Px would 

find this difficult to adapt to in multifocals. Px could also try contact 

lenses.” 

“Refer back to the ophthalmologist to consider 2nd eye surgery, due 

to significant induced anisometropia” 

“Try new varifocals, but discuss possible/probable failure so may need 

to swap to single vision.” 

 

Habitual correction  

Sixteen percent of optometrists would recommend the patient to continue 

with varifocals post-operatively as this was their habitual correction and the 

patient stated that they liked the convenience of them.  Worringly these 

optometrists did not raise any concerns regarding the patients’ induced 

anisometropia or risk of adaptation issues. 

“As the px is used to these and likes them. Changing them to 

something less convenient may encourage a non-tol.” 

“Px likes conveniences of varifocals, so is unlikely to be happy at 

moving away from that” 

 

As a statically significant association was found between the refractive 

advice given and years qualified further analysis was conducted to compare 

the diffence in years qualified between those optometrists who would 

prescribe varifocals without any adaptation advice in comparison to those 
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optometrists who would give adaptation advice or prescribe an alternative 

solution. Optometrists who offered advice regarding anisometropia and 

adaptation were found to have more years of experience (median 19 years 

years qualified, IQR 10-30 years) in comparison to those who offered no 

advice (median 14 years qualified, IQR 6.6-23.8 years). A statistically 

significant difference was found between the 2 groups (U=15026, Z=-2.963, 

p=0.003.  

5.4 Discussion  

The postoperative refractive management of patients following cataract 

surgery is important. Patients require advice on when it is safe for them to 

begin driving, when it is appropriate for them to obtain a new spectacle 

prescription, and also potential issues with adaptation if they undergo a 

change in refractive error.   

Many patients are motivated to undergo cataract surgery as they are 

concerned about their vision meeting the driving standards, therefore 

receiving information about when it would be safe to begin drive post-

operatively is important. Post-operative driving advice given to patients has 

been shown to be inconsistent (Webber et al. 2020). Some patients have 

reported receiving no information regarding driving advice, while others 

recalled receiving a variety of different advice from waiting a few days to 

several weeks. Patients reporting inconsistent advice matches up with our 

findings when optometrists and ophthalmologists were asked what driving 

advice they would give to a patient. The data showed very high variability 

within the two professions. Results were found to range (Figure 5.1) from 

“immediately”, so the same day as surgery (N=10/222, 5%) or the day after 
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(the mode, n=41/222, 19%) with a median value of 7 days (IQR 2 - 14). 

However,  80/222 (36%) suggested 2 weeks or more and 45/222 (20%) 

suggested 4 weeks or more. For ophthalmologists 27 out of the 50 

ophthalmologists advised to wait a specific period of time before driving 

(Figure 5.2). The answers ranged from advising the patient that they can 

drive from 1 day (3/27, 11%) following surgery to 6 weeks post-operatively 

(1/27, 4%). The most common period of time advised by ophthalmologists 

(the mode) was 1 week following surgery (n=9/27, 33%), with the same 

median value of 7 days (IQR 3-14). However, 8/27 (30%) suggested 2 weeks 

or more, although only 2/27 (7%) suggested 4 weeks or more.  

Despite some practitioners giving a recommended time period both 

optometrists and ophthalmologists agreed it was the responsibilty of the 

patient to check that they meet the driving standards and should only drive 

once they feel confident, with some clinicians providing more indepth advice 

regarding anisometropic symptoms. Some optometrists were happy to check 

a patients level of vision if they were unsure if they met the driving standards, 

while others felt driving advice was the responsibility of the ophthalmologist. 

Patients have been shown to believe they would just know if their vision was 

not adequate to meet the driving standards (Fylan et al. 2018; Webber et al. 

2020). However older drivers have been shown to lack insight into their own 

driving ability (Wood et al. 2013). A study investigating why patients drive 

when they cannot see clearly highlighted patients typically did not know the 

driving standards and grossly underestimate the level of vision required to 

meet the requirements (Fylan et al. 2018). These findings in combination 

with highly inconsistent recommendations from eye care professionals 
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strongly suggest that some evidence-based guidelines are required to help 

patient decision making and driving safety.   

Current advice from the Royal College of Ophthalmologists recommends 

patients obtain a new spectacle prescrition 4-6 weeks following cataract 

surgery, however several studies have shown that refraction is stable sooner 

than this concluding spectacles could be safely prescribed at etiher 1 week 

(Edwards et al. 1997; de Juan et al. 2013) or 2 weeks (Caglar et al. 2017) 

following surgery.  Re-analysis of the data from (de Juan et al. 2013) during 

our systematic review and meta-analysis showed refraction was stable 1 

week following surgery for 93% of patients (301 eyes) (Chapter 2 ) 

(Charlesworth et al. 2020).  Most optometrists and ophthalmologists 

participating in our survey were found to advise a new refraction in line with 

the current guidelines. Nine percent (n=39) of optometrists and 4% (n=2) of 

ophthalmologists were willing to prescribe sooner than the current guidelines. 

This was based on their own experience of refraction stabilising sooner than 

four weeks, and patient needs e.g. the patient needed spectacles to meet the 

DVLA driving standards. Optometrists willing to prescribe sooner were found 

to have more years of experience (median 25 years) compared to those who 

strictly followed the guidelines (median 18 years). Some optometrists stated 

they did not know when refraction stability is achieved and therefore follow 

advice from the ophthalmologist. Two ophthalmologists suggested they 

recommend a refraction 4 weeks postoperatively out of “habit” and they were 

unsure when refractive stability was achieved. One reason for optometrists 

wanting to wait for 4-6 weeks before prescribing was due to patients using 

steroid drops for the first 3-4 weeks post-operatively. The steroids are 
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prescribed as a prophylaxis to control for the surgically induced inflammatory 

response (Erichsen et al. 2021). However, corneal oedema and inflammation 

of the anterior chamber may still occur. No research has been reported 

regarding whether steroid eye drops affect refractive error. Corneal swelling 

has been shown to decrease over the 4-week postoperative period, but the 

changes were not significant after 2 weeks and had no effect on refractive 

stability (de Juan et al. 2013; Caglar et al. 2017; McNamara et al. 2019). 

Patients waiting 4-6 weeks before obtaining a new spectacle prescription can 

become problematic as patients adapt to their interim solution and 

consequently have difficulties re-adapting to new spectacles (Supuk et al. 

2016). Providing spectacles 1-2 weeks following surgery would provide 

easier adaptation, along with benefiting any patients who opt for a myopic 

target refraction, have residual astigmatism, or prefer the convenience of 

multifocals. 

The interim period between first eye and second eye surgery has been 

shown to be particularly problematic for patients as their habitual spectacles 

are unsuitable over this period. Patients have been shown to adopt a variety 

of techniques to solve this problem including; continuing to wear current 

spectacles despite vision being blurred in the operated eye, removing a lens, 

patching a lens, wearing no spectacles or using ready readers (Webber et al. 

2020). It was suggested that these solutions were not suggested by their 

eyecare professionals and therefore we investigated what eyecare 

professionals do advise in this interim time period. We found both 

optometrists and ophthalmologists offer a range of different advice and this 

appeared to change depending upon the interim time period before first eye 
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and second eye surgery.  For the 4-week interim time period the most 

common advice given to the patient was to remove the right eye lens 

(surgical eye) from their spectacles (38% of optometrists, 34% of 

ophthalmologists) and to use ready reading spectacles (34% of optometrists, 

36% of ophthalmologists). Qualitative analysis showed these were viewed as 

an appropiate cost effective solution that would temporarily give the patient 

an adequate level of vision until they had second eye surgery.  For the longer 

6-month interim time period, the majority of optometrists and 

ophthalmologists advised to update the right eye lens (surgical eye) in the 

current spectacles. Practitioners felt they should offer a more long-term 

solution as they felt 6-months was too long for the patient to cope with 

suboptimum vision. Many were worried about anisometropic complications 

during the 6-month interim time period.  A small number of optometrists (n=5) 

and 10% of ophthalmologists advised they would refer or perform second 

eye surgery sooner for the patient as they felt this was a poor outcome that 

the patient should not have to cope with for a substantial amount of time. 

Many patients are left with anisometropia following surgery, which can 

become particularly problematic if the patient has a mild opacity in the fellow 

eye which does not meet requirements for surgery. Patient D was designed 

to investigate the refractive advice optometrists would give in this situation. 

The patient was a habitual varifocal wearer left with 3.50D of induced 

anisometropia following surgery. While 83% of optometrists raised concerns 

of adaptation issues and potential non-tolerance to varifocals due to 

differential vertical prism, 16% of optometrists were happy to prescribe 

varifocals with no further advice.  Optometrists who offered advice regarding 
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anisometropia and adaptation were found to have more years of experience 

(median 19 years years qualified, IQR 10-30 years) in comparison it those 

who offered no advice ( median 14 years qualified, IQR 6.6-23.8 years). 

Limitations 

Analysis of the ophthalmology data was limited by the number of responses.  

Explanations for the low response rate are discussed in detail in chapter 4. 

Despite our best attempts the response rate was lower than our calculated 

sample size. Although the results should be interpreted with caution the data 

are valuable in helping to demonstrate the postoperative refractive advice 

patients receive is not consistent and varies substantially from practitioner to 

practitioner. As both the optometrist and ophthalmologist respondents were 

self-selecting these practitioners may have have an interest in post-operative 

advice which may have potentially influenced the results and introduced bias. 

5.5 Conclusions  

All drivers need to receive advice regarding when it is safe to commence 

driving following surgery. The advice needs to be consistent across both 

professions to avoid confusing the patient. Further work is needed between 

optometry and ophthalmology to standardise this advice for patients. Patients 

need to be made aware of the DVLA driving standards and understand it is 

their responsibility to ensure that they meet these driving standards, although 

if they are unsure they should have their visual acuity checked by their 

optometrist or ophthalmologist.  

Patients are currently advised to wait 4-6 weeks following surgery before 

obtaining new spectacles. In reality, after first eye surgery many patients will 
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wait until after second eye surgery before updating their spectacles.  One 

study showed that only 22% of patients obtained new spectacles in the 

interim time period (Fraser et al. 2013). This can lead to adaptation 

difficulties when the patient does eventually receive new spectacles (Supuk 

et al. 2016). As research suggests it is safe to prescribe spectacles as early 

as one week for the vast majority of patients (Charlesworth et al. 

2020)(Chapter 3) this would provide easier adaptation, with some more 

experienced clinicans already doing this in practice. In the future immediate 

sequential bilateral cataract surgery would eliminate many of the adaptation 

problems in this interim period, and lead to considerable savings in 

healthcare releated costs (Leivo et al. 2011).  

Opinions differed on the best refractive approach in the interim time period 

between first eye and second eye surgery with a wide array of coping 

strategies advised. Both optometrists and ophthalmoligists offered similar 

advice opting for a cost effective temporary solution for the 4-week interim 

time period such as removing the surgical lens or using ready readers, in 

comparison to the majority advising to update the surgical eye lens in their 

current spectacles for the 6-month interim time period. Further research is 

needed to help guide clinicians on the best strategy for this interim time 

period. 

The development of postoperative refractive management guidelines 

between both optometrists and ophthalmologists will help clinicians to 

appropriately advise their patients regarding driving postoperatively, how 

soon spectacles can be safely prescribed, and providing appropriate 
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refractive solutions in the interim period between first and second eye 

surgery and this is the focus of the next study. 

As well as the development of guidelines for professionals, the development 

of education material for patients would be beneficial. Patients have poor 

retention of the information they are told and it has been previously reported 

that only 29% of patients had adequate understanding of information 

provided and associated risks during the process of informed consent 

(Falagas et al. 2009). The development of patient information leaflets using 

the techniques described by (Fylan and Grunfeld 2002) may help with patient 

understanding by ensuring patients are provided with jargon-free information 

which is written concisely and clearly presented.  
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Chapter 6: Developing refractive management guidelines 
for patients undergoing cataract surgery: A Delphi Study. 

The study has been published in Ophthalmic and Physiological Optics as: 

Charlesworth E, Ursell P, Ho KC, Keay L, and Elliott DB. Developing 

refractive management recommendations for patients undergoing cataract 

surgery: A Delphi study. Ophthalmic Physiol Opt  2023;43:150–159.  

http://doi.org/10.1111/opo.13069 

(Appendix D3) 

 

6.1 Introduction 

As discussed in previous chapters currently no refractive management 

guidelines exist for patients undergoing cataract surgery. Results obtained 

from the clinical vignette surgery studies (chapters 4 and 5) suggested that 

inexperienced eye care professionals would benefit from guidance in their 

clinical decisions.  Three areas of patient care were found to be of particular 

interest: target refraction discussions, the refractive management of patients 

in the interim period between first and second eye surgery and driving advice 

following surgery. 

The aim of this study was to develop refractive management guidelines 

following NHS monofocal cataract surgery that have a broad agreement 

between optometry and ophthalmology. To develop guidelines we adopted a 

Delphi consensus technique. This is a well-known method used to address 

issues in health for developing consensual guidance on best practice, as well 

as studying the feasibility of implementing recommendations (Boulkedid et al. 

2011; Sahal et al. 2011).  A panel of experts, in our case optometrists and 

ophthalmologists received a series of recommendations in a questionnaire 

format that could be adapted depending on the feedback received in a series 

http://doi.org/10.1111/opo.13069
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of ‘rounds’ until group consensus was achieved (Boulkedid et al. 2011). This 

technique is useful when investigating a topic when there is uncertainty in the 

topic. One advantage of this technique is that the experts are anonymous 

therefore avoiding any of the experts from dominating the consensus 

process (Jairath and Weinstein 1994). Experts receive controlled feedback 

with a summary of results from the previous rounds, and statistical group 

response (Dalkey 1969). The aim of this study was to use the Delphi 

technique to investigate the importance and feasibility of recommendations 

on pre- and post-operative refractive advice for patients undergoing cataract 

surgery.   

6.2 Methods  

A list of 18 recommendations (Table 6.1) were drafted based upon published 

guidelines for optometrists to help prevent falls in older patients, in particular 

the section regarding prescribing to patients following cataract surgery (Elliott 

et al. 2019), and the results found during the clinical vignette studies in 

chapters 4 and 5.  The initial list of recommendations were developed by two 

optometrists (EC and DBE 4 - 31 years of experience)  and one highly 

experienced cataract surgeon (PU, president-elect of UKISCRS, the United 

Kingdom and Ireland Society of Cataract and Refractive Surgeons) and 

modified with the input from LK (highly experienced Australian optometrist, 

public health epidemiologist and researcher) and KCH (Australian 

optometrist and researcher in cataract service provision) . As there are no 

Delphi sample size standards, sample size is often made by the researcher 

depending upon the situation, criterion, and convenience (Hasson et al. 

2000; Akins et al. 2005). There is no agreement on the panel size for Delphi 
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studies to ensure stability of results (Williams and Webb 1994). A study 

investigating the stability of results from a Delphi study found 23 experts from 

a defined field of study yields stable results and can be used with confidence 

(Akins et al. 2005). A systematic review investigating the Delphi method 

found the median number of individuals invited to participate was 17 across 

76 studies (Boulkedid et al. 2011).  We had previously conducted a Delphi 

study investigating the feasibility of implementing recommendations to 

reduce fall risk in older people where 12 optometrists were recruited for the 

panel (Ho et al. 2022). Based upon these studies we included a panel of 11 

optometrists and 11 ophthalmologists to allow for both professions to have 

equal representation and allow for any participation drop out. As years of 

experience was found to be associated with target refraction discussions 

(chapter 4) and prescribing advice (Howell-Duffy et al. 2011)(chapter 5) we 

only recruited optometrists and ophthalmologists with at least ten years of 

experience. To ensure the generalisability and expertise of the panellists we 

recruited from a variety of practice settings. Optometrists were selected from 

multiple practice, independent practice, hospital practice and University 

teaching experience, all with many years of experience of refractive 

management of patients with cataract. Some of the optometrists have served 

on Local Optical Committees and have helped develop shared care schemes 

including direct cataract referral schemes. Ophthalmologists were all 

experienced surgeons with some conducting either mainly NHS or private 

surgery, or a mixture of the two.  

The recommendations were split into four categories: organisation (1 item); 

target refraction (6 items); refractive management of patients (8 items); and 
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driving advice following surgery (3 items). The study received ethical 

approval granted by the Chair of the Biomedical, Natural, Physical and 

Healthy Sciences Research Ethics Panel at the University of Bradford on 

08/04/2020 (EC26122) (Appendix A2).   

The questionnaire was shared online using Google forms.  First the survey 

was piloted with five optometrists and one ophthalmologist. The pilot was 

used to test the format and to check understanding and led to some minor 

rewording of the survey. The pilot included both a 5-point and 9-point scale 

with participants asked to state their scale preference. Nine-point scales are 

the most frequently used in Delphi studies (Fitch et al. 2001; Boulkedid et al. 

2011) followed by 5-point scales which are also well established (Boulkedid 

et al. 2011). In an interdisciplinary context it is not a priori clear which scale 

to choose for the purpose of the study (Lange et al. 2020). It is argued that 

more points on the scale can reduce skewness and increase sensitivity, 

however other studies claim there is no gain in information when more than 5 

categories are used as respondents usually avoid the extremes of the scale 

(Revilla et al. 2014). When asked during the pilot study all six participants  

preferred the 5-point scale as it was deemed more user friendly and was 

therefore used for the subsequent rounds. The 22 panellists were asked to 

rate each recommendation for feasibility and importance on the 5-point scale 

(strongly disagree, disagree, neutral, agree, strongly agree) and to add 

comments to provide a rationale for their score, and to suggest any 

amendments to the recommendation. Panellists were also asked if they 

already carried out each recommendation in practice. The level of evidence 

supporting each recommendation was given in the brackets following each 
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recommendation level (Level 1 = systematic reviews, Level 2 = Randomised 

controlled trial, Level 3 = observational study, Level 4 = case studies or 

expert opinion) (Appendix B3). Two team members EC and DBE collated the 

feedback from each round, and each team member (EC, DBE, PU, KCH, LK) 

revised the recommendations based upon the feedback from panellists. In 

the second round panellists received the amended list of recommendations, 

anonymised panellists comments from round 1 along with their own scores 

and comments from round 1. Recommendations which received consensus 

(definition of consensus below) in round 1 were slightly reworded based on 

comments to determine whether they could be further improved. Those that 

did not receive consensus were completely revised or removed. 

