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ABSTRACT 

Cataract is an extremely prevalent condition of the crystalline lens that leads to progressively poor 

vision. It creates a huge burden for the current health service in New Zealand that is faced with 

increasing demands for high-quality vision. Fortunately, it is readily treatable with phacoemulsification 

cataract surgery, which is the preferred and most common technique of treatment in New Zealand. 

This procedure is highly successful but there are occasional complications that may lead to poorer 

visual outcomes and longer recovery. This thesis sets out to assess the success and complications of 

contemporary phacoemulsification cataract surgery in New Zealand. The primary hypothesis is that 

the introduction of a preoperative risk stratification system can reduce intraoperative complications 

and improve surgical outcomes in a public teaching hospital setting. 

A simple standardized preoperative risk stratification system, based on patient and ocular risk factors 

associated with intraoperative complications in phacoemulsification cataract surgery, was 

implemented into routine clinical practice to calculate a risk score for each case. The scores were 

indicative of the risk of an intraoperative complication and were used to help allocate higher risk 

cases to senior surgeons with appropriate experience and skill. Following risk stratification, the 

intraoperative complication rates reduced considerably. However, the effect on postoperative 

complication rates and visual outcomes were not statistically, although potentially clinically, significant. 

Visual improvements following phacoemulsification surgery are not only affected by complications but 

may be significantly limited by residual astigmatism. A sub-group analysis of cases that received a 

toric intraocular lens to concurrently manage astigmatism at time of cataract surgery revealed under-

utilisation of this technique in the New Zealand public teaching hospital setting. Variation in 

measurements and lens calculations resulted in a slight over-correction of astigmatism on average 

but patients achieved similar visual outcomes to cases that had less astigmatism and received a 

spherical intraocular lens. 

A study of the longitudinal trends of corneal transplantation performed over the last 25 years to treat 

pseudophakic bullous keratopathy revealed a reduction in this longer-term complication of cataract 

surgery in New Zealand. The trend followed numerous modifications to phacoemulsification cataract 

surgery since its introduction to New Zealand in the late 1980s.  

In conclusion, there was a decreasing rate of adverse outcomes following phacoemulsification 

cataract surgery and changing trends in their treatment in New Zealand. Preoperative risk 

assessment and stratification, coupled with appropriate case allocation, provided further reduction in 

intraoperative adverse outcomes in a public teaching hospital setting. Thus, it is anticipated that the 

preoperative risk stratification system will become a part of the standard of care across New Zealand 

to provide safer surgery to more patients. 
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1.1 NORMAL ANATOMY OF THE ANTERIOR SEGMENT 

1.1a Historical overview 

The crystalline lens is an ocular structure that has confused and enthralled many of the greatest 

minds in the history of science. Likely based on earlier Greek descriptions, Aulus Cornelius Celsus 

likened the lens to an egg white in De Medicina (AD 30), the most complete surviving roman medical 

text.1 However, he, like many others, mistakenly placed the lens in the centre of the globe and 

expressed that visual function originated from the lens.1 This belief was held for many years 

afterwards, by the likes of Claudius Galen (AD 130-200), who also believed that the principal organ of 

sensation in the eye was the crystalline lens.2 But Galen placed the lens more anteriorly near the 

pupil and also recognized that the lens was more flattened on the anterior than the posterior surface.1,

3

Years later, Leonardo da Vinci (1452-1519) rejected the view that the lens was the primary sensory 

organ of the eye and depicted the lens as focusing incident light directly onto the optic nerve.4 In De 

Humani Corporis Fabrica (1543), Andreas Vesalius (1514-1564) finally demonstrated that the 

crystalline lens acted like a convex lens.4 This script largely replaced Galen’s writings and became the 

standard for human anatomy in Europe.4 However, many scientists and physicians continued to 

debate the position of the lens even into the 17th century.  

The anatomist Felix Platter (1536-1614) and his nephew, Felix Platter ll (1605-1671) concluded that 

the retina was the primary sensory organ in the eye while the astronomer Johannes Kepler (1571-

1630) explained the role of the cornea and lens in refraction.4 The Jesuit mathematician, physicist and 

astronomer Christoph Scheiner (1575-1650) was one of the first to accurately represent the eye in his 

Oculus hoc est.4 He presented how images fall on the retina as well as how the curvature of the lens 

changed during accommodation.4  

By the early 17th century, the microscope allowed numerous new observations to be made of the eye. 