Amendments were highlighted to allow for easy comparison for the panellists 

(Appendix B4).  

The results from round 2 were then analysed and it was determined whether 

a third Delphi round was required or whether sufficient consensus of the 

recommendations was obtained after two rounds.   

6.2.1 Definition of consensus  

Consensus was defined based on a predetermined agreement percentage 

(Nair et al. 2011; Diamond et al. 2014; Foth et al. 2016). The following 

criteria were employed (Ho et al. 2022): 

1. �&�R�Q�V�H�Q�V�X�V���I�R�U���D���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q���Z�D�V���U�H�D�F�K�H�G���L�I�����D�����•�����������R�I���W�K�H���S�D�Q�H�O��

(18/22 members) ‘moderately agreed’ and/or ‘strongly agreed’ for both 

importance and feasibility, or (b) If consensus was reached for only one 

of the criteria (i.e. importance or feasibility), the other criterion could still 

�U�H�D�F�K���F�R�Q�V�H�Q�V�X�V���L�I���”�����������R�I���W�K�H���S�D�Q�H�O���µ�V�W�U�R�Q�J�O�\���G�L�V�D�J�U�H�H�G�¶���D�Q�G/or 
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‘moderately disagreed’. For example, if consensus was reached for 

�L�P�S�R�U�W�D�Q�F�H���R�I���D���U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�����•�������������E�X�W���R�Q�O�\���������������������������D�J�U�H�H�G��

with its feasibility, this is below the 80% threshold and we would 

consider how many ‘strongly disagreed’ and ‘moderately disagreed’ with 

its feasibility. If 4/22 (18%) reported being neutral  and 2/22 (9%) 

disagreed, then consensus was reached. However, if 16/22 (73%) 

agreed with a recommendation’s feasibility, 2/22 (9%) reported being 

neutral and 4/22 (18%) disagreed, then consensus was not reached. 

2. Recommendations without consensus in round 1 were either removed 

or reworded and re-presented in round 2. 

6.3 Results  

A total of 22 panellists, 11 optometrists and 11 ophthalmologists took part in 

the study. The optometrist panel consisted of 45% male, 55% female, mean 

years qualified 25 years (SD 10 years). Three of the optometrists were 

qualified as dispensing opticians prior to becoming optometrists. Six (55%) 

worked in independent practices, three (27%) worked in large multiple 

practices, and two (18%) in the hospital eye service. In addition, two worked 

part-time in University teaching and two have worked for local optical 

committees in developing shared care schemes including cataract referral. 

The ophthalmologist panel consisted of 82% male, 18% female, mean years 

qualified 17 years (SD 8 years). All ophthalmologists worked in both the NHS 

and private practice. Both optometrists and ophthalmologists were asked 

what percentage of their cataract patients were referred directly to the 

hospital eye service. Answers varied from unknown to 100%, 16/22 

panellists gave a percentage, median 75% (10-90% interquartile range). All 
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panellists were asked if they believed optometrists should play a role in the 

provision of information regarding target refraction and post-operative 

refractive management of patients with cataract. All panellists replied 

positively with the exception of one ophthalmologist. Twenty panellists took 

part in round 2 as two ophthalmologists did not respond during the second 

round. The Delphi process consisted of two rounds and fifteen 

recommendations were finalised (Figure 6.1). 

Figure 6.1 Flowchart of the survey questionnaire design and Delphi process. 
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Pilot round of the 
Delphi process 

18 recommendations and 5-point Likert-scaled round 1 Delphi questionnaires developed   

Identified potential panellists based on defined criteria 

Round 1: 22 experienced clinicians commented and rated each recommendation for 
feasibility and importance on 5-point Likert scales 

Round 1 lead to 4 recommendations removed and 3 new recommendations added. 
Round 2 Delphi questionnaires prepared (N=17), plus summaries of round 1 scores 

and comments 

Round 2: 20 experienced clinicians commented and rated 17 revised 
recommendations for importance and feasibility on 5-point Likert scales 

Total recommendations with consensus (N=15) 

Appropriate research 
evidence from the 

literature, including NICE 
and UK Ophthalmology 

guidelines 

Clinical expertise 
from optometry and 

ophthalmology 

Round 2 lead to 3 recommendations removed and 1 recommendation from round 1 
being re-inserted.  
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6.3.1 Round 1 results  

Round 1 consisted of 18 recommendations (Table 6.1), of which 14 (78%) 

reached consensus in the first round. None were rated as unimportant or 

unfeasible. The four recommendations that did not reach consensus were:  

(1) 2.5. Patients due to receive large reductions in refractive error 

should be counselled about magnification changes  (Elliott and Chapman 

2010; Supuk et al. 2016). Feedback suggested that this recommendation 

should also include counselling for anisometropic symptoms between first 

eye and second eye surgery and specify the size of a large reduction. A 

large reduction was specified as 2.00D in the second round.  

(2) 3.1. Patients with significant ametropia should be offered 

simultaneous bilateral cataract surgery to avoid anisometropia after 1 st 

eye surgery and not obtaining a refractive correction until after 2 nd eye 

surgery (Meuleners et al. 2014). Ophthalmologists highlighted, “significant 

ametropia means significantly short or long eye, which has a high chance of 

being a contraindication for ISBCS” (Ophthalmologist – panellist 2). A level of 

ametropia of 2.00D-6.00D was added for the next round. There were also 

concerns around feasibility within the NHS due to meeting CCG criteria and 

waiting list rules with only 2-10% of surgeries performed bilaterally. It 

appears this is more common in private practice with one ophthalmologist 

stating 80% were carried out bilaterally in his private practice.  

(3) 3.3. What time interval between 1 st eye – 2nd eye surgery would you 

consider it NOT appropriate to recommend a new spectacle lens for the 

operated eye.  Responses varied from 2 weeks to 4 months: 

2 weeks: n=3 
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1 month: n=10 

2 months: n=6 

4 months: n=2 

N/A: n=1.  

As one month was the most popular response this was put forward as a 

recommendation in the second round.  

(4) 3.8. Patients with 0.25DC or 0.50DC oblique astigmatism post -

operative ly should be counselled that not including this correction 

would have minimal effect on vision but significantly aid adaptation to 

new glasses (Guyton 1977; Elliott 2014b; Supuk et al. 2016). Based upon 

feedback and comments this recommendation was not revised and was 

instead removed. This is discussed further below in the recommendations 

removed section.  

The four recommendations that did not reach consensus also received low 

percentages (with the exception of 3.3) (Table 6.1) when asked if they 

already used the recommendation in practice, indicating that few 

optometrists and ophthalmologists currently used the recommendation.  

Fishers’ Exact tests were used to compare the percentage of optometrists 

who already used the recommendation in practice in comparison to the 

percentage of ophthalmologists who already used the recommendation in 

practice. Statistically significant differences were found for three of the 

recommendations. These were “2.3. Myopic patients used to reading without 

glasses should be made aware of the option of a myopic target refraction” 

(60% optometrists vs 100% ophthalmologists p=0.035), “2.6. Patients should 

be provided with both verbal and written advice about their target refraction 
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prior to surgery.” (18% optometrists vs 91% ophthalmologists p=0.002), “4.3. 

Patients should be provided with both verbal and written driving advice 

following surgery (18% optometrists vs 73% ophthalmologists p=0.03)”.  

Removed recommendations 

Three of the recommendations in round 1 were removed (Table 1: 3.5; 3.6; 

3.8) and one question was removed (Table 1: 3.2). Panellists were asked at 

what level of anisometropia they would consider recommending immediate 

sequential bilateral cataract surgery (ISBCS). Forty five percent of 

optometrists would leave this to the ophthalmologist, with the rest of the 

advice ranging from 2.00D to 4.00D (2.00D; 27%, 3.00D; 18%, 4.00D; 9%). 

Ophthalmologists’ advice also ranged from 2.00D to 4.00D (2.00D; 38%, 

3.00D; 50%, 4.00D; 12%). Some stated this was not usually a deciding factor 

or indication for ISBCS and it may not be feasible on the NHS due to waiting 

list rules. It was also highlighted that high refractive error is a potential 

contraindication of ISBCS.  These findings were incorporated into a revised 

round 2 recommendation: 

“3.1. If there are no contra-indications, patients with ametropia between 

approximately 2.00 to 6.00D could be offered immediate sequential bilateral 

cataract surgery (ISBCS) to avoid anisometropia after 1st eye surgery and 

not obtaining a refractive correction until after 2nd eye surgery” and round 1, 

3.2 was removed from the next round.  

The recommendations 3.5 and 3.6 recommended different refractive options 

in the interim period between first eye and second eye surgery, these 

included a new lens for the operated eye and using ready readers. Although 

both of these recommendations reached consensus in round 1 panellists felt 
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multiple recommendations in the interim period are not needed as each case 

should be individually assessed. In round 2 interim refractive advice was 

condensed into one recommendation. This is discussed in further detail in 

the follow up question section. The final recommendation in round 1 that was 

removed was “3.8. Patients with 0.25DC or 0.50DC oblique astigmatism 

post-operatively should be counselled that not including this correction would 

have minimal effect on vision but significantly aid adaptation to new glasses” 

(Guyton 1977; Elliott 2014b; Supuk et al. 2016). While the literature supports 

this recommendation the uptake in practice was found to be very low (18% 

optometrists, 10% ophthalmologists). Importance and feasibility were also 

found to be low at 33% and 43% respectively. Ophthalmologists felt this was 

for optometrists to discuss. Some optometrists stated they preferred to 

consider this on a case-by-case basis and prescribe the full prescription with 

appropriate adaptation advice given. As post-operative adaptation advice 

should be routine practice, it was felt this recommendation was not needed 

and was therefore removed.   

Added recommendations 

Three new recommendations were added for round 2 (Table 6.2: 2.5; 3.2; 

4.4) based on panellists’ comments in round 1:  

(1) Round 2, 2.5. Non-NHS options including m ultifocal, toric and 

extended depth- of -focus IOLs should be discussed with appropriate 

patients.  Ophthalmologists providing feedback for the recommendations 

regarding the myopic patients being offered a myopic target refraction, and 

patients using a monovision approach offered a monovision target refraction 

commented how, “Such patients should also be informed about EDOF 
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(extended depth of focus) and multifocal lens implants” (Ophthalmologist – 

panellist 6) and “Monovision, toric, multifocal lenses and extended depth of 

vision lenses are all options that are available on the market and need to be 

discussed” (Ophthalmologist – panellist 2). This was therefore added as a 

recommendation in round 2. This included discussing these options with 

NHS patients. 

(2) Round 2, 3.2. A range of refractive options should be discussed with 

patients between first eye and second eye  monofocal IOL surgeries. 

These include (i) a new spectacle lens for the operated eye. (ii) 

Removing the lens of the operated eye from their glasses. (iii) 

Abandoning glasses and using ready readers 1,7. During round 1 the list of 

refractive options in the interim period between first eye and second eye 

surgery were listed as separate recommendations. Both optometrists and 

ophthalmologists felt the management of this period should be individually 

assessed and involve a discussion with the patient rather than 

recommending specific advice, “Again individually assessed. How are they 

coping between surgeries? Would they personally benefit from a temporary 

correction. Only a full dispensing case history with patient inclusion will allow 

a successful decision” (Optometrist – panellist 4). Most felt, “This is a 

judgement call for the optometrist and does not need guidance” (Optometrist 

– panellist 7). Rather than recommending each refractive option separately 

we condensed these into one recommendation stating a range of refractive 

options should be discussed in the interim period. 

(3) Round 2, 4.4. Patients with further concerns about driving should be 

advised to see their optometrist. Feedback from the driving advice 
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recommendations raised concerns that patient’s judgement on the level of 

vision needed for driving is unreliable. Optometrists commented that they 

were happy to check visual acuities post-operatively to reassure the patient. 

“Patients should be advised that they can drive following surgery if they feel 

confident and can see registration plate at the appropriate distance but 

should be able to ask their post-op optometrist ahead of schedule if 

concerned” (Optometrist – panellist 6). It was added as a recommendation 

that patients with further concerns about driving should see their optometrist. 
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 Optometrists 
- % already 
do in practice 

Ophthalmologists 
- % already do in 
practice 

Importance Feasibility Recommendation  

Organisation      
1.1 55% 45% 100% 

N=22/22 
91% 
N=22/22 

Joint management can provide the best patient care if 
agreed protocols and appropriate training and 
remuneration are provided within a shared care system. 

Target 
refractive 
errors 

     

2.1 64% 100% 100% 
N=22/22 

82% 
N=18/22 

The patient must be fully informed prior to any 
decisions regarding their post-operative target 
refractive error, including issues of cost and 
convenience (level 3-4 evidence) (Webber et al. 2020; 
National Institute for Health and Care Excellence 
October 2017). 

2.2 60% 55% 86% 
N=19/22 

82% 
N=19/22 

To fully inform the patient discussions should typically 
involve an initial preliminary discussion by the 
optometrist with further discussion with the 
ophthalmologist (level 3-4) (Webber et al. 2020; 
National Institute for Health and Care Excellence 
October 2017). 

2.3 60% 100% 95% 
N=21/22 

95% 
N=21/22 

Myopic patients used to reading without glasses should 
be made aware of the option of a myopic target 
refraction (level 3-4 evidence) (Kora et al. 1995; 
Hawker et al. 2005; Palagyi et al. 2017; Webber et al. 
2020; National Institute for Health and Care 
Excellence October 2017).   

Table 6.1 showing the initial 18 recommendations presented in round 1 of the Delphi process. Those recommendations in bold did not reach 
consensus in first round. Red percentages indicated those <80%. If only one of the criteria (i.e., importance or feasibility) was rated >80%  
�W�K�H���R�W�K�H�U���F�U�L�W�H�U�L�R�Q���P�X�V�W���K�D�Y�H���”�����������R�I���W�K�H���S�D�Q�H�O���U�D�W�H�G���R�Q���W�K�H���R�S�S�R�V�L�W�H���V�L�G�H���R�I���D�J�U�H�H�P�H�Q�W�� 
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2.4 70% 100% 100% 
N=22/22 

86% 
N=19/22 

Patients using a monovision approach should be made 
aware that this approach could be provided post-
surgery (level 4 evidence) (Jain et al. 1996; National 
Institute for Health and Care Excellence October 
2017). 

2.5 40% 64% 73% 
N=16/22 

73% 
N=16/22 

Patients due to receive large reductions in 
refractive error should be counselled about 
magnification changes (level 3-4 evidence) (Elliott 
and Chapman 2010; Supuk et al. 2016). 

2.6 18% 91% 91% 
N=20/22 

82% 
N=18/22 
 

Patients should be provided with both verbal and 
written advice about their target refraction prior to 
surgery. 

Refractive 
management of 
patients 

     

3.1  10% 45% 64% 
N=14/22 

36% 
N=8/22 

Patients with significant ametropia should be 
offered simultaneous bilateral cataract surgery to 
avoid anisometropia after 1st eye surgery and not 
obtaining a refractive correction until after 2nd eye 
surgery (level 3 Evidence) (Meuleners et al. 2014). 

3.2 N/A N/A N/A N/A What level of anisometropia would you consider 
suggests the recommendation to the patient of bilateral 
simultaneous surgery. 

3.3 N/A N/A N/A N/A What time interval between 1st eye – 2nd eye surgery 
would you consider it NOT appropriate to 
recommend a new spectacle lens for the operated eye. 

3.4 82% 60% 90% 
N=19/21 

90% 
N=19/21 

Patients with anisometropia post 1st eye surgery should 
be counselled about the benefits and cost of prescribing 
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 a single vision balance lens (or a contact lens) to the 
unoperated 2nd eye (level 4 evidence) (Elliott 2014b; 
Supuk et al. 2016). 

3.5 82% 80% 80% 
N=16/20 

80% 
N=16/20 

Patients who intend to wear distance glasses after 2nd 
eye surgery should be counselled about the benefits 
and cost of a new spectacle lens for the operated eye 
between surgeries (level 3 evidence) (Supuk et al. 
2016). 

3.6 64% 100% 85% 
N=17/20 

90% 
N=18/20 

Patients who do not intend to wear distance glasses 
after 2nd eye surgery should be counselled about the 
benefits and cost of not using current spectacles during 
the interim period and using ready readers for near 
vision (level 4) (Webber et al. 2020). 

3.7 64% 50% 81% 
N=17/21 
 

67% 
N=14/21 
Not feasible 
9.5% 

Patients who have had uncomplicated surgery and 
urgently require new spectacles (e.g., for driving) 
should be offered the option of updated spectacles 
before the current guidelines of 4-6 weeks (level 1, 3 
and 4) (Charlesworth et al. 2020). 

3.8 18% 10% 33% 
N=7/21 

48% 
N=10/21 

Patients with 0.25DC or 0.50DC oblique 
astigmatism post-operatively should be counselled 
that not including this correction would have 
minimal effect on vision but significantly aid 
adaptation to new glasses (level 3 evidence) 
(Guyton 1977; Elliott 2014b; Supuk et al. 2016). 
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Driving advice 
following 
surgery 

     

4.1 73% 91% 82% 
N=18/22 

77% 
N=17/22 
Not feasible 
9% 

Patients should be advised that they can drive 
following surgery if they feel confident and can see 
registration plate at the appropriate distance (level 4 
evidence).  

4.2 70% 82% 91% 
N=20/22 

91% 
N=20/22 

Patients with anisometropia and/or loss of stereopsis 
should be advised that this may cause problems with 
driving such as judging speed and distances (level 3-4 
evidence) (Meuleners et al. 2012; Meuleners et al. 
2018). 

4.3 18% 73% 82% 
N=18/22 

82% 
N=18/22 

Patients should be provided with both verbal and 
written driving advice following surgery. 
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6.3.2 Round 2 results  

After the removal and addition of new recommendations the remaining 

recommendations underwent minor rewording amendments based upon the 

feedback and comments received from round 1. The amendments can be 

seen in red in Table 6.2.  During the second-round, recommendations were 

re-rated on importance and feasibility of which 82% of recommendations 

reached consensus (14/17). Of the four recommendations that did not reach 

consensus in the first round (Table 1) one was removed (round 1, 3.8), one 

reached consensus in the second round (round 2, 2.6) and two did not reach 

consensus after two rounds (round 2, 3.1; 3.3).  

Three recommendations did not reach consensus in the second-round. 

Recommendation 3.1 “Patients with significant ametropia should be offered 

simultaneous bilateral cataract surgery to avoid anisometropia after 1st eye 

surgery and not obtaining a refractive correction until after 2nd eye surgery” 

was updated following round 1 advice. Panellists felt bilateral surgery would 

be useful for patients to avoid anisometropia between first and second eye 

surgery however, there were concerns that significant ametropia would 

involve significantly short or long eyes which would be a contraindication for 

ISBCS. When panellists were asked at what level of anisometropia they 

would consider ISBCS for a patient the majority said 2.00D, therefore in 

round 2 a requirement of ametropia between 2.00D-6.00D was added to the 

recommendation. Although both importance (64% to 89%) and feasibility 

(38% to 78%) improved the recommendation still did not achieve consensus 

due to slightly low feasibility (2% below the cut-off). Although panellists felt 

this was important, many ophthalmologists felt it was not currently feasible in 
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the NHS system. As this recommendation did not achieve consensus after 

two rounds it was removed from the final list of recommendations (Table 

6.3). 

Recommendation 3.3 (round 1) investigated at what time interval between 1st 

eye – 2nd eye surgery would you consider it NOT appropriate to recommend 

a new spectacle lens for the operated eye. During round 1 optometrists and 

ophthalmologists could select between: <2 weeks, <1 month, <2 months, <4 

months, <8 months, 1 year+. Fourteen percent opted <2weeks, 48% opted 

<1 month, 28% opted 2 months, 10% opted <4 months. As 1 month was the 

most popular response in round 2 the recommendation was updated to “3.3. 

A time interval between 1st eye – 2nd eye surgery of less than 1 month 

should typically be considered too short to recommend a new spectacle lens 

for the operated eye”. Ophthalmologists had agreement on both importance 

(89%) and feasibility (86%), however optometrists had less agreement with 

70% agreeing it was important and 56% agreeing it was feasible. Most 

optometrists commented that they felt this is patient dependent and depends 

upon their visual needs. Some patients are happy to update as a temporary 

solution whereas others stated in their experience patients prefer to wait until 

they have had second eye surgery before updating their spectacles. As this 

recommendation did not achieve consensus after two rounds it was removed 

from the final list of recommendations (Table 6.3). 

Recommendation 4.1 was updated (4.2 in round 2) following round 1 advice. 

Panellists suggested this recommendation could be further expanded to 

include, “do they have double vision and can they judge depth correctly” 

(Ophthalmologist – panellist 10). Others mentioned suggesting a specific 
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time period to allow for adaptation, “It is advisable to suggest allowing 5-7 

days after surgery to allow for some adaptation” (Ophthalmologist – panellist 

2). Two optometrists stated they give no advice on this “I leave this to the 

surgeon to advise upon, I don't feel confident telling the patient this in case 

there is a complication in surgery/large anisometropia left” (Optometrist – 

panellist 6) and “Question clear. No for me as I do not think patient 

judgement on this is reliable” Optometrist – panellist 8). Others advised they 

were happy to check patients vision levels postoperatively if a patient had 

concerns “should be able to ask their post-op optometrist ahead of 

scheduled if concerned” (Optometrist – panellist 6) or needed reassurance 

“Yes, I am also happy to check VAs post-op if they need reassurance” 

(Optometrist – panellist 10). A time period of 1 week and information 

regarding double vision was included in the next round. “4.2. Patients should 

be advised that they can drive to their level of confidence approximately 1 

week following surgery if they can see a registration plate at the appropriate 

distance and do not have any double vision”. In round two importance 

dropped from 82% to 75% and feasibility dropped from 79% to 77%. 

Concerns remained regarding patient judgement on the level of vision 

required to reach the driving standards. Ophthalmologists expressed 

concerns, “Who will measure 20.5 metres to read a number plate? This sort 

of advice should be avoided to avoid litigation” (Ophthalmologist – panellist 

6) and that “The period of 1 week is overly conservative and not based in 

evidence” (Ophthalmologist – panellist 10). Optometrists also expressed 

concerns over the recommendation and felt patients self-measuring their 

vision was unreliable. “Confidence is not a measure applicable to the 
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Highway code and we have all had the patient who was still driving at 6/60 R 

& L who claimed to have no problem with their distance vision” (Optometrist 

– panellist 2). It was suggested to accurately determine if a patient was safe 

to drive could involve an optometrist’s assessment, “This ideally needs an 

optom assessment - some patients present, confidently driving, with visions 

well below the required standards” (Optometrist – panellist 1). “Difficult to 

monitor/ensure patient is safe. This would need to come from the consultant, 

not something I would be comfortable telling a patient without checking their 

vision” (Optometrist – panellist 5). As the recommendation reached 

consensus in round 1 but not in round 2 the recommendation was reverted 

back to the original wording. 

The final list of recommendations can be seen in Table 6.3.      
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 Round 1 

Importance 

Round 1  

Feasibility 

Round 2 

Importance 

Round 2 

Feasibility 

Recommendation 

Organisation      
1.1 100% 

N=22/22 
91% 
N=22/22 

100% 
N=20/20 

85% 
N=17/20 

Joint refractive management can provide high 
quality and convenient patient care if agreed 
protocols and appropriate training and 
remuneration are provided within a commissioned 
shared care system. 

Target 
refractive 
errors 

     

2.1 100% 
N=22/22 

82% 
N=18/22 

100% 
N=20/20 

80% 
N=16/20 

The patient must be fully informed prior to any 
decisions regarding their post-operative target 
refractive error, including issues of IOL type, and 
how this will affect the cost and convenience of 
post-operative spectacle wear, if needed (level 3-4 
evidence) (Webber et al. 2020; National Institute 
for Health and Care Excellence October 2017). 

2.2 86% 
N=19/22 

82% 
N=19/22 

100% 
N=20/20 
 

85% 
N=17/20 

To fully inform the patient, an ideal process is an 
initial discussion by the referring optometrist  to 
introduce the idea of refractive outcomes and 
outline options with further discussion with the 
ophthalmologist to clarify understanding and make 
a decision (level 3-4) (Webber et al. 2020; National 
Institute for Health and Care Excellence October 
2017). 

Table 6.2 showing the 17 recommendations presented in round 2 of the survey. Amendments to the recommendation are shown in red. 
Those in bold did not reach consensus. Red percentages indicated those <80%. If only one of the criteria (i.e., importance or feasibility) was 
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2.3 95% 
N=21/22 

95% 
N=21/22 

100% 
N=20/20 

90% 
N=18/20 

Myopic patients used to reading without glasses 
should particularly be made aware of the option of 
a myopic target refraction in NHS (monofocal IOL) 
referrals (level 3-4 evidence) (Kora et al. 1995; 
Hawker et al. 2005; Palagyi et al. 2017; Webber et 
al. 2020; National Institute for Health and Care 
Excellence October 2017). 

2.4 100% 
N=22/22 

86% 
N=19/22 

95% 
N=19/20 

90%  
N=18/20 

Patients with a history of using a monovision 
approach should be made aware that this approach 
could be provided post-surgery, particularly in 
NHS (monofocal IOL) referrals (level 4 evidence) 
(Jain et al. 1996; National Institute for Health and 
Care Excellence October 2017). 

2.5 N/A N/A 95% 
N=19/20 

75% 
N=15/20 
Not feasible 
10% (2/20) 

Non-NHS options including multifocal, toric and 
extended depth-of-focus IOLs should be discussed 
with appropriate patients. 

2.6 73% 
N=16/22 

73% 
N=16/22 

100% 
N=20/20 

100% 
N=20/20 

Patients due to receive reductions in refractive 
error greater than 2.00D should be counselled 
about the potential for anisometropic symptoms 
between first and second eye surgery (level 3-4 
evidence) (Elliott and Chapman 2010; Supuk et al. 
2016). 

2.7 91% 
N=20/22 

82% 
N=18/22 
 

85% 
N=17/20 

70% 
N=14/20 
Not feasible 
10% (2/20) 

Patients should be provided with both verbal and 
written advice about their target refraction prior to 
surgery. Ideally the latter should be a patient 
information leaflet developed by an 
ophthalmology and optometry team. 
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Refractive 
management 
of patients 

     

3.1  64% 
N=14/22 

36% 
N=8/22 

89% 
N=17/19 

78%  
N=14/18 
Not feasible 
11% (2/18) 

If there are no contra-indications, patients with 
ametropia between approximately 2.00 to 6.00D 
could be offered immediate sequential bilateral 
cataract surgery (ISBCS) to avoid anisometropia 
after 1st eye surgery and not obtaining a refractive 
correction until after 2nd eye surgery  (Level 3 
Evidence) (Meuleners et al. 2014). 

3.2 N/A N/A 100% 
N=20/20 

100% 
N=20/20 

A range of refractive options should be discussed 
with patients between eye monofocal IOL 
surgeries. These include (i) a new spectacle lens for 
the operated eye. (ii) Removing the lens of the 
operated eye from their glasses. (iii) Abandoning 
glasses and using ready readers (level 3 & 4 
evidence) (Elliott 2014b; Supuk et al. 2016). 

3.3 N/A N/A 79% 
N=15/19 

71% 
N=12/17 

A time interval between 1st eye – 2nd eye surgery 
of less than 1 month should typically be considered 
too short to recommend a new spectacle lens for the 
operated eye. 

3.4 90% 
N=19/21 

90% 
N=19/21 
 

80% 
N=16/20 

80% 
N=16/20 
 

The benefits and cost of prescribing a single vision 
balance lens (or a contact lens) to the unoperated 
2nd eye should be discussed with patients 
struggling with anisometropia post 1st eye surgery 
(level 4 evidence) (Elliott 2014b; Supuk et al. 
2016). 
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3.5 81% 
N=17/21 
 

67% 
N=14/21 
Not feasible 
9.5% 

90% 
N=18/20 
 

95% 
N=18/20 

Patients who have had uncomplicated surgery and 
urgently require new spectacles (e.g., for driving) 
should be offered the option of updated spectacles 
before the current guidelines of 4-6 weeks with 
potential cost implications discussed (level 1, 3 and 
4) (Charlesworth et al. 2020). 

Driving advice 
following 
surgery 

     

4.1 82% 
N=18/22 

82% 
N=18/22 

90% 
N=18/20 

90% 
N=18/20 

Patients should be provided with both verbal and 
written driving advice  following surgery, ideally as 
part of the information about the surgery. 

4.2 82% 
N=18/22 

77% 
N=17/22 
Not feasible 
9% 

75% 
N=15/20 

74% 
N=14/19 

Patients should be advised that they can drive to 
their level of confidence approximately 1 week 
following surgery if they can see a registration plate 
at the appropriate distance and do not have any 
double vision (level 4 evidence). 

4.3 91% 
N=20/22 

91% 
N=20/22 

100% 
N=20/20 

100% 
N=20/20 

Patients with surgery-induced anisometropia and/or 
loss of stereopsis should be advised that this may 
cause problems with driving and may require a 
longer period of adaptation (level 3-4 evidence) 
(Meuleners et al. 2012; Meuleners et al. 2018). 

4.4 N/A N/A 100% 
N=20/20 

95% 
N=18/19 

Patients with further concerns about driving should 
be advised to see their optometrist. 
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6.4 Discussion  

A Delphi study process was used to achieve consensus on 

recommendations for the pre- and post-operative refractive management of 

cataract surgery patients. Fifteen recommendations reached consensus after 

two rounds of the Delphi process. Agreed recommendations between both 

optometrists and ophthalmologists can improve the outcome of cataract 

surgery for patients by ensuring they are provided with the knowledge to 

make informed decisions regarding their surgery and refractive management. 

One hundred percent of optometrists and 91% of ophthalmologists believed 

optometrists should play a role in the provision of information regarding 

target refraction and post-operative refractive management of patients with 

cataract. Joint refractive management achieved 100% importance and 85% 

feasibility. Shared care was agreed to be the way forward although may be 

limited by the commissioning of schemes and stakeholder uptake. All 

panellists agreed all patients must be informed prior to any decision 

regarding their post-operative target refraction. Ophthalmologists stated the 

depth of discussion is limited by clinic time and would be improved if the 

process of discussing options began before patient arrival in the hospital 

setting. Optometrists agreed that starting the process of target refraction 

discussion at the point of referral would make the pre-surgery assessment 

more efficient and of particular benefit to myopic and monovision patients. 

However, time constraints and the culture of the surgeon making the final 

decision may make some optometrists reluctant to have target refraction 

discussions. This could be overcome by providing appropriate training for 

optometrists, ideally with the support of local ophthalmologists. While the 



205 
 

suggestion of providing patients with both verbal and written target refraction 

advice achieved high importance (91%) and feasibility (82%) in round 1, 

when suggesting a patient leaflet could be developed between optometry 

and ophthalmology feasibility dropped to 70% therefore this was removed 

from the recommendation. Panellists felt it would be difficult to envisage a 

single leaflet due to various permutations, and patient’s different levels of 

understanding. Including patients in the development of information leaflets 

may be needed to ensure the material is relevant, readable and 

understandable to patients (Nilsen et al. 2006). 

Three further recommendations achieved low feasibility (round 2, 2.5; 3.1; 

4.2; table 6.2). The first relating to discussing non-NHS options including 

multifocal, toric, and extended depth-of-focus IOLs with appropriate patients. 

While panellists agreed this was crucial and part of informed consent, 

opinions differed of when this should first be discussed with the patient. Most 

believed this should first be discussed by the optometrist before referral to 

the NHS although one optometrist raised concerns that more training is 

required on this as they have limited knowledge. 

Immediate Sequential Bilateral Cataract Surgery, ISBCS  

The second recommendation to achieve low feasibility discussed offering 

ISBCS to patients with no contraindications and 2.00 to 6.00D of ametropia 

to avoid anisometropia between first and second eye surgery. There was 

strong agreement of 90% with panellist believing it would be beneficial for 

patients to avoid anisometropic symptoms (Loba et al. 2015), negate many 

adaptation problems and potentially reduce the number of injurious falls in 

this period (Meuleners et al. 2014). It was discussed by ophthalmologists that 
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practice is slowly moving towards ISBCS although this technique is currently 

not feasible within all NHS organisations due to strict preoperative protocols, 

the modern and accurate biometry devices needed to reduce refractive 

surprise, and not all surgeons being comfortable with the technique. As 

discussed in the Royal College of Ophthalmologists report on ISBCS 

(Buchan et al. 2020), articles in peer reviewed journals have asked if ISBCS 

is practice that the NHS should be adopting as routine for over three 

decades (Fenton and Gardner 1982; Smith et al. 2001; Chang 2003).  NICE 

recommend that ISBCS should be considered for two groups of patients: (1) 

patients who are at low risk of operative and postoperative complications, (2) 

patients who need to have general anaesthesia for the surgery but for whom 

general anaesthesia carries an increased risk of complications or distress 

(National Institute for Health and Care Excellence October 2017). The vast 

majority of cataract surgery patients are at low risk of operative and 

postoperative complications however it was found that the technique is 

predominantly only performed under general anaesthetic (60%) and in more 

complex patients with issues lying flat, cooperating, mature cataracts and no 

fundal view (Buchan et al. 2020). The Royal College of Ophthalmologists 

The Way Forward project found none of the 50 units interviewed 

(representing 50/142 UK NHS eye departments) offered ISBCS routinely 

(Buchan et al. 2017). Only 0.5% of UK cataract operations were performed 

as ISBCS between 2010 to 2018 (Buchan et al. 2020). Due to the COVID-19 

pandemic cataract services were redesigned (Lin et al. 2021). The Royal 

College of Ophthalmologists and the UK and Ireland Society of Cataract and 

Refractive Surgery (UKISCRS) jointly recommended more ISBCS in suitable 
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patients to streamline cataract services (The Royal College of 

Ophthalmologists and UK and Ireland Society of Cataract and Refractive 

Surgery) and reduce the risk of COVID-19 transmission in hospital (Naderi et 

al. 2020; Ahmed et al. 2021). One NHS hospital which published their ISBCS 

figures found an increase from 0.36% in the 5 years before COVID-19 to 

3.05% in the 6 months following the reopening of cataract services after 

closure due to the pandemic (Wang et al. 2021). Five out of the 16 surgeons 

at this hospital chose not to list ISBCS due to concerns of serious post-

operative complications such as endophthalmitis (40%), more frequent but 

less serious post-operative complications such as cystoid macular oedema 

(40%) and refractive surprise (20%) (Wang et al. 2021). The perception of 

increased risk of bilateral complications may be a barrier to this technique in 

the long term, although studies have shown that bilateral cataract surgery 

does not lead to increased post-operative complications when ISBCS 

guidelines are followed whereby each eye is to be treated as a completely 

individual and autonomous procedure, with the change of gloves, gowns, 

instruments, coverings and fluids (Arshinoff 2006; Lansingh et al. 2015). 

Grzybowski et al noted there has never been any reports of bilateral 

simultaneous endophthalmitis when surgical recommendations have been 

followed correctly (Grzybowski et al. 2016). It is evident that current cataract 

services will have to evolve due to the ageing population in the UK. A 52% 

rise in cataract cases is expected between 2015 and 2035 (Buchan et al. 

2019). In the long term continued and increased uptake of ISBCS may be the 

solution and would not only be beneficial to the patient achieving full quality 

of life gains faster but would also provide savings in both healthcare costs to 
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the NHS (O'Brart et al. 2020) and non-health care related costs such as 

travel and home care to the patient (Leivo et al. 2011; Buchan et al. 2020). A 

prolonged gap between first and second eye surgery has been shown to 

increase the risk of falls (Meuleners et al. 2014) and the number of “head on” 

and “hit pedestrian” driving accidents (Meuleners et al. 2012).  Removing the 

interim period between first and second eye surgery will eliminate 

anisometropic symptoms and subsequent aniseikonia for the patient, 

potentially reducing the risk of falls, car accidents and their associated health 

care costs. As this recommendation was extremely close to consensus (78% 

feasible, 11% non-feasible with consensus figures of 80% or 10%), it is 

possible that a third round of the Delphi study could have reached consensus 

with some appropriate re-wording and a recommendation regarding ISBCS 

should be added to any guidelines in the near future if it’s use increases 

significantly. 