Antoine van Leeuwenhoek, a pioneer in microscopy, discovered the fibrous structure of the lens 

amongst other details of the eye.4 

“The glory of ophthalmology in the 18th century was the establishment of facts relating to the true 

position of the crystalline lens together with the nature of ‘cataract,’ and the successful extraction of 

cataract in the modern sense” - Burton Chance (1817-1905).5 

In 1692, during an examination of a deceased patient, Antoine Maitre-Jan (1650-1725) confirmed his 

suspicions about cataract – that it was opacities within the lens.4 In his time, it was still believed that a 

cataract was a membrane or humour that formed between the iris and the lens.4 He then examined 

the lens with chemical fixation and described its true onion-like structure. 
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1.1b Macroscopic anatomy of the anterior segment 

Beyond the protective orbit and lids, the eyeball, or globe, has an antero-posterior (axial) length of 21 

– 26 mm, a vertical diameter of approximately 23 mm and a horizontal diameter of 23.5 mm.6-8 It has

a total volume of 6 – 7 mL.6-8 The anterior segment of the eye consists of the cornea, conjunctiva,

anterior sclera, aqueous humour, iris, ciliary body and crystalline lens.6 (Fig. 1.1)

Figure 1.1 The gross anatomy of the adult human eye. 

The crystalline lens is a transparent biconvex structure that separates the anterior and posterior 

segments of the eye.7 In its resting (non-accommodative) state in an emmetropic eye, it provides 

around 19 - 21 dioptres (D) of refractive power, which is replaced with an artificial intraocular lens 

(IOL) during cataract surgery.7-11 The central points on the anterior and posterior surfaces of the lens 

are termed the anterior and posterior poles respectively.7 The line through these poles is the axis of 

the lens and the marginal circumference of the lens is termed the equator.7  

At birth, the lens measures 6.0 - 6.5 mm in diameter at the equator and 3.0 - 3.5 mm from the anterior 

to the posterior pole.7, 8, 11 The lens continues to grow and becomes more curved, measuring 9.0 - 

10.0 mm in diameter and 3.6 - 6.0 mm antero-posteriorly in adults.6, 7, 11, 12(Fig. 1.2) The radius of 

curvature of the anterior surface is 8.0 – 14.0 mm and the posterior surface is 4.5 – 7.5 mm. It is 

enclosed in an elastic capsule of extracellular matrix that is thickest at the equator (17 - 28 µm) and 

thinnest at the posterior pole (2 - 3 µm).6, 7, 11 Near the equator of the lens, radial non-elastic 

microfibrils named the zonules of Zinn embed into the capsule.7, 11 The other end of the zonules 

suspend the lens 0.5 mm from the ciliary body, behind the iris and in front of the vitreous humour.7, 11 

Inside the capsule, the lens can change shape but not lose its form. During accommodation, the 
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muscles of the ciliary body contract to reduce the tension on the zonules, allowing the lens to take a 

natural relaxed shape (i.e. more spherical).7, 11  

Figure 1.2 Scheimpflug image of an adult cornea (central thickness = 0.57 mm), anterior chamber 
(central depth = 3.02 mm) and crystalline lens (central thickness = 3.61 mm) on cross-section. 
(Courtesy of Prof. CNJ McGhee)  

The cornea is another transparent, avascular, convex structure that measures 10.5 – 11.0 mm 

vertically by 11.5 – 12.0 mm horizontally in an adult.6-8, 11, 13 The radius of curvature of the anterior 

surface is about 7.7 mm and the posterior surface is more curved with a radius of curvature of 6.8 – 

6.9 mm.7, 9, 11 The cornea is thinnest in the centre (0.50 - 0.60 mm) and becomes thicker towards the 

periphery (0.67 – 0.70 mm).6-8, 11, 13 It is also flatter in the periphery – more so nasally and superiorly 

than temporally or inferiorly.7, 9, 11  

The iris divides the space between the cornea and the crystalline lens into the anterior and posterior 

chambers.7, 11 The anterior chamber is typically 3.0 – 3.6 mm antero-posteriorly in the deepest central 

portion with a volume of 0.20 – 0.25 mL.6-9, 14, 15(Fig. 1.2) The posterior chamber is a cavity (0.06 mL) 

bordered by the iris, ciliary body, lens and zonules.7, 8  

The iris in itself is a thin, pigmented, contractile diaphragm that controls the pupil size or aperture 

through which light enters before the lens.6, 11The sphincter muscles of the iris constrict the pupil in 

response to parasympathetic stimulation while the dilator muscles, innervated by sympathetic nerves, 

dilate the pupil.6, 7, 11 

A ring of tissue posterior to the root of the iris and anterior to the choroid is named the ciliary body. 6, 7 

As mentioned previously, the ciliary body modifies the shape and power of the lens but the epithelium 

of this structure is also responsible for producing aqueous humour, which provides nutrients for the 

avascular lens and cornea.6, 7, 11 The aqueous passes from the ciliary processes through the pupil into 

the anterior chamber then the majority exits at the junction of the iris and cornea (iridocorneal angle).6, 

7  In health, the aqueous humour is clear and also maintains the optical shape of the anterior 
segment.7  
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The differences in indices of refraction between air (1.000), cornea (1.376) and aqueous humour 