Driving advice 

The third recommendation to achieve low feasibility was regarding how soon 

patients should be advised they can drive following surgery. Currently no 

recommendations for driving post-surgery exist. It has been shown that the 

post-operative driving advice patients receive is limited or non-existent 

(Webber et al. 2020) and can vary massively with some practitioners 

advising to begin driving again from as little as 1 day up to 8 weeks (chapter 

5). During round one we included the recommendation “patients should be 

advised that they can drive following surgery if they feel confident and can 

see a registration plate at the appropriate distance” which achieved 82% 

importance, 77% feasibility and reached consensus. It was suggested by 
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ophthalmologists to include a time period of 5-7 days to allow for adaptation, 

and to expand the recommendation to include a comment about double 

vision. Based upon this feedback the recommendation was updated to, 

“patients should be advised that they can drive to their level of confidence 

approximately 1 week following surgery if they can see a registration plate at 

the appropriate distance and do not have any double vision”. This reduced 

importance and feasibility to 75% and 74%. Round 2 feedback concluded a 

time period of 1 week is overly conservative and not based on evidence and 

the recommendation should be less restrictive. There were also concerns of 

patients not accurately measuring the distance to read a number plate to 

meet the DVLA driving standards. It is important that all patients are provided 

with post-operative driving advice and are made aware that it is their 

responsibility to ensure that they meet the driving standards. Patients being 

provided with both verbal and written driving advice following surgery 

achieved 90% importance and feasibility. It may be helpful to include the 

driving standards in a patient post-operative leaflet as it has been shown the 

vast majority of patients do not know the DVLA driving standards (Fylan et al. 

2018). Along with stating the legal requirement of reading a number plate at 

20 metres including a real world example for patients such as 5 car lengths 

may be more helpful and relatable for the patient (GOV.UK 2018). Any 

patients with concerns over whether they meet the driving standards should 

be advised to see their optometrist for a vision check.  

Two recommendations did not reach consensus after two rounds of the 

Delphi technique (round 2, 3.1; 3.3).  
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Recommendation 3.3 discussed the time interval required before advising a 

new spectacles lens between first and second eye surgery. Panellists felt this 

was primarily a cost issue. While ophthalmologists rated the 

recommendation of high importance (89%) and feasibility (86%)  

optometrists felt a recommendation was too prescriptive to execute in the 

real world (importance 70%, feasibility 60%). It was felt that the refractive 

advice given is very patient dependent and practitioners may need to deviate 

from a recommendation to meet a patients’ needs and available budget. 

6.4.1 Limitations  

The study used a multidisciplinary panel of optometrists (three of whom were 

previously dispensing opticians) and ophthalmologists with at least ten years 

of experience working in a range of settings. They are not representative of 

the UK optometric and ophthalmology populations but are representative of 

experienced and informed clinicians. One limitation of the study may be that 

panellists who volunteered to take part in the study may have a particular 

interest in the pre-operative and post-operative refractive management of 

cataract surgery patients and therefore more interested in collaboration 

between optometrists and ophthalmologists. A further limitation could be that 

a third round could have been used to attempt to achieve consensus on the 

recommendations that did not achieve consensus and further explore those 

that achieved low feasibility. However due to time limitations, difficulty of 

obtaining some responses and the reduced number of respondents for round 

2 this was deemed not viable.  
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6.4.2 Future work  

Fifteen recommendations were finalised as the results of the Delphi study. 

One example of guidelines being implemented in practice are the vision and 

falls guidance first developed by the College of Optometrists and further 

updated in 2011 and 2020. Similar guidelines were promoted in 2020 by 

Optometry Australia and ECOO (European Council of Optometry and Optics) 

which has led to changes in practice (Ho et al. 2022). In previous work we 

used the Delphi technique to investigate the importance and feasibility of the 

falls guidelines once they had been developed (Ho et al. 2022). For the 

development of refractive management guidelines, we believed that using 

the Delphi process to help shape and develop the guidelines would be of 

more benefit. After the study has undergone peer review and publication, we 

hope to send these recommendations to several optometry and 

ophthalmology professional bodies: The College of Optometrists, The Royal 

College of Ophthalmologists, ECOO and Optometry Australia in the hope 

that these recommendations can assist optometrists and ophthalmologists 

with their clinical decisions and be implemented in practice.
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 Recommendation 

Organisation  
1.1 Joint refractive management can provide high quality and convenient patient care if agreed protocols and 

appropriate training and remuneration are provided within a commissioned shared care system. 
Target refractive 
errors 

 

2.1 The patient must be fully informed prior to any decisions regarding their post-operative target refractive error, 
including issues of IOL type, and how this will affect the cost and convenience of post-operative spectacle 
wear, if needed (level 3-4 evidence) (Webber et al. 2020; National Institute for Health and Care Excellence 
October 2017). 

2.2 To fully inform the patient, an ideal process is an initial discussion by the referring optometrist  to introduce 
the idea of refractive outcomes and outline options with further discussion with the ophthalmologist to clarify 
understanding and make a decision (level 3-4) (Webber et al. 2020; National Institute for Health and Care 
Excellence October 2017). 

2.3 Myopic patients used to reading without glasses should particularly be made aware of the option of a myopic 
target refraction in NHS (monofocal IOL) referrals (level 3-4 evidence) (Kora et al. 1995; Hawker et al. 2005; 
Palagyi et al. 2017; Webber et al. 2020; National Institute for Health and Care Excellence October 2017). 

2.4 Patients with a history of using a monovision approach should be made aware that this approach could be 
provided post-surgery, particularly in NHS (monofocal IOL) referrals (level 4 evidence) (Jain et al. 1996; 
National Institute for Health and Care Excellence October 2017). 

2.5 Non-NHS options including multifocal, toric and extended depth-of-focus IOLs should be discussed with 
appropriate patients. 

2.6 Patients due to receive reductions in refractive error greater than 2.00D should be counselled about the 
potential for anisometropic symptoms between first and second eye surgery (level 3-4 evidence) (Elliott and 
Chapman 2010; Supuk et al. 2016). 

2.7 Patients should be provided with both verbal and written advice about their target refraction prior to 
surgery. 

Table 6.3 showing the final 15 recommendations which reached consensus after two rounds of the Delphi process. 
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Refractive 
management of 
patients 

 

3.1 A range of refractive options should be discussed with patients between eye monofocal IOL surgeries. These 
include (i) a new spectacle lens for the operated eye. (ii) Removing the lens of the operated eye from their 
glasses. (iii) Abandoning glasses and using ready readers (level 3 & 4 evidence) (Supuk et al. 2016; Webber 
et al. 2020). 

3.2 The benefits and cost of prescribing a single vision balance lens (or a contact lens) to the unoperated 2nd 
eye should be discussed with patients struggling with anisometropia post 1st eye surgery (level 4 evidence) 
(Elliott 2014b; Supuk et al. 2016). 

3.3 Patients who have had uncomplicated surgery and urgently require new spectacles (e.g., for driving) should 
be offered the option of updated spectacles before the current guidelines of 4-6 weeks with potential cost 
implications discussed (level 1, 3 and 4) (Charlesworth et al. 2020) 

Driving advice 
following surgery 

 

4.1 Patients should be provided with both verbal and written driving advice  following surgery, ideally as part of 
the information about the surgery. 

4.2 Patients should be advised that they can drive following surgery if they feel confident and can see a 
registration plate at the appropriate distance (level 4 evidence) (The Royal College of Surgeons of England). 
(England) 

4.3 Patients with surgery-induced anisometropia and/or loss of stereopsis should be advised that this may cause 
problems with driving and may require a longer period of adaptation (level 3-4 evidence) (Meuleners et al. 
2012; Meuleners et al. 2018). 

4.4 Patients with further concerns about driving should be advised to see their optometrist. 
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Chapter 7: General discussion and further research 

From the initial literature review there was an obvious lack of information for 

patients and guidelines for clinicians when it came to the refractive 

management of patients undergoing cataract surgery. The aim of my PhD 

was to develop evidence based pre- and post-operative refractive 

management guidelines developed by both optometrists and 

ophthalmologists.  

7.1 Refractive stability  

To first investigate if the provision of spectacles may be possible sooner than 

the current guidelines for 4-6 weeks (The Royal College of Ophthalmologists 

2010) a systematic review and meta-analysis of the literature was conducted 

(Chapter 2). The re-analysis of the data from (de Juan et al. 2013) showed 

that refraction was stable 1-2 weeks following surgery for 93% of patients. 

For the few patients that took longer to achieve refractive stabilisation it was 

found that they had a large change in cylinder power and/or axis from pre- to 

post-surgery and these patients should not be prescribed spectacles sooner 

than the current guidelines. To further evaluate if any variables may help to 

predict if a patient will take longer to achieve refractive stabilisation, we 

gathered refraction data of 67 patients undergoing routine cataract surgery at 

pre-operatively, and 1-week, 2-weeks and 6-weeks post-operatively (Chapter 

3).  Pre-operative oblique astigmatism (steepest meridian at 135 degrees) 

and pre-operative with-the-rule astigmatism greater than or equal to -2.00DC 

(steepest meridian at 90 degrees) were found to be predictors of longer 

refractive stabilisation times. While statistically significant, this showed poor 
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clinical significance in our data set producing a sensitivity of 17% and 

specificity of 83%.  

A small number of optometrists (9%) and ophthalmologists (4%) were found 

to prescribe sooner than the current guidelines of 4-6 weeks (The Royal 

College of Ophthalmologists 2010) and this was based upon either their own 

experience of refraction stabilising sooner, or the patients visual needs. 

Prescribing new spectacles to patients in need sooner than the 4-6 weeks 

was included in our refractive management guidelines after the 

recommendation reached consensus in our Delphi study (Chapter 6). 

7.2 Driving advice  

The focus group study conducted by (Webber et al. 2020) highlighted driving 

advice post-operatively was lacking for patients, with some receiving no 

advice and others receiving advice from a few days to several weeks. This 

was further investigated in Chapter 5. Our findings matched the inconsistent 

advice that patients reported with the data showing high variability from 

“immediately” to 8 weeks postoperatively from optometrists, and 1 day to 6 

weeks post-operatively from ophthalmologists. Currently no 

recommendations for driving post-surgery exist and therefore this was 

investigated in Chapter 6 in the hope of including some recommendations in 

our guidelines. Feedback from our Delphi study concluded a time period of 1 

week was overly conservative and advice should be less restrictive. There 

were concerns from optometrists and ophthalmologists over patients 

accurately assessing their vision to the DVLA driving standards and literature 

shows the vast majority of patients do not know the standards required 

(Fylan et al. 2018). During our Delphi study (chapter 6) four 
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recommendations regarding driving advice following surgery reached 

consensus and were included in our final guidelines. This covered providing 

patients with both verbal and written driving advice, information on the DVLA 

driving standards, advice on surgery-induced anisometropia and/or loss of 

stereopsis and advising patients to see their optometrist if they have any 

concerns driving post-operatively. 

7.3 Target refraction  

(Webber et al. 2020) found a lack of knowledge among patients of how their 

target refraction would impact the type of spectacles worn post-surgery. This 

had the biggest impact on myopic patients who read without spectacles pre-

surgery, but were unable to after surgery due to an emmetropic distance 

correction. We investigated this further in Chapter 4 exploring the target 

refraction advice optometrists and ophthalmologists give the patients. It was 

found that experienced optometrists were aware of dissatisfied patients’ 

post-surgery so were more likely to discuss target refraction in comparison to 

less experienced optometrists who were found to discuss the topic much 

less. Time constraints were a barrier to discussions for both optometrists and 

ophthalmologists. Funded direct referral schemes are likely to be a useful 

step forward. An agreed protocol between the two professions would be 

needed to provide optometrists with the confidence and information to have 

these discussions and provide confidence to the ophthalmologists that 

patients are receiving the correct information. This was further investigated in 

Chapter 6 and six recommendations were included in our final guidelines to 

ensure patients have the time and knowledge to make informed decision 

regarding their surgery. 
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7.4 Future research  

Further investigation into refractive stability is needed to try and determine 

why some patients take longer to achieve refractive stabilisation post-

operatively and how these patients can be identified in practice. There were 

several limitations in our study design (Chapter 3) and subsequent studies 

can be improved in several ways. Firstly, the study should include a larger 

sample size. Only a small number of patients do not achieve refractive 

stability 1-2 weeks following surgery therefore this subgroup is small. 

Repeated automated refraction measurements and repeated visual acuity 

measurements should be used to calculate each patient’s criterion for 

change (Brown and Lovie-Kitchin 1993; International Council of 

Ophthalmology report 2002). The gold standard for measuring visual acuity 

for clinical research is a ETDRS LogMAR chart (Ferris and Bailey 1996) and 

a termination rule should be used to reduce the variability of the results 

(Carkeet 2001). Future studies should collect additional information 

regarding corneal astigmatism, corneal thickness, and endothelial cell loss to 

further investigate why pre-operative oblique and with-the-rule astigmatism 

were found as predictor variables, and why some patients have a large 

change in cylinder and/or axis between pre-op and post-op. 

While the majority of refractive stability studies have investigated when 

refraction is stable using automated refraction (Oshika and Tsuboi 1995; de 

Juan et al. 2013; Caglar et al. 2017; McNamara et al. 2019; Ostri et al. 

2018), automated refraction results would rarely be used to prescribe new 

spectacles. Subjective methods of refraction are the gold standard when 

prescribing spectacles and are preferred by patients (Strang et al. 1998). 
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Another way of measuring when refraction is stable would be to use a 

patient’s subjective refraction result to prescribe spectacles 1 or 2 weeks 

following surgery, following the study by (Edwards et al. 1997). Patients 

could then return 6 weeks following surgery and undergo another subjective 

refraction to determine if any clinically significant differences had occurred. 

This would enable refractive stability to be looked at from a more clinical and 

patient point of view. 

Further research is needed to investigate how other elements of cataract 

surgery may impact refractive stability. Within our study patients did not have 

any pre-existing eye diseases which may have impacted post-operative 

recovery. None of our patients suffered any intra-operative or post-operative 

complications. Further investigation into post-operative complications such 

as retinal detachment, cystoid macular oedema, corneal oedema, lens 

settling and inflammation, when they occur and their impact on refractive will 

be needed to identify the best time period for patients to have their post-

operative check. All patients have a post-operative drug regime, generally 

involving a 4-week course of steroids and antibiotics. No literature currently 

exists regarding the effect that short-term use of steroid or antibiotic eye 

drops have on refractive error following cataract surgery. Further research is 

needed to investigate this as this post-operative drug regime was found to be 

a reason for practitioners not wanting to prescribe spectacles sooner than 

the current guidelines of 4-6 weeks (Chapter 4).  
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7.5 Refractive management guidelines  

Chapter 6 enabled us to develop refractive management guidelines 

developed between optometrists and ophthalmologists using a Delphi 

Consensus technique to shape and develop the guidelines. After the study 

has been submitted for publication and has undergone peer review, we plan 

to disseminate the recommendations to several optometry and 

ophthalmology professional bodies such as: The College of Optometrists, 

The Royal College of Ophthalmologists, ECOO and Optometry Australia in 

the hope that they can be implemented in practice. 

Two of the recommendations finalised in our Delphi study suggested 

providing the patient with written advice regarding their target refraction and 

driving post-operatively.  This would involve the development of patient 

information leaflets on these topics which should ideally be developed 

between optometrists, ophthalmologists and patients to ensure they include 

the relevant information and are understandable (Nilsen et al. 2006).  

Patients should be involved in the development of leaflets and educational 

materials. It has been shown that only 32% of brochures published by the 

American Academy of Ophthalmology were at a readability level considered 

appropriate for the majority of the population (Ebrahimzadeh et al. 1997). A 

study investigating patients understanding of optometric patient information 

leaflets and websites found difficulties due to poorly explained schematic 

diagrams, information that was too ‘educational’ and too much jargon (Fylan 

and Grunfeld 2002). The study highlighted the importance of the practitioner-

patient partnership. Developing materials for patients with input from both 

practitioners and patients would ensure that the information included is 
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relevant and understandable to patients and meets their needs. A systematic 

review looking at methods of consumer involvement in developing patient 

information material found the material to be more relevant, readable, and 

understandable to patients (Nilsen et al. 2006). Focus groups are a good 

method of obtaining patients’ views and have been used before to develop 

and improve education materials for patients (Anderson et al. 1998; 

Chumbley et al. 2002). It enables patients to clarify issues that are important 

to them, and is more effective than using individual interviews or 

questionnaires (Krueger 2014) and this method could be used in the 

development of cataract surgery education materials. 

Less experienced optometrists were found to discuss target refraction less 

due to a lack of confidence and understanding. Hopefully the guidelines 

developed in chapter 6 will be of particular benefit to less experienced 

optometrists. Knowledge of the importance of target refraction discussions 

could be improved further by greater exposure in University training and in 

Continuing Professional Development. 

Finally, the future of cataract surgery appears to be the move towards 

Immediate Sequential Bilateral Cataract Surgery (ISBCS). Cataract services 

need to evolve due to the ageing population and expected 52% rise in 

cataract surgeries between 2015 and 2035 (Buchan et al. 2019). ISBCS 

would provide savings to the NHS (O'Brart et al. 2020) and provide a more 

sustainable pathway by reducing the number of outpatient visits, enhancing 

operating theatre efficiency and reducing the carbon footprint of cataract 

surgery (Morris et al. 2013; Buchan et al. 2020). Bilateral surgery would be of 

huge benefit to patients enabling them to avoid the anisometropic and 
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aniseikonia symptoms induced between first eye and second eye surgery 

(Loba et al. 2015), potentially reduce the number of injurious falls in this 

period (Meuleners et al. 2014), the number of car accidents (Meuleners et al. 

2012), and their associated health care costs. The need for refractive 

management in the interim time period which tends be sub-optimum 

(Webber et al. 2020) could also be eliminated. 
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applicable). 
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Ethics Administrator for sign off by the Chair of the Research Ethics Panel. 
 

d) Guidance on the 2 different ethics review procedures that together make up the 
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University Ethics website. 
 

e) It is expected in the first instance, that if your project will involve human 
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Q1b 
 
 
 
Q1c 

 
Is the proposed work a research  project , i.e. an ‘investigation undertaken in order 
to gain knowledge and understanding’?   (This includes work of educational value 
designed to improve understanding of the research process.)?   This may include 
surveys of current views, attitudes and opinions; especially where the 
information gathered is personal or sensitive.  
 
If you answer ‘Yes’ to Q1a ethical approval may be required, move to Q2. 
 
If you answer ‘No’ to Q1a then a research ethics review is not usually required; 
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Note:  there may be occasions where a project is not defined as research but still 
raises ethical issues – please submit for review if this is the case. 
 
Is the proposed project an audit? This includes the organisation and analysis 
of data that already exists, as well as the comparison of service delivery with 
established standards (or standards in development).  
 
Is the proposed project service evaluation? E.g., does it investigate the 
functioning of existing processes or evaluate modifications to existing 
processes? This may include short anonymous surveys of user satisfaction 
that do not include sensitive or personal information.  
 
A more detailed definition of Research, Audit and Service Evaluation is available 
here.   
 
If you answered ‘Yes’ to Q1b, please explain below how humans are involved?  
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Will the project involve the NHS ? 
 
If you answer ‘No’ to Q2 move on to Q3 
 
If you answer ‘Yes’ to Q2 ethical approval may be required by NHS Research Ethics 
Committee (REC), please use the Decision Tool to find out what approvals you will 
need. Please submit your IRAS checklist and application to the University via nhs-
ethics@bradford.ac.uk  for review.  You will then be informed after review that you 
have approval to submit it via the IRAS Portal for HRA approval; the process can be 
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 No
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Will the project involve any of the following in the UK:  

�ƒ Testing a medicinal product  
�ƒ Investigating a Class II or higher medical device* (see 

https://www.gov.uk/government/publications/managing-medical-devices 
for further details). 

�ƒ Taking samples of human biological material (e.g. blood, tissue) 
�ƒ Prisoners or others in custodial care (e.g. young offenders) as participants 
�ƒ Adults with mental incapacity as participants 
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�ƒ Other vulnerable groups (e.g. vulnerable children) as participants 
 
If you answer ‘Yes’ to Q3 ethical approval will usually be required through a 
Research Ethics Panel, Ethical Tissue or NHS Research Ethics Committee (REC), or 
where the project includes participants that need approval under the Mental Capacity 
Act, approval will be required by the Social Care REC.  
 
If you wish to source material from Ethical Tissue at the University, they can be 
contacted on 01274 235897 or visit https://www.bradford.ac.uk/business/ethical-
tissue/ 
 
If your work involves a medical device, please state it’s Class according to the 
Medical Devices Directive (93/42/EEC) (see 
https://www.gov.uk/government/publications/managing-medical-devices *for 
further details). 
 
 
 
 
 
 
 
If you answer ‘No’ to Q3 move on to Q4 
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Will the project involve human participants and/or human data  
If you ticked ‘Yes’ please give details of the protocols for contacts with participants 
including: 
 

�x Details of the methodology used (for example interview or observation) 
�x Arrangements for identifying and contacting participants  
�x Arrangements for ensuring informed consent 
�x Arrangements for ensuring participants ability to withdraw  

Arrangements for accessing, storing and destroying the data  
 
 
 
 
 
 
 
 
 
 
 
 
 

�x If your project inv olves NHS staff as participants, please complete this 
checklist providing the details listed above at the end of the checklist 
so that a decision can be made as to whether you need to complete an 
IRAS Checklist and IRAS Application form.  

�x If an application is required it will be under the IRAS system. Please submit your 
IRAS checklist and application to the University via nhs-

 
Yes��    

 

 
 
 

The research involves simple uncontentious questionnaires.  The open access 
General Optical Council register will be used to access practice addresses for 
the questionnaires to be posted to with freepost return envelopes.  An online 
version will also be available. 
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mailto:nhs-ethics@bradford.ac.uk
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ethics@bradford.ac.uk  for review before submitting it via the IRAS Portal for 
HRA approval. The process can be found here. 

 
 
 
 

 
Q5a 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q5b 

 
Will the research project involve human tissue ( but not requiring NHS approval   
see Q3)? 
 
If you answer ‘Yes’ to Q5 University ethical approval is required 
 

 If your project will involve human tissue/biological fluids you must contact the UoB 
Designated Individual for the HTA licence, Dr Mojgan Najafzadeh 
(M.Najafzadeh1@bradford.ac.uk  or on 01274 236290) for audit purposes. 
or Joanne Mullarkey or Wayne Burrill in Ethical Tissue on 
J.Mullarkey@bradford.ac.uk,  W.Burrill@bradford.ac.uk  or on 01274 235818 for 
audit purposes and to check if it can be sourced through them.  You can also visit 
www.ethicaltissue.org 
 
 
If you answered ‘Yes’ to Q5a, is the human material over 100 years old and 
archaeological? 
 
If ‘YES’ please refer to the Biological Anthropology Research Centre (BARC) guidelines at 
https://www.bradford.ac.uk/life-
sciences/media/lifesciences/schooloflifesciences/ages/BARC_human_remains_policy.pdf  
 

 
No��  
 
 
 
 
 
 
 

 
 
 
 
 
 
No��  

 
If you answer ‘No’ to Q5 and have answered ‘No’ to Q2, Q3 and Q4 ethical approval is not  
required.  
 
 

 
PLEASE COMPLETE and SIGN ONE of the two boxes below  
Please email the completed checklist form together with any supporting documents 
to the Ethics Administrator (ethics@bradford.ac.uk).  Please note that we do require 
a Principal Investigator’s wet signature, before we can have the application reviewed 
by the Research Ethics Panel this can be sent or delivered to RKTS, F.24, Richmond 
Building.   
 
 
 
 
 
 
 
 
 
 
 

mailto:nhs-ethics@bradford.ac.uk
https://unibradfordac.sharepoint.com/sites/research-and-knowledge-transfer-support-intranet/SitePages/Stages-of-UoB-Ethics-Approval-via-the-IRAS-Application-Review-Panel.aspx?web=1
mailto:M.Najafzadeh1@bradford.ac.uk
mailto:J.Mullarkey@bradford.ac.uk
mailto:W.Burrill@bradford.ac.uk
http://www.ethicaltissue.org/
https://www.bradford.ac.uk/life-sciences/media/lifesciences/schooloflifesciences/ages/BARC_human_remains_policy.pdf
https://www.bradford.ac.uk/life-sciences/media/lifesciences/schooloflifesciences/ages/BARC_human_remains_policy.pdf
mailto:ethics@bradford.ac.uk
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1. I have discussed this project with my student AND/OR 
2. I confirm that there are no ethical issues requiring further consideration. 
 
If you consider that ethical review is not required, please explain briefly why not, below: 
 
This is a simple questionnaire study, requesting audit-type information and will take 
no more than 15 minutes to complete.  
 
 
 
(Any subsequent changes to the nature of the project will require that the Panel are 
informed of all changes) 
 
Signed by (Principal Investigator or Principal Supervisor (in case of student project)): 
 

Signature: …  Date: 11th October 2019 
 
PLEASE PRINT NAME …David B Elliott 
 
OR 
 

I confirm that there are ethical issues requiring further consideration and will either: 
1. Refer the proposal to Ethical Tissue, or,  
2. Fill in and submit a full ethics application to be considered by the appropriate Research 

Ethics Panel, or,  
3. Fill in a generic full application where generic approval is required (i.e., an application 

that will cover several sufficiently similar research projects with similar methodology or 
projects where the difference between the tests involved is not ethically relevant).  

4. If your project involves NHS staff as participants and requires ethical approval, please 
provide details below: 

 

5.  
 

Name (Principal Investigator/Principal Supervisor): 
 
Signature: …………………………………………………………..     Date: 
……………………………. 
 
PLEASE PRINT NAME 
…………………………………………………………………………………….. 

Annex 1 
 
Ethical Scrutiny by a University Research Ethics Panel is not required if: 
 
�x The project is NOT a research project.  There may be occasions where a project 

is not defined as research but still raises ethical issues – please submit for review 
if you think this is the case. 

 

https://www.bradford.ac.uk/business/ethical-tissue/
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�x The research project will only involve unlinked or aggregated human data which 
was collected and which was, at the time, subject to relevant research ethics panel 
approval. 
However, where this is the case the researcher should at least confirm this in an 
email to the Research Support Unit’s Ethics Administrator so that the Ethics 
Administrator has a record and can inform the Chair of the appropriate Research 
Ethics Panel that the researcher plans to go ahead without ethics approval. The 
email should confirm that the research project does not require ethics approval 
because it only involves unlinked or aggregated data, which when originally 
obtained from people was obtained in accordance with the protocol as approved 
at the time by an appropriate research ethics panel. The email should also briefly 
explain how the researcher now plans to use the unlinked or aggregated data.  

 
�x The research is Public Domain Data: 
 The Economic and Social Research Council’s (ESRC) Research Ethics 

Framework states that ethics approval may not be required for data sets that exist 
in the public domain (e.g. datasets that are available from the Office for National 
Statistics or from the ESRC’s Data Archive) so long as the appropriate 
permissions from individuals have already been obtained (i.e. informed consent) 
and where it is not possible to identify the individuals from the information 
provided.  It must be remembered that public domain data is still covered by the 
laws of copyright.  

 
�x The research involves Simple Uncontentious Questionnaires: 

If a research project’s only involvement with human subjects is a simple brief 
questionnaire with uncontroversial content it may not require ethical approval.  It 
is the Principal Investigator or Principal Supervisor’s responsibility to decide 
whether a project comes under this category and must indicate this at Q.4 on the 
checklist and attach the questionnaire document for information. 

 
Guidance on supervisor and principal investigator sign off of uncontentious research 
 
Audit and service evaluation are usually uncontentious, and guidance on how to differentiate 
between research, audit and service evaluation is given at: University Ethics website.  
 
Even where a project is clearly research, as a supervisor or principal investigator, you can sign 
off simple, ethically uncontentious projects as not needing further ethical scrutiny.  To do this, 
you should consider the level of risk to participants and researchers, the level of effort required 
by participants, the level of intrusion into participants’ lives and the level of sensitivity of both 
the general subject matter and the information requested of participants. Basically, the lower 
these levels, the more likely the research is to be uncontentious and the more confident you 
should feel about signing off. 
 
The following examples may help.   
 
These studies can almost always be signed off by the supervisor or principal investigator: 
 
�x Brief questionnaires asking opinions about matters which are clearly not sensitive 

(attitudes to a product, beliefs about the usefulness of a course).   
�x Brief interviews about such topic. 
�x Observational studies about everyday behaviour in public places which involve no 

risk to subjects or the researcher. 
 
But the following studies almost always need further scrutiny by a University Ethics Panel: 
 

https://unibradfordac.sharepoint.com/sites/research-and-knowledge-transfer-support-intranet/SitePages/Homepage-Ethics.aspx?web=1
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�x Long questionnaires (these require considerable potential inconvenience to 
subjects). 

�x Long interviews 
�x Any questionnaires which ask subjects about intimate behaviours or issue likely to 

cause distress or would in other ways normally be regarded as contentious or 
sensitive (e.g. illegal activities, attitudes to abortion, capital punishment, 
immigration, euthanasia). 

�x Any interviews which examine these matters. 
�x Observational studies which involve intimate behaviours, behaviours which are not 

normally public or which might normally be considered contentious or sensitive 
(Activities of ethics committees, appointment committees, etc; professional 
consultations). 

 
Naturally, this list is for illustration only, and should not be considered in any way exhaustive, 
permissive or prescriptive.  For example, there are many categories of research not mentioned 
here which would definitely require ethics approval (e.g. treatment research).  Rather the list 
demonstrates the issue of proportionality.  Thus, even though the method may be the same for 
activities requiring and not requiring further scrutiny, the content in some way distinguishes 
between the two categories. 
 
At the same time, there is obviously some middle ground.  Are ethics committees not public?  Is 
what is discussed so sensitive that the proposal needs further scrutiny?  What about asking 
people about their views on the actions of senior members of staff in their organisation?  
Probably, it is in these middle ground areas that further advice should be sought from a Panel 
Chair about whether the project can be signed off by the supervisor or principal investigator 
alone.  Given that, in so doing, the supervisor or PI is attesting to the ethical probity of the study, 
it is usually best to err on the side of caution where there is uncertainty.  Panel chairs are very 
happy to advise. 
 
Dr Martin Brinkworth , Chair, Biomedical, Natural, Physical and Health Sciences Research 
Ethics Panel, m.h.brinkworth@bradford.ac.uk, ext. 3584 
 
Dr Clare Beckett-Wrighton, Chair, Humanities, Social and Health Sciences Research Ethics 
Panel, c.beckett@bradford.ac.uk, ext. 3521) 
 
 
 
Please submit this checklist to: 
 
Ethics Administrator, RaIS,  
F.24 Richmond Building 
in hard copy or by email to  
ethics@bradford.ac.uk  
 
 
 
 
 
 
 
 
 
 
 
 

mailto:m.h.brinkworth@bradford.ac.uk
mailto:c.beckett@bradford.ac.uk
mailto:ethics@bradford.ac.uk
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Appendix A 2 – Ethical approval for Chapter 6  

 

      
EC ….………  
(For Office Use Only) 
 
APPLICANT’S ETHICS CHECKLIST 
YOU MUST COMPLETE THIS FORM IF YOUR WORK 
INVOLVES HUMAN PARTICIPANTS, THEIR TISSUE OR THEIR 
DATA 
 

This checklist is designed to help you to decide whether or not ethics approval is 
required and, if required, to decide on the appropriate ethics review procedure –  

please read Annex 1 on page 5 before you complete this  form 
 

 
Please Note : 

 
i) All questions on this checklist should be completed. Once completed, submit the 

checklist to ethics@bradford.ac.uk.  
 

j) Contact details (email address) should be given for PI or PS and student (if 
applicable). 
 

k) In the case of Student projects, Supervisors should read and sign this checklist (in 
the correct box – EITHER/OR – not both boxes) BEFORE it is submitted to the 
Ethics Administrator for sign off by the Chair of the Research Ethics Panel. 
 

l) Guidance on the 2 different ethics review procedures that together make up the 
University’s Ethics Review System (i.e. ‘University’ and ‘NHS’) is available on the 
University Ethics website. 
 

m) It is expected in the first instance, that if your project will involve human 
tissue/biological fluids you must contact the UoB Designated Individual for the HTA 
licence, Dr Mojgan Najafzadeh (M.Najafzadeh1@bradford.ac.uk  or on 01274 
236290) for audit purposes. 
or Joanne Mullarkey or Wayne Burrill in Ethical Tissue on 
J.Mullarkey@bradford.ac.uk,  W.Burrill@bradford.ac.uk  or on 01274 235818 for 
audit purposes and to check if it can be sourced through them. 
 

n) If this Checklist is NOT correctly completed, it will be returned to you 
unauthorised.  
 

o) Please Note:  If amendments are required after review, please submit a list of the 
changes made. Alter the original documents using ‘track changes’ or highlight what 
has been amended and re-submit the amended paperwork. This will allow the 
reviewers/Chair to easily identify what has been amended and improve the speed of 
the process. 
 

mailto:ethics@bradford.ac.uk
https://unibradfordac.sharepoint.com/sites/research-and-knowledge-transfer-support-intranet/SitePages/Homepage-Ethics.aspx?web=1
mailto:M.Najafzadeh1@bradford.ac.uk
mailto:J.Mullarkey@bradford.ac.uk
mailto:W.Burrill@bradford.ac.uk
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___________________________________________________________________
________ 
 
Project Title:  Delphi Consensus study: Expert guidance on refractive management 
of patients undergoing cataract surgery 
  
Name of Principal Investigator / Principal Supervisor: Prof David Elliott 
 
Contact Details – email address d.elliott1@bradford.ac.uk  
 
Department/School  Optometry and Vision Science 
 

Name of Student (if applicable: Emily Charlesworth 
 
Contact Details – email address e.charlesworth@student.bradford.ac.uk  
 
Please indicate which Panel you think should review your 
checklist/application:  
 
Humanities, Social and Health Sciences Research Ethics Panel (HSHS).  ��  
 
Biomedical, Natural, Physical and Health Sciences Research Ethics Panel (BNPHS).  ��  
 
Has the Principal Investigator / Principal Supervisor attended appropr iate 
ethics training? Yes�� No ��  
 
In case of student projects, please tick to confirm the following:  
 
Post-Graduate Taught programme �� Under-Graduate Taught programme �� Post-Graduate 
Research ��  
 
Please indicate any deadlines this application must meet in order for the 
student to complete their research within course 
boundaries:………………………………………….  
 
Has the student attended appropriate ethics training?  Yes��  No ��  
 
Please give summary of project ( max 150 words): 

 
A Delphi study has been developed aiming to identify and develop evidence based and practical 
guidelines for refractive management of individuals undergoing cataract surgery.  Twelve experts 
in this field will be contacted inviting them to participate. Participants will be asked to complete up 
to 5 questionnaires over 1-2 months, the number of questionnaires depends upon how many 
rounds it takes for consensus on the topic to be reached.  Each questionnaire should take 
approximately 20 mins, and total study participation should not take longer than 1.5 hours. The 
questionnaire lists recommendations which the participant marks how feasible and important the 
recommendation is on a 5 point scale.  They are then asked if they are already using this 
recommendation in practice and add any comments they think that are necessary. Taking part 
will be voluntary and any presentation of data will be anonymous. Completing and returning the 
questionnaire will be implied consent for participation.  The first round questionnaire is attached. 
 
 
 
 

mailto:d.elliott1@bradford.ac.uk
mailto:e.charlesworth@student.bradford.ac.uk
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Q1a 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q1b 
 
 
 
Q1c 

 
Is the proposed work a research  project , i.e. an ‘investigation undertaken in order 
to gain knowledge and understanding’?   (This includes work of educational value 
designed to improve understanding of the research process.)?   This may include 
surveys of current views, attitudes and opinions; especially where the 
information gathered is personal or sensitive.  
 
If you answer ‘Yes’ to Q1a ethical approval may be required, move to Q2. 
 
If you answer ‘No’ to Q1a then a research ethics review is not usually required; 
please move to question 1b and 1c.  
 
Note:  there may be occasions where a project is not defined as research but still 
raises ethical issues – please submit for review if this is the case. 
 
Is the proposed project an audit? This includes the organisation and analysis 
of data that already exists, as well as the comparison of service delivery with 
established standards (or standards in development).  
 
Is the proposed project service evaluation? E.g., does it investigate the 
functioning of existing processes or evaluate modifications to existing 
processes? This may include short anonymous surveys of user satisfaction 
that do not include sensitive or personal information.  
 
A more detailed definition of Research, Audit and Service Evaluation is available 
here.   
 
If you answered ‘Yes’ to Q1b, please explain below how humans are involved?  
 
 
 
 
 
 
 
 

 
Yes��   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
No��  
 
 
No��  
 
 

 
 
 
 
 
 

 
Q2 
 
 
 

 
Will the project involve the NHS ? 
 
If you answer ‘No’ to Q2 move on to Q3 
 
If you answer ‘Yes’ to Q2 ethical approval may be required by NHS Research Ethics 
Committee (REC), please use the Decision Tool to find out what approvals you will 
need. Please submit your IRAS checklist and application to the University via nhs-
ethics@bradford.ac.uk  for review.  You will then be informed after review that you 
have approval to submit it via the IRAS Portal for HRA approval; the process can be 
found here. 
 

 
 No
��  

 
Q3 
 
 
 
 
 
 

 
Will the project involve any of the following in the UK:  

�ƒ Testing a medicinal product  
�ƒ Investigating a Class II or higher medical device* (see 

https://www.gov.uk/government/publications/managing-medical-devices 
for further details). 

�ƒ Taking samples of human biological material (e.g. blood, tissue) 
�ƒ Prisoners or others in custodial care (e.g. young offenders) as participants 

 
No��  

 
 
 

http://www.hra.nhs.uk/documents/2016/06/defining-research.pdf
http://hra-decisiontools.org.uk/ethics/
https://unibradfordac.sharepoint.com/sites/research-and-knowledge-transfer-support-intranet/SitePages/Stages-of-UoB-Ethics-Approval-via-the-IRAS-Application-Review-Panel.aspx?web=1
mailto:nhs-ethics@bradford.ac.uk
mailto:nhs-ethics@bradford.ac.uk
https://unibradfordac.sharepoint.com/sites/research-and-knowledge-transfer-support-intranet/SitePages/Stages-of-UoB-Ethics-Approval-via-the-IRAS-Application-Review-Panel.aspx?web=1
https://www.gov.uk/government/publications/managing-medical-devices
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�ƒ Adults with mental incapacity as participants 
�ƒ Other vulnerable groups (e.g. vulnerable children) as participants 

 
If you answer ‘Yes’ to Q3 ethical approval will usually be required through a 
Research Ethics Panel, Ethical Tissue or NHS Research Ethics Committee (REC), 
or where the project includes participants that need approval under the Mental 
Capacity Act, approval will be required by the Social Care REC.  
 
If you wish to source material from Ethical Tissue at the University, they can be 
contacted on 01274 235897 or visit https://www.bradford.ac.uk/business/ethical-
tissue/ 
 
If your work involves a medical device, please state it’s Class according to the 
Medical Devices Directive (93/42/EEC) (see 
https://www.gov.uk/government/publications/managing-medical-devices *for 
further details). 
 
 
 
 
 
 
 
If you answer ‘No’ to Q3 move on to Q4 
 
 
 

 
Q4 

 
Will the project involve human participants and/or human data  
If you ticked ‘Yes’ please give details of the protocols for contacts with participants 
including: 
 

�x Details of the methodology used (for example interview or observation) 
�x Arrangements for identifying and contacting participants  
�x Arrangements for ensuring informed consent 
�x Arrangements for ensuring participants ability to withdraw  

Arrangements for accessing, storing and destroying the data  
 
 
 
 
 
 
 
 
 
 
 
 
 

�x If your project involves NHS staff as participants, please complete this 
checklist providing the details listed above at the end of the checklist 
so that a decision can be made as to whether you need to complete an 
IRAS Checklist and IRAS Application form.  

�x If an application is required it will be under the IRAS system. Please submit your 
IRAS checklist and application to the University via nhs-

 
Yes��    

 

 
 
 

The research involves questionnaires using the Delphi technique. It asks 
opinions from experts in an iterative process of answering questions.  After 
each round the responses are summarised and redistributed for discussion in 
the next round. Redistributed responses are de-identified. There will be a 
maximum of 5 rounds.  Experts known in the field will be contacted by email 
inviting them to participate.  Consent is implied in the completion of the 
questionnaires.  Participants will be informed they are free to withdraw 
anytime during the study.  Data will be stored on a password protected 
university computer. 

https://www.bradford.ac.uk/business/ethical-tissue/
https://www.bradford.ac.uk/business/ethical-tissue/
https://www.bradford.ac.uk/business/ethical-tissue/
https://www.gov.uk/government/publications/managing-medical-devices
https://unibradfordac.sharepoint.com/sites/research-and-knowledge-transfer-support-intranet/SitePages/Stages-of-UoB-Ethics-Approval-via-the-IRAS-Application-Review-Panel.aspx?web=1
mailto:nhs-ethics@bradford.ac.uk
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ethics@bradford.ac.uk  for review before submitting it via the IRAS Portal for 
HRA approval. The process can be found here. 

 
 
 
 

 
Q5a 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q5b 

 
Will the research project involve human tissue ( but not requiring NHS approval   
see Q3)? 
 
If you answer ‘Yes’ to Q5 University ethical approval is required 
 

 If your project will involve human tissue/biological fluids you must contact the UoB 
Designated Individual for the HTA licence, Dr Mojgan Najafzadeh 
(M.Najafzadeh1@bradford.ac.uk  or on 01274 236290) for audit purposes. 
or Joanne Mullarkey or Wayne Burrill in Ethical Tissue on 
J.Mullarkey@bradford.ac.uk,  W.Burrill@bradford.ac.uk  or on 01274 235818 for 
audit purposes and to check if it can be sourced through them.  You can also visit 
www.ethicaltissue.org 
 
 
If you answered ‘Yes’ to Q5a, is the human material over 100 years old and 
archaeological? 
 
If ‘YES’ please refer to the Biological Anthropology Research Centre (BARC) guidelines at 
https://www.bradford.ac.uk/life-
sciences/media/lifesciences/schooloflifesciences/ages/BARC_human_remains_policy.pdf  
 

 
No��  
 
 
 
 
 
 
 

 
 
 
 
 
 
No��  

 
If you answer ‘No’ to Q5 and have answered ‘No’ to Q2, Q3 and Q4 ethical approval is not  
required.  
 
 

 
PLEASE COMPLETE and SIGN ONE of the two boxes below  
Please email the completed checklist form together with any supporting documents 
to the Ethics Administrator (ethics@bradford.ac.uk).  Please note that we do require 
a Principal Investigator’s wet signature, before we can have the application reviewed 
by the Research Ethics Panel this can be sent or delivered to RKTS, F.24, Richmond 
Building.   
 
 
1. I have discussed this project with my student AND/OR 
2. I confirm that there are no ethical issues requiring further consideration. 
 
If you consider that ethical review is not required, please explain briefly why not, below: 
 
This is a questionnaire study using the Delphi technique requesting expert opinions 
on recommendations.  It is a short study and participation is voluntary. 
 
 
 

mailto:nhs-ethics@bradford.ac.uk
https://unibradfordac.sharepoint.com/sites/research-and-knowledge-transfer-support-intranet/SitePages/Stages-of-UoB-Ethics-Approval-via-the-IRAS-Application-Review-Panel.aspx?web=1
mailto:M.Najafzadeh1@bradford.ac.uk
mailto:J.Mullarkey@bradford.ac.uk
mailto:W.Burrill@bradford.ac.uk
http://www.ethicaltissue.org/
https://www.bradford.ac.uk/life-sciences/media/lifesciences/schooloflifesciences/ages/BARC_human_remains_policy.pdf
https://www.bradford.ac.uk/life-sciences/media/lifesciences/schooloflifesciences/ages/BARC_human_remains_policy.pdf
mailto:ethics@bradford.ac.uk
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(Any subsequent changes to the nature of the project will require that the Panel are 
informed of all changes) 
 
Signed by (Principal Investigator or Principal Supervisor (in case of student project)): 
 

Signature:  Date: 5th February 2020 
 
PLEASE PRINT NAME …David B Elliott 

 
OR 
 

I confirm that there are ethical issues requiring further consideration and will either: 
6. Refer the proposal to Ethical Tissue, or,  
7. Fill in and submit a full ethics application to be considered by the appropriate Research 

Ethics Panel, or,  
8. Fill in a generic full application where generic approval is required (i.e., an application 

that will cover several sufficiently similar research projects with similar methodology or 
projects where the difference between the tests involved is not ethically relevant).  

9. If your project involves NHS staff as participants and requires ethical approval, please 
provide details below: 

 

10.  
 

Name (Principal Investigator/Principal Supervisor): 
 
Signature: …………………………………………………………..     Date: 
……………………………. 
 
PLEASE PRINT NAME 
…………………………………………………………………………………….. 

Annex 1 
 
Ethical Scrutiny by a University Research Ethics Panel is not required if: 

 
�x The project is NOT a research project.  There may be occasions where a project 

is not defined as research but still raises ethical issues – please submit for review 
if you think this is the case. 

 
�x The research project will only involve unlinked or aggregated human data which 

was collected and which was, at the time, subject to relevant research ethics panel 
approval. 
However, where this is the case the researcher should at least confirm this in an 
email to the Research Support Unit’s Ethics Administrator so that the Ethics 
Administrator has a record and can inform the Chair of the appropriate Research 
Ethics Panel that the researcher plans to go ahead without ethics approval. The 

https://www.bradford.ac.uk/business/ethical-tissue/
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email should confirm that the research project does not require ethics approval 
because it only involves unlinked or aggregated data, which when originally 
obtained from people was obtained in accordance with the protocol as approved 
at the time by an appropriate research ethics panel. The email should also briefly 
explain how the researcher now plans to use the unlinked or aggregated data.  

 
�x The research is Public Domain Data: 
 The Economic and Social Research Council’s (ESRC) Research Ethics 

Framework states that ethics approval may not be required for data sets that exist 
in the public domain (e.g. datasets that are available from the Office for National 
Statistics or from the ESRC’s Data Archive) so long as the appropriate 
permissions from individuals have already been obtained (i.e. informed consent) 
and where it is not possible to identify the individuals from the information 
provided.  It must be remembered that public domain data is still covered by the 
laws of copyright.  

 
�x The research involves Simple Uncontentious Questionnaires: 

If a research project’s only involvement with human subjects is a simple brief 
questionnaire with uncontroversial content it may not require ethical approval.  It 
is the Principal Investigator or Principal Supervisor’s responsibility to decide 
whether a project comes under this category and must indicate this at Q.4 on the 
checklist and attach the questionnaire document for information. 

 
Guidance on supervisor and principal investigator sign off of uncontentious research 
 
Audit and service evaluation are usually uncontentious, and guidance on how to differentiate 
between research, audit and service evaluation is given at: University Ethics website.  
 
Even where a project is clearly research, as a supervisor or principal investigator, you can sign 
off simple, ethically uncontentious projects as not needing further ethical scrutiny.  To do this, 
you should consider the level of risk to participants and researchers, the level of effort required 
by participants, the level of intrusion into participants’ lives and the level of sensitivity of both 
the general subject matter and the information requested of participants. Basically, the lower 
these levels, the more likely the research is to be uncontentious and the more confident you 
should feel about signing off. 
 
The following examples may help.   
 
These studies can almost always be signed off by the supervisor or principal investigator: 
 
�x Brief questionnaires asking opinions about matters which are clearly not sensitive 

(attitudes to a product, beliefs about the usefulness of a course).   
�x Brief interviews about such topic. 
�x Observational studies about everyday behaviour in public places which involve no 

risk to subjects or the researcher. 
 
But the following studies almost always need further scrutiny by a University Ethics Panel: 
 
�x Long questionnaires (these require considerable potential inconvenience to 

subjects). 
�x Long interviews 
�x Any questionnaires which ask subjects about intimate behaviours or issue likely to 

cause distress or would in other ways normally be regarded as contentious or 
sensitive (e.g. illegal activities, attitudes to abortion, capital punishment, 
immigration, euthanasia). 

�x Any interviews which examine these matters. 

https://unibradfordac.sharepoint.com/sites/research-and-knowledge-transfer-support-intranet/SitePages/Homepage-Ethics.aspx?web=1
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�x Observational studies which involve intimate behaviours, behaviours which are not 
normally public or which might normally be considered contentious or sensitive 
(Activities of ethics committees, appointment committees, etc; professional 
consultations). 

 
Naturally, this list is for illustration only, and should not be considered in any way exhaustive, 
permissive or prescriptive.  For example, there are many categories of research not mentioned 
here which would definitely require ethics approval (e.g. treatment research).  Rather the list 
demonstrates the issue of proportionality.  Thus, even though the method may be the same for 
activities requiring and not requiring further scrutiny, the content in some way distinguishes 
between the two categories. 
 
At the same time, there is obviously some middle ground.  Are ethics committees not public?  Is 
what is discussed so sensitive that the proposal needs further scrutiny?  What about asking 
people about their views on the actions of senior members of staff in their organisation?  
Probably, it is in these middle ground areas that further advice should be sought from a Panel 
Chair about whether the project can be signed off by the supervisor or principal investigator 
alone.  Given that, in so doing, the supervisor or PI is attesting to the ethical probity of the study, 
it is usually best to err on the side of caution where there is uncertainty.  Panel chairs are very 
happy to advise. 
 
Dr Martin Brinkworth , Chair, Biomedical, Natural, Physical and Health Sciences Research 
Ethics Panel, m.h.brinkworth@bradford.ac.uk, ext. 3584 
 
Dr Clare Beckett-Wrighton, Chair, Humanities, Social and Health Sciences Research Ethics 
Panel, c.beckett@bradford.ac.uk, ext. 3521) 
 
 
 
Please submit this checklist to: 
 
Ethics Administrator, RaIS,  
F.24 Richmond Building 
in hard copy or by email to  
ethics@bradford.ac.uk  

mailto:m.h.brinkworth@bradford.ac.uk
mailto:c.beckett@bradford.ac.uk
mailto:ethics@bradford.ac.uk
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Appendix B – Questionnaires 

Appendix B1 –  Optometrist information sheet and questionnaire for 
chapter 4 and 5.  

 
 
 
 
Dear Optometrist 
 

I am an Optometrist and PhD student at the University of Bradford currently 

researching post refractive care following cataract surgery.  I am contacting 

Optometrists listed on the GOC register at random to gather information on this topic 

using a simple questionnaire.  I would be grateful if you could spare a few minutes to 

complete this questionnaire and contribute to my research.   

The purpose of this questionnaire is to assess pre and post-operative refraction 

advice given to patients undergoing cataract surgery.  Ophthalmologists will also be 

receiving a similar questionnaire in the hope that we can marry the advice 

Optometrists and Ophthalmologists give to patients to improve patient care and 

outcomes.  If you wish to do so please complete part A (4 case studies) and part B (3 

questions) which should take approximately 5-10 minutes to complete.  Please post 

back in the freepost envelope provided. 

All information provided is confidential and any subsequent presentation of data will 

be anonymous. 

This questionnaire can also be completed online if you prefer at: 

http://tiny.cc/Optometrist If you have any questions about the study or would like 

more information please contact me at e.charlesworth@student.bradford.ac.uk.  

Ethical approval for this study was granted by the Chair of the Biomedical, Natural, 

Physical and Health Science Research Ethics Panel at the University of Bradford 

(EC25722). 

Thank you for your time. 

Yours sincerely 

  

Emily Charlesworth BSc (Hons) MCOptom 
 
 

 

mailto:e.charlesworth@student.bradford.ac.uk
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Practitioner Profile 
1) Approximately how long have you been qualified 

for?…………………………………………………..... 
 

2) Is the majority of your optometric work carried out as a Resident or Locum? 

o Resident 

o Locum 
 

3) Where do you work? 

o Large multiple  

o Small multiple (less than 10 branches) 

o Independent  

o Hospital 

o University eye clinic  

o Other (please state) 
………………………………………………………………………….........
.............. 

 
 
Questionnaire Instructions 
After consideration of a patient’s history, signs, symptoms and results of all tests 

performed during the eye examination please tick the most appropriate decision that 

you would make in practice and briefly state your reason why.  Part A begins on the 

next page. 
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PART A 
1) Patient A. Case history and clinical findings 
A 65 year old retired teacher has bilateral cataracts which are impairing her vision.  
You have discussed referring her for bilateral surgery and she is happy to proceed.  
She is myopic and wears SVD for everyday wear and takes her spectacles off to 
read. 
 
RE -2.50 DS   VA 6/15+2  Add +2.50  N6 
LE -2.50 DS   VA 6/15-2  Add +2.50  N8 
At the point of referral would you discuss with Patient A their target refraction 
options?  
(E.g. an emmetropic target refraction and distance spectacle independence, or an 
myopic target refraction and near spectacle independence, or an monovision target 
refraction and spectacle independence) and state your reasons why. 

o Yes, discuss in person 

o Yes, and state preference in referral letter 

o No, leave the patient to discuss this with the Ophthalmologist / Hospital Eye 
Service 

o No discussion 

Reason for answer: 
………………………………………………………………………………………… 
…………………............................................................................................................ 
…………………………………………………………………………………………
……..                                                                                
 
2) Patient B.  Case history and findings  
A 72 years old retired builder has bilateral cataracts and he would like to be referred 
for bilateral cataract surgery.  Primarily he wears monovision contact lens with his 
RE for distance vision and his LE for near vision and likes his spectacle 
independence. 
 
RE +1.25 DS   VA 6/15-1  Add +2.50  N8 
LE +2.25 DS   VA 6/15-3  Add +2.50  N8 
 
At the point of referral would you discuss with Patient B their target refraction 
options?  
(E.g. an emmetropic target refraction and distance spectacle independence, or an 
myopic target refraction and near spectacle independence, or an monovision target 
refraction and spectacle independence) and state your reason why. 

o Yes, discuss in person 

o Yes, and state preference in referral letter  

o No, leave the patient to discuss this with the Ophthalmologist / Hospital Eye 
Service 

o No discussion 
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Reason for answer: 
…………………………………………………………………………………………
……………………………………………………........................................................ 
………………………………………………………………………………………… 
 
                                                                        
3) Patient C. Case history and clinical findings 
A 65 year old retired firefighter underwent cataract surgery on his RE 6 weeks ago 
and has attended for a new spectacle prescription.  He currently wears bifocals, is a 
driver and likes to read. 
 
Before cataract surgery Rx. 
RE +3.25/-0.75 x 88         VA 6/15-2  Add +2.50     N10  
LE +2.25/-0.50 x 90         VA 6/12+1 Add +2.50           N8  
 
Rx found during eye examination 
 RE -0.25/-0.50 x 85        Vision 6/7.5       VA 6/5           Add +2.50        N6 
 LE +2.25/-0.50 x 90        Vision 6/30-2           VA 6/12+1             Add +2.50        N8 
 
i) If patient C was undergoing surgery on his LE in 4 weeks’ time what spectacle 
advice would you give and why? 

o Wear current bifocals and update spectacles following second eye surgery 

o Update right lens in current spectacles 

o Remove right eye lens from current spectacles 

o Patch right eye lens in current spectacles 

o Patch left eye lens in current spectacles 

o Use ready readers 

o Wear no spectacles 

o Other (please specify) 
……………………………………………………………………………………… 

Reason for answer: 
…………………………………………………………………………………………
………………………………………………………………………………………… 
…………………............................................................................................................ 
                                                                            
ii) If patient C was undergoing surgery on his LE in 6 months’ time what spectacle 
advice would you give and why? 

o Wear current bifocals and update spectacles following second eye surgery 

o Update right eye lens in current spectacles 

o Remove right eye lens from current spectacles 

o Patch right eye lens in current spectacles 

o Patch left eye lens in current spectacles 

o Use ready readers 

o Wear no spectacles 
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o Other (please specify) 
……………………………………………………………………………………… 

Reason for answer: 
…………………………………………………………………………………………
………………………………………………………………………………………… 
…………………............................................................................................................ 
                                                                             
4) Patient D. Case history and clinical findings 
A 76 year old retired accountant underwent cataract surgery of his LE 7 weeks ago 
and has attended your practice today for an updated prescription and new spectacles.  
He only has mild lens changes in his RE not advanced enough for referral.  Before 
cataract surgery he wore varifocals and liked the convenience of them. 
Before cataract surgery Rx. 
 
RE +5.00/-2.00 x 90  VA 6/6-2  Add +2.50  N5  
LE +5.50/-2.00 x 91  VA 6/15-2  Add +2.50  N12 
  
Rx found during eye examination 
RE +5.00/-2.00 x 90  VA 6/6-2  Add +2.50  N5 
LE +1.50/-2.00 x 88  VA 6/5   Add +2.50  N5 
 
What spectacles would you advise for patient D and why? 

o New Varifocals 

o New Bifocals 

o New SVD and SVN 

o Other (please specify) 
……………………………………………………………………………………… 

Reason for answer: 
…………………………………………………………………………………………
………………………………………………………………………………………… 
 
Advice to patient: 
….................................................................................................................................... 
………………………………………………………………………………………… 
                                        
PART B 

1. When do you think the patients target refraction should be discussed? 

o By the Optometrist at the point of referral (direct referral) 

o By the Optometrist at the point of referral (GP referral) 

o By the Ophthalmologist / Hospital eye service 
 
 

2. How soon would you prescribe new spectacles to a patients following 
cataract surgery and please state your reason why? (please state in 
days/weeks/months) 
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............................................................................................................................

............................................................................................................................ 
 
Do any other factors influence your decision? 
………………………………………………………………………………… 
…………………………………………………………………………………
………………………………………………………………………………… 
 

3. How soon do you advise patients can drive following routine, uncomplicated 
surgery? 

…………………………………………………………………………………
…………………………………………………………………………………
………………………………………………………………………………. 
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Appendix B2 –  Ophthalmologist information sheet and questionnaire 
for chapter 4 and 5.  

 
 
 
 
 
Dear Ophthalmologist 
 

I am an Optometrist and PhD student at the University of Bradford currently 

researching post refractive care following cataract surgery.  I am contacting 

Ophthalmologists listed on the GMC register at random to gather information on this 

topic using a simple questionnaire.  I would be grateful if you could spare a few 

minutes to complete this questionnaire and contribute to my research.   

The purpose of this questionnaire is to assess pre- and post-operative refraction 

advice given to patients undergoing cataract surgery.  Optometrists will also be 

receiving a similar questionnaire in the hope that we can marry the advice 

Ophthalmologists and Optometrists give to patients to improve patient care and 

outcomes.  If you wish to do so please complete part A (3 case studies) and part B (4 

questions) which should take approximately 5-10 minutes to complete.  Please post 

back in the freepost envelope provided. 

All information provided is confidential and any subsequent presentation of data will 

be anonymous. 

This questionnaire can also be completed online if you prefer at: 

http://www.tiny.cc/Ophthalmologist 

If you have any questions about the study or would like more information please 

contact me at e.charlesworth@student.bradford.ac.uk.  Ethical approval for this 

study was granted by the Chair of the Biomedical, Natural, Physical and Health 

Science Research Ethics Panel at the University of Bradford (EC25722). 

Thank you for your time. 

Yours sincerely 

 

Emily Charlesworth BSc (Hons) MCOptom 

 

 

mailto:e.charlesworth@student.bradford.ac.uk
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Practitioner Profile 

4) Approximately how long have you been an Ophthalmologist for? 
 
………………………………………………………………………………………
………….. 
 

5) What is your gender? 

o Male 

o Female 

o Other 
 

6) Where do you work? 

o NHS 

o Private hospital 

o Both 

 
 
Questionnaire Instructions 
After consideration of a patient’s history, signs, symptoms and results of all tests 

performed please tick the most appropriate decision that you would make in practice 

and briefly state your reason why.  Part A begins on the next page. 
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PART A 
1) Patient A. Case history and clinical findings 
A 65 year old retired teacher has bilateral cataracts which are impairing her vision.  
She has been referred her for bilateral surgery and she is happy to proceed.  She is 
myopic and wears SVD for everyday wear and takes her spectacles off to read. 
 
RE -2.50 DS   VA 6/15+2  Add +2.50  N6 
LE -2.50 DS   VA 6/15-2  Add +2.50  N8 
 
Would you discuss with Patient A their target refraction options before surgery?  
Please state your reason why.  

o Yes, usually recommend an emmetropic target refraction 

o Yes, usually recommend a myopic target refraction 

o Usually accept the patients decision based on the discussion they had with 
their Optometrist 

o No discussion 

Reason for answer: 
………………………………………………………………………………………… 
…………………............................................................................................................ 
………………………………………………………………………………………… 
 
2) Patient B.  Case history and findings  
A 72 year old retired builder has bilateral cataracts and has been referred for bilateral 
cataract surgery.  Primarily he wears monovision contact lens with his RE for 
distance vision and his LE for near vision and likes his spectacle independence.  The 
referral letter indicates he would prefer a monovision target refraction. 
 
RE +1.25 DS   VA 6/15-1  Add +2.50  N8 
LE +2.25 DS   VA 6/15-3  Add +2.50  N8 
 
Would you consider a monovision target refraction for Patient B and state your 
reasons why. 

o Yes 

o No, usually recommend an emmetropic target refraction 

o No, usually recommend a myopic target refraction 

o Usually accept the patients decision based on the discussion they had with 
their Optometrist 

o No discussion 

Reason for answer: 
…………………………………………………………………………………………
………………………………………………………………………………………… 
…………………............................................................................................................ 
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3) Patient C. Case history and clinical findings 
A 65 year old retired firefighter had cataract surgery on his RE 6 weeks ago and has 
received a new spectacle prescription.  He has enquired about spectacle advice 
following surgery.  He currently wears bifocals, is a driver and likes to read. 
Before cataract surgery Rx. 
 
RE +3.25/-0.75 x 88  VA 6/15-2      Add +2.50  N10  
LE +2.25/-0.50 x 90  VA 6/12+1      Add +2.50  N8  
 
Rx found following surgery 
RE -0.25/-0.50 x 85           Vision 6/7.5           VA 6/5             Add +2.50      N6 
LE +2.25/-0.50 x 90           Vision 6/30-2           VA 6/12+1        Add +2.50      N8 
 
i) If patient C was undergoing surgery on his LE in 4 weeks’ time what spectacle 
advice would you give and why? 

o Wear current bifocals and update spectacles following second eye surgery 

o Update right eye lens in current spectacles 

o Remove right eye lens from current spectacles 

o Patch right eye lens in current spectacles 

o Patch left eye lens in current spectacles  

o Use ready readers 

o Wear no spectacles 

o Other (please specify) 
……………………………………………………………………………………… 

Reason for answer: 
…………………………………………………………………………………………
………………………………………………………………………………………… 
…………………............................................................................................................ 
                                                                          
ii) If patient C was undergoing surgery on his LE in 6 months’ time what advice 
would you give and why? 

o Wear current bifocals and update spectacles following second eye surgery 

o Update right eye lens in current spectacles 

o Remove right eye lens from current spectacles 

o Patch right eye lens in current spectacles 

o Patch left eye lens in current spectacles 

o Use ready readers 

o Wear no spectacles 

o Other (please specify) 
……………………………………………………………………………………… 

Reason for answer: 
…………………………………………………………………………………………
………………………………………………………………………………………… 
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PART B   
4. When do you think the patients target refraction should be discussed? 

o By the Ophthalmologist / Hospital eye service 

o By the Optometrist at the point of referral (direct referral) 

o By the Optometrist at the point of referral (GP referral) 
 

5. Over the last year in what percentage of patients did you aim for an 
emmetropic target refraction? 
 
………………………………………………………………………………………
……………………………………………………………………………………… 
 

6. How soon do you advise patients to get an updated spectacle prescription 
following surgery and please state your reason why?  (please state in 
days/weeks/months) 

............................................................................................................................ 

............................................................................................................................ 
 
Do any other factors influence your decision? 
…………………………………………………………………………………
…………………………………………………………................................... 
……………………………………………………………………………………….. 
 
 

7. How soon do you advise patients can drive following routine, uncomplicated 
surgery? 

………………………………………………………………………………… 
………………………………………………………………………………………
…………………………………………………….……………………………….. 
 
Thank you for taking the time to complete this questionnaire.  Please 
return in the freepost envelope provided.  
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Appendix B3 –  Information sheet and round 1 of the Delphi study 
(chapter 6)  

 

 
 
INFORMATION SHEET   
Study title: Delphi Consensus Study: Pre and post 
refractive management following cataract surgery 
What is the purpose of the study? 
The purpose of this research study aims to identify and develop evidence based and 
practical guidelines for refractive management of individuals who are undergoing or 
have recently undergone first or second eye cataract surgery.  You have been invited 
because you are a practising ophthalmologist or optometrist involved in performing 
cataract surgery or patient refractive management following cataract surgery. Your 
details have been obtained from publicly available information. 
 
Who will be carrying out the study? 
Emily Charlesworth is an optometrist and PhD student at the University of Bradford.  
The study will be supervised by Professor David Elliott and Dr Alison Alderson from 
the School of Optometry and Vision Science at the University of Bradford. 
 
Do I have to take part? 
Completing and returning the questionnaire is entirely voluntary.  If you decide to take 
part in the research study you will be asked to complete 2/3 questionnaires over the 
next 1-2 months. Returning the questionnaire will be taken as giving consent for 
participation in the study. 
 
What does participation in this research study require? 
If you decide to take part in the study you will be asked to complete a maximum of 
2/3 questionnaires.  The questions will ask you about your opinion and practices 
regarding your refractive management of individuals who have undergone cataract 
surgery.  Each questionnaire should take approximately 10-15 minutes to complete, 
and the total study participation should not take more than 1 hour.  
 
We hope to use the information we get from this research study to benefit cataract 
patients by developing best practice refractive management guidelines following 
surgery. The responses to your questionnaire will be kept anonymous and will not 
include any details that could identify you. 
 
Further info rmation 
If you would like more information about the study either before or after you have 
completed the questionnaire please contact Emily Charlesworth via email at 
e.charlesworth@student.bradford.ac.uk.   
Thank you for taking the time to read this information sheet. 
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Delphi Consensus Study: Pre and post refractive management following 
cataract surgery 

The aim is to develop refractive management guidelines following NHS monofocal 
cataract surgery that have broad agreement between ophthalmology and optometry.  
The following initial list of recommendations is based on a combination of our 
interpretation of research study evidence and expert (optometry and ophthalmology) 
opinion. The Delphi process means that recommendations are written as statements 
(not questions) and those that gain 80% or more agreement are retained, with 
amendments as suggested, while those that have less agreement are either adapted 
until consensus is reached or removed.   
Suggestions to amend these initial statements are therefore a vital part of the Delphi 
process. 
The level of evidence supporting the recommendation is given in the brackets 
following each recommendation level (Level 1 = systematic reviews, Level 2 = 
Randomised controlled trial, Level 3 = observational study, Level 4 = case studies or 
expert opinion). 
https://tinyurl.com/cataractsurgerystudy  
 
Background questions 

1) How long have you been qualified as an optometrist / ophthalmologist?  
 
 
 

2) For ophthalmologists, do you provide cataract surgery via: 
�� NHS only 

�� NHS and private  

�� Private only 
 

 
3) For optometrists, do you work in: 

�� Large multiple  

�� Independent  

�� Hospital 

�� University eye clinic  

�� Other (please state) 
……………………………………………………………………………......
............. 

 
 

4) Approximately what percentage of your cataract surgery patients are 
referred via a direct cataract referral scheme? (Put N/A if not known)   

 

 
5) Do you believe that optometrists should play a role in the provision of 

information regarding target refraction and post-operative refractive 
management of patients with cataract?  

��  Yes   �� No  

Click or tap here to enter 
 

Click or tap here to enter 
 

https://tinyurl.com/cataractsurgerystudy
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1. Organisation 
 
1.1.  Joint management can provide the best patient care if agreed protocols and 

appropriate training and remuneration are provided within a shared care system.  

 
 Yes No 
Already doing this in practice? ��  ��  

 
  Suggested statement amendments  
  and/or comments 
 
 
 
 
 
2.  Target refractive errors 
2.1 The patient must be fully informed prior to any decisions regarding their post-
operative target refractive error, including issues of cost and convenience (level 3-4 
evidence).(Webber et al. 2020; National Institute for Health and Care Excellence 
October 2017)  

 
 
 
  Suggested 

Suggested statement amendments  
and/or comments 
 
 
 
 
 
 
 
 
 
 
 

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

Click or tap here to enter text. 

Click or tap here to enter text. 
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2.2.  To fully inform the patient discussions should typically involve an initial 
preliminary discussion by the optometrist with further discussion with the 
ophthalmologist (level 3-4).(Webber et al. 2020; National Institute for Health and 
Care Excellence October 2017) 

 
 
 
   

Suggested statement amendments  
and/or comments 
 
 
 
 
 
 
2.3. Myopic patients used to reading without glasses should be made aware of the 
option of a myopic target refraction (level 3-4 evidence).(Kora et al. 1995; Hawker 
et al. 2005; Palagyi et al. 2017; Webber et al. 2020; National Institute for Health and 
Care Excellence October 2017)   

 
 
 
 

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 
 Yes No 
Already doing this in practice? ��  ��  

 
   
Suggested statement amendments  
and/or comments 
 
 

   

    
    
    

Click or tap here to enter text. 

Click or tap here to enter text. 
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2.4. Patients using a monovision approach should be made aware that this approach 
could be provided post-surgery (level 4 evidence)(Jain et al. 1996; National Institute 
for Health and Care Excellence October 2017) 

 
 
 
   

Suggested statement amendments  
and/or comments 
 
 
 
 
 
 
2.5. Patients due to receive large reductions in refractive error should be counselled 
about magnification changes.  (level 3-4 evidence). (Elliott and Chapman 2010; 
Supuk et al. 2016) 

 
 
 
   

Suggested statement amendments  
and/or comments 
 
 
 
 
 
 
 
 
 
 
 
 

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

Click or tap here to enter text. 

Click or tap here to enter text. 
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2.6. Patients should be provided with both verbal and written advice about their 
target refraction prior to surgery.  

 
 
 
   

Suggested statement amendments  
and/or comments 
 
 
 
  
3. Refractive management of patients  
3.1. Patients with significant ametropia should be offered simultaneous bilateral 
cataract surgery to avoid anisometropia after 1st eye surgery and not obtaining a 
refractive correction until after 2nd eye surgery (Level 3 Evidence).(Meuleners et al. 
2014) 

 
 
 
  

If answered yes, what percentage of surgeries are currently 
performed bilaterally?  
 
 
3.2. What level of anisometropia would you consider suggests the recommendation 
to the patient of bilateral simultaneous surgery. 
��> 1.00D  �� > 2.00D  �� > 3.00D  �� > 4.00D  �� other (please specify):  
 
 
 
3.3. What time interval between 1st eye – 2nd eye surgery would you consider it NOT 
appropriate to recommend a new spectacle lens for the operated eye. 

�� <2 weeks �� < 1 month �� < 2 months  
�� <4 months �� <8 months �� 1 year+  

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

Click or tap here to enter 
 

Click or tap here to enter 
 

Click or tap here to enter text. 
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3.4. Patients with anisometropia post 1st eye surgery should be counselled about the 
benefits and cost of prescribing a single vision balance lens (or a contact lens) to the 
unoperated 2nd eye (level 4 evidence).(Elliott 2014b; Supuk et al. 2016) 

 
 
 
   

Suggested statement amendments  
and/or comments 
 
 
 
 
 
 
3.5. Patients who intend to wear distance glasses after 2nd eye surgery should be 
counselled about the benefits and cost of a new spectacle lens for the operated eye 
between surgeries.  (level 3 evidence).(Supuk et al. 2016)  

 
 
 
   

Suggested statement amendments  
and/or comments 
 
 
 
 
 
 
 
 
 
 
 

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

Click or tap here to enter text. 

Click or tap here to enter text. 
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3.6. Patients who do not intend to wear distance glasses after 2nd eye surgery should 
be counselled about the benefits and cost of not using current spectacles during the 
interim period and using ready readers for near vision (level 4).(Webber et al. 2020) 

 
 
 
   

Suggested statement amendments  
and/or comments 
 
 
 
 
 
3.7  Patients who have had uncomplicated surgery and urgently require new 
spectacles (e.g., for driving) should be offered the option of updated spectacles 
before the current guidelines of 4-6 weeks (level 1, 3 and 4).(Charlesworth et al. 
2020) 

 
 
 
   

Suggested statement amendments  
and/or comments 
 
 
 
 
 
 
 
 
 
 
 
 

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

Click or tap here to enter text. 

Click or tap here to enter text. 
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3.8. Patients with 0.25DC or 0.50DC oblique astigmatism post-operatively should be 
counselled that not including this correction would have minimal effect on vision but 
significantly aid adaptation to new glasses (level 3 evidence).(Guyton 1977; Elliott 
2014b; Supuk et al. 2016)  

 
 
 
   

Suggested statement amendments  
and/or comments 
 
 
 
 
 
4. Driving advice following surgery 
4.1 Patients should be advised that they can drive following surgery if they feel 
confident and can see registration plate at the appropriate distance (level 4 
evidence).(England)  

 
 
 
   

Suggested statement amendments  
and/or comments 
 
 
 
 
 
 
 
 
 
 
 
 

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Yes No 
Already doing this in practice? ��  ��  

Click or tap here to enter text. 

Click or tap here to enter text. 



302 
 

 
4.2 Patients with anisometropia and/or loss of stereopsis should be advised that this 
may cause problems with driving such as judging speed and distances (level 3-4 
evidence).(Meuleners et al. 2012; Meuleners et al. 2018) 

 
 
 
   

Suggested statement amendments  
and/or comments 
 
 
 
 
 
 
4.3 Patients should be provided with both verbal and written driving advice 
following surgery.  
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Appendix B4 –  Round 2 of the Delphi study (chapter 6)  

 
 

Delphi Consensus Study: Pre and post refractive management following 
cataract surgery 

The aim is to develop refractive management guidelines following NHS monofocal 
cataract surgery that have broad agreement between ophthalmology and optometry. 
Based upon the comments from optometrists and ophthalmologists during round 1 
the list of recommendations has been amended. Four statements were removed and 
three were added. Amendments are shown in red. The Delphi process means that 
recommendations are written as statements (not questions) and those that gain 80% 
or more agreement are retained, with amendments as suggested, while those that 
have less agreement are either adapted until consensus is reached or removed.  
The level of evidence supporting the recommendation is given in the brackets 
following each recommendation level (Level 1 = systematic reviews, Level 2 = 
Randomised controlled trial, Level 3 = observational study, Level 4 = case studies or 
expert opinion). 
https://tinyurl.com/cataractround2   
 
 
 
 
1. Organisation 
1.1  Joint refractive management can provide high quality and convenient patient 
care if agreed protocols and appropriate training and remuneration are provided 
within a commissioned shared care system. 

 
  Suggested statement amendments  
  and/or comments 
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2.  Target refractive errors 
2.1 The patient must be fully informed prior to any decisions regarding their post-
operative target refractive error, including issues of IOL type, and how this will 
affect the cost and convenience of post-operative spectacle wear, if needed (level 3-4 
evidence).(Webber et al. 2020; National Institute for Health and Care Excellence 
October 2017) 

 
Suggested statement amendments   
and/or comments 
 
 
 
 
 
 
 
 
 
 
2.2.  To fully inform the patient, an ideal process is an initial discussion by the 
referring optometrist  to introduce the idea of refractive outcomes and outline options 
with further discussion with the ophthalmologist to clarify understanding and make a 
decision (level 3-4).(Webber et al. 2020; National Institute for Health and Care 
Excellence October 2017) 

 
  Suggested statement amendments  
  and/or comments 
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2.3. Myopic patients used to reading without glasses should particularly be made 
aware of the option of a myopic target refraction in NHS (monofocal IOL) referrals 
(level 3-4 evidence).(Kora et al. 1995; Hawker et al. 2005; Palagyi et al. 2017; 
Webber et al. 2020; National Institute for Health and Care Excellence October 2017)   
 

 
  Suggested statement amendments  
  and/or comments 
 
 
 
 
 
 
2.4. Patients with a history of using a monovision approach should be made aware 
that this approach could be provided post-surgery, particularly in NHS (monofocal 
IOL) referrals (level 4 evidence)(Jain et al. 1996; National Institute for Health and 
Care Excellence October 2017) 
 

 
  Suggested statement amendments  
  and/or comments 
 
 
 
 
 
 
2.5. Non-NHS options including multifocal, toric and extended depth-of-focus IOLs 
should be discussed with appropriate patients. 
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  Suggested statement amendments  
  and/or comments 
 
 
 
 
2.6. Patients due to receive reductions in refractive error greater than 2.00D should 
be counselled about the potential for anisometropic symptoms between first and 
second eye surgery (level 3-4 evidence) .7, 8 

 

 
  Suggested statement amendments  
  and/or comments 
 
 
 
 
 
2.7. Patients should be provided with both verbal and written advice about their 
target refraction prior to surgery. Ideally the latter should be a patient information 
leaflet developed by an ophthalmology and optometry team. 

 
  Suggested statement amendments  
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 3. Refractive management of patients  
3.1. If there are no contra-indications, patients with ametropia between 
approximately 2.00 to 6.00D could be offered immediate sequential bilateral cataract 
surgery (ISBCS) to avoid anisometropia after 1st eye surgery and not obtaining a 
refractive correction until after 2nd eye surgery  (Level 3 Evidence).(Meuleners et al. 
2014) 

 
  Suggested statement amendments  
  and/or comments 
 
 
 
 
 
 
 
3.2. A range of refractive options should be discussed with patients between eye 
monofocal IOL surgeries. These include (i) a new spectacle lens for the operated 
eye. (ii) Removing the lens of the operated eye from their glasses. (iii) Abandoning 
glasses and using ready readers (level 3 & 4 evidence).1,7 

 
  Suggested statement amendments  
  and/or comments 
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3.3. A time interval between 1st eye – 2nd eye surgery of less than 1 month should 
typically be considered too short to recommend a new spectacle lens for the operated 
eye. 

 
  Suggested statement amendments  
  and/or comments 
 
 
 
 
 
 
 
 
 
3.4. The benefits and cost of prescribing a single vision balance lens (or a contact 
lens) to the unoperated 2nd eye should be discussed with patients struggling with 
anisometropia post 1st eye surgery (level 4 evidence).(Elliott 2014b; Supuk et al. 
2016) 
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3.5. Patients who have had uncomplicated surgery and urgently require new 
spectacles (e.g., for driving) should be offered the option of updated spectacles 
before the current guidelines of 4-6 weeks with potential cost implications discussed 
(level 1, 3 and 4).11 

 
  Suggested statement amendments  
  and/or comments 
 
 
 
 
 
 
4. Driving advice following surgery 
4.1. Patients should be provided with both verbal and written driving advice  
following surgery, ideally as part of the information about the surgery. 

 
  Suggested statement amendments  
  and/or comments 
 
 
 
 
 
 
4.2. Patients should be advised that they can drive to their level of confidence 
approximately 1 week following surgery if they can see a registration plate at the 
appropriate distance and do not have any double vision (level 4 evidence).13 

 
  Suggested statement amendments  
  and/or comments 
 
 
 

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

 Strongly 
disagree 

Moderately 
disagree 

Neither agree, nor 
disagree 

Moderately 
agree 

Strongly 
agree 

N/A 

Important  ��  ��  ��  ��  ��  ��  
Feasible  ��  ��  ��  ��  ��  ��  

Click or tap here to enter text. 

Click or tap here to enter text. 

Click or tap here to enter text. 



311 
 

 
4.3. Patients with surgery-induced anisometropia and/or loss of stereopsis should be 
advised that this may cause problems with driving and may require a longer period 
of adaptation (level 3-4 evidence).14, 15 

 
  Suggested statement amendments  
  and/or comments 
 
 
 
 
 
 
 
4.4. Patients with further concerns about driving should be advised to see their 
optometrist. 

 
  Suggested statement amendments  
  and/or comments 
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Appendix C – Proposed study designs for Chapter 
3  
C1: Prospective study design -  1 

Aim 

The aim of the study was to determine the stabilisation of refraction following 

routine uncomplicated cataract surgery to suggest an appropriate time frame 

at which spectacles could be safely prescribed. Patients who took longer to 

stabilise would be investigated for any associated factors which may help to 

identify them in practice. 

Methods 

The proposed study design included four patient visits: pre-operatively, 1 

week, 2 weeks and 6 weeks postoperatively. Six weeks was chosen as the 

final time point as 6 weeks is the gold standard where we can be sure 

stability has been achieved as stated in the Adult Cataract Surgery 

Commissioning Guide (The Royal College of Ophthalmologists 2018). 

Automated refraction, subjective refraction, corrected and uncorrected 

distance visual acuity, central corneal thickness (CCT) and keratometry 

would be measured on all participants at each time point in the study. All 

measurements would be obtained by an experienced optometrist. 

Automated refraction would include five consecutive measurements 

performed on the surgical eye. This would allow for intra-individual 

differences so a mean, standard deviation and 95% confidence limits can be 

created for each individual (Brown and Lovie-Kitchin 1993). Subjective 

refraction would be carried out by one optometrist. 
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Uncorrected and corrected distance visual acuity would be measured using 

an ETDRS logMAR chart as they provide the most reliable and discriminative 

VA measurements, and the gold standard for clinical research (Lovie-Kitchin 

2015). Visual acuities in logMAR allow for easier statistical analysis as the 

measurement is of a linear scale with a normal distribution (Wild and Hussey 

1985; Elliott 2016).  VA measurements would be recorded using a per-letter 

scoring system.  There would be a termination rule where the per-letter 

scoring system would be counted until the participant gets four or more 

letters incorrect on one line (Carkeet 2001).  Five visual acuity 

measurements would be obtained to estimate each patient’s variability and 

establish each patient’s own 95% criterion for change (Brown and Lovie-

Kitchin 1993).  Visual acuity would be measured with a standard illuminance 

of ideally 160 cd/m2 and within the range of 80-320 cd/m2.   

Pachymetry measurements would be measured after 10 am to ensure that 

corneal oedema induced by sleep has dissipated (Lattimore et al. 1999).   

Pre-operative refraction, target refraction, IOL used, and intra ocular lens 

power calculation would be recorded for each participant to check if any of 

these factors were associated with refractive stability. Cataract density would 

be recorded using the Lens Opacities Classification System III (Chylack et al. 

1993).  Effective phacoemulsification time would be noted at the end of 

surgery. This is calculated by multiplying the total phacoemulsification time 

by the percentage power used.   

A plan of each visit is shown in the table below. 
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Pre-op At time of Surgery 1 week 2 weeks 6 weeks 

5 

autorefraction 

measures 

Nidek ARK-

510A (Nidek 

Co. LTD, Aichi, 

Japan). 

Classification and 

grade of cataract 

using LOCS III 

5 

autorefraction 

measures 

Nidek ARK-

510A (Nidek 

Co. LTD, 

Aichi, Japan). 

5 

autorefraction 

measures 

Nidek ARK-

510A (Nidek 

Co. LTD, 

Aichi, Japan). 

5 

autorefraction 

measures 

Nidek ARK-

510A (Nidek 

Co. LTD, 

Aichi, 

Japan).– 

Gold 

Standard  

Subjective 

refraction 

measured by 

one optometrist 

using a trial 

frame a trial 

lenses 

IOL used Subjective 

refraction 

measured by 

one 

optometrist 

using a trial 

frame a trial 

lenses 

Subjective 

refraction 

measured by 

one 

optometrist 

using a trial 

frame a trial 

lenses 

Subjective 

refraction 

measured by 

one 

optometrist 

using a trial 

frame a trial 

lenses 

CCT Formula used to 

calculate IOL 

power 

CCT CCT CCT 

Keratometry Effective 

phacoemulsification 

time 

Keratometry Keratometry Keratometry 

Uncorrected 

and corrected 

Visual acuity 

measured by 

one optometrist 

using a Snellen 

chart (Nidek 

 Uncorrected 

and corrected 

Visual acuity 

measured by 

one 

optometrist 

using a 

Snellen chart 

Uncorrected 

and corrected 

Visual acuity 

measured by 

one 

optometrist 

using a 

Snellen chart 

Uncorrected 

and corrected 

Visual acuity 

measured by 

one 

optometrist 

using a 

Snellen chart 
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Co. LTD, Aichi, 

Japan). 

(Nidek Co. 

LTD, Aichi, 

Japan). 

(Nidek Co. 

LTD, Aichi, 

Japan). 

(Nidek Co. 

LTD, Aichi, 

Japan). 

Table showing a plan on each visit for prospective study design 1. 

 

Inclusion and exclusion criteria 

Adults undergoing first or second eye uncomplicated phacoemulsification 

cataract surgery for age-related cataracts would be included in the study.  

Only one eye per patient would be included to avoid biological similarities 

between the two eyes (Armstrong 2013). Patients receiving toric or multifocal 

IOLs would be excluded from the study.  Patients would be excluded if they 

have ocular co-morbidities such as glaucoma, uveitis, diabetic retinopathy, 

corneal or retinal pathology which could lead to automated refraction 

miscalculation and previous ocular surgery or trauma.  Patients requiring 

sutures would also be excluded from the study.  Informed consent would be 

obtained from all participants before surgery and all participants would be 

treated in accordance with the Declaration of Helsinki. 

A target sample size of 95 was calculated using Peduzzi and colleagues 

formula (Peduzzi et al. 1996) of  N=10 k/p ((10x9)/0.95 = 95), where k is the 

number of covariates accounted for and p is the likely proportion of positive 

cases (number of patients likely to have a stable refraction 1 week after 

surgery). The number of identified covariates is nine. Due to our systematic 

review (chapter 2) highlighting a large change in cylinder and/or axis from 

pre-op to 1-week post-op we wanted to design two models. One would 

include the change in J0 and J45 from pre-op to 1-week post-op and the other 

would include the change in J0 and J45 from pre-op to 2 weeks post-op. The 
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seven remaining covariates would stay the same in both models: pre-

operative refraction in vector form M (D), J0 (D), J45 (D), central corneal 

thickness (CCT) (µm), corneal astigmatism measured via keratometry (D), 

visual acuity (logMAR), age (years), cataract density (LOCS III), and effective 

phacoemulsification time (EPT) (seconds).The variable “p” was calculated 

based on a study by (Edwards et al. 1997) where spectacles were prescribed 

one week after cataract surgery and then followed up 3-4 months later to see 

if new spectacles were needed.  Eighty-four out of the 88 patients had a 

stable refraction one week after surgery therefore p was calculated as 0.95 

(84/88)  as this is the likely proportion of patients to have a stable refraction 

two weeks after surgery. 
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C2: Prospective study design -  2  

Our second study design was more representative of refractive management 

in a clinical setting. (Edwards et al. 1997) prescribed spectacles to 88 

patients one week following cataract surgery and reviewed them 3 to 4 

months later to assess if the patient was happy with their spectacles or if 

they required an updated prescription. We suggested a similar study design, 

which would enable us to look at refractive stability from a clinical and patient 

point of view. Patients would undergo subjective refraction 1 week following 

surgery and then provided with new spectacles at no cost to that 

prescription. After 3-4 months, the patients would return and be refracted 

once again. They would then be asked “Are you satisfied with your current 

glasses that you received one-week after your surgery, or would you prefer 

to have another pair of glasses using the prescription that we determined 

today? There will be no cost for the new glasses.” A comparison would be 

made of the differences in subjective refraction for those deemed to have a 

stable refraction (patient satisfied with one-week glasses) and those deemed 

to have an unstable refraction (patients unsatisfied with one week glasses 

and provided with a second pair). Again, pre-operative refraction, target 

refraction, IOL used, intra ocular lens power calculation, cataract density and 

morphological type (Lens Opacities Classification System III), (Chylack et al. 

1993) and effective phacoemulsification time would be recorded for each 

participant to determine whether any of these factors were associated with 

refractive stability. 

Target sample size and inclusion and exclusion criteria would include those 

from study design 1 with the addition of one new exclusion criteria. Any 
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patients left with 3.00D of anisometropia would be excluded from being 

prescribed spectacles at one week post-operatively due to a high chance of 

non-tolerance with the spectacles (Freeman and Evans 2010). 

A plan of each visit is shown in the table below. 
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Table showing a plan on each visit for prospective study design 2. 

 
 
 

Pre-op At time of Surgery 1 week 6 weeks 

Subjective 

refraction 

measured by 

one optometrist 

using a trial 

frame a trial 

lenses 

Classification and 

grade of cataract 

using LOCS III 

Subjective 

refraction 

measured by one 

optometrist using a 

trial frame a trial 

lenses 

Subjective 

refraction 

measured by one 

optometrist using 

a trial frame a trial 

lenses 

CCT IOL used CCT CCT 

Keratometry Formula used to 

calculate IOL power 

Keratometry Keratometry 

Uncorrected and 

corrected Visual 

acuity measured 

by one 

optometrist 

using a Snellen 

chart (Nidek Co. 

LTD, Aichi, 

Japan). 

Effective 

Phacoemulsification 

Time 

Uncorrected and 

corrected Visual 

acuity measured 

by one optometrist 

using a Snellen 

chart (Nidek Co. 

LTD, Aichi, Japan). 

Uncorrected and 

corrected Visual 

acuity measured 

by one 

optometrist using 

a Snellen chart 

(Nidek Co. LTD, 

Aichi, Japan). 

  Prescribed 

spectacles based 

on 1-week 

subjective 

refraction 

Assess whether 

there is a clinical 

significance 

between 

refraction at 1-

week and 6-

weeks. 
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Appendix D – Dissemination of research 

Appendix D1 – Published paper (Chapter 2)  
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Appendix D2 – Published paper (Chapter 4) 
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Appendix D3 –  Published paper (Chapter 6)  
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Appendix D4 – Poster present ed at the British Congress of Optometry 
and Vision Science. The University of Manchester , Manchester, UK, 11 th 
and 12 th September 2019.  
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Appendix D5 – Poster presented at the American Academy of 
Optometry Conference, Boston, USA, 4 th November 2021.  
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