(1.336) result in bending of light rays at each interface. This provides the cornea with 43 – 44 D of 

refractive power.7, 9, 11 There are also differences in refractive indices between the aqueous humour, 

crystalline lens (1.420) and vitreous humour (1.336).7, 11, 16 In reality, the lens is not optically 

homogeneous - the centre of the nucleus has a higher refractive index (1.406) than the peripheral 

poles (1.385) and equator (1.375).9, 16, 17 But the refractive index must be higher (1.420) than the 

maximum (1.406) when assuming a uniform thickness, a uniform refractive index and the same radius 

of curvature for the anterior and posterior surfaces.17 It follows that the crystalline lens has an effective 

power of around 15 - 16 D in a reduced eye [the difference in total refractive power between a phakic 

(58 – 60 D) and an aphakic (43 – 44 D) eye]. However, the lens is positioned behind the cornea as 

only one part of a larger refracting system of the eye. When in isolation from this system, the actual 

power of the lens is closer to 19 - 21 D as mentioned previously.9, 16   

1.1c Microscopic anatomy and physiology of the lens 

In the human embryo, the surface ectoderm on the side of the head thickens to form a lens placode at 

22 – 27 days’ gestation.6, 7 The lens placode then invaginates to become a lens vesicle - a single 

layer of cells covered by basal lamina.6, 7 On the posterior surface, the cells elongate into primary lens 

fibres that are filled with crystallins – proteins that make them transparent.6, 7 The apices of these 

fibres grow toward the anterior lens epithelium and the nuclei at the apices form the nuclear bow.7 As 

the primary lens fibres become attached to the anterior lens epithelium, they lose their nuclei.7 

Mitotic division of the anterior lens epithelium at the equator produces secondary lens fibres.6, 7 The 

fibre cells are 10 – 12 mm long but do not run completely from the anterior to the posterior surfaces.6, 

7 They run a curved U-shaped course between anterior and posterior sutures where fibre ends come 
into apposition.6, 7 Concentric layering of new fibres throughout life form a gradual transition from the 

central nucleus to the outermost cortex where fibres are still nucleated.7 Lens fibres do not perish and 

give the lens a laminated appearance on cross-section.7(Fig. 1.3) 

Figure 1.3 Cellular structure of the adult crystalline lens. 
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In an adult lens, the embryologic nucleus accounts for 4% of the total lens thickness, fetal nucleus 

49%, juvenile nucleus 9%, adult nucleus 21%, and the cortex accounts for 17%.7, 11, 12 The outermost 

nucleus or innermost cortex is termed the epinucleus.7  

The rapid growth of the fetal lens is supported by the hyaloid artery.7 However, the adult lens has no 

blood supply or innervation. Instead, it relies on the aqueous humour, and the vitreous to a lesser 

degree, for supply of nutrients and elimination of waste.11, 18 This occurs by diffusion through the 

capsule, which is the true basement membrane of anterior epithelial cells and posterior fibre cells 

lining the outer surface of the lens.11, 12, 18 The capsule, composed of type IV collagen, only permeates 

low molecular weight compounds and restricts large colloidal substances.7, 18  

The single layer of cuboidal lens epithelial cells and the outer cortex have the highest metabolic 

rates.11, 12 They assist in transcellular transport of electrolytes, carbohydrates and amino acids via 

active transport using oxygen and glucose.11, 12 The older fibre cells closest to the centre of the lens 

have the lowest metabolic rate but lens fibres are tightly packed against each other by interlocking of 

their plasma membranes with numerous gap junctions to allow passage of nutrients to the inner 

fibres.7, 8 They have a few small vesicles, microfilaments, microtubules, and the occasional 

mitochondrion in the cytoplasm but these are fragmented and lost with further development.7 The 

fibre cells produce water-soluble intracellular lens proteins (crystallins), which form 60% of their mass 

and generate a high refractive index.7, 11 Furthermore, the lens becomes more dense and less pliable 

as fibres are laid down.7 The capsule also thickens with age, further reducing lens pliability.7 

1.2 AETIOLOGY OF CATARACT 

Cataract is a condition where the lens becomes hard and cloudy, impairing vision.7, 12 It accounts for a 

third of the world’s blindness and 18% of moderate to severe visual impairment.19 Cataract has been 

described since the time of Ancient Egyptians who documented cataract as “darkening of the pupil” 

and “white disease of the eye”.20 Around the time of Hippocrates’ death (340 BC), it was believed the 

liquid lens became solid only as the result of disease.21 Celsus called cataract hypochyma - a 

thickening or condensation of fluid that clots between the iris and the lens.2 This was translated to 

suffusion by the Romans, “downpour of water” by the Arabs, and later translated back into Latin as 

gutta opacta or cataracta.22  

There are various explanations for the development of cataract. A healthy clear lens has structural 

proteins grouped into alpha, beta and gamma crystallins.23 As individual proteins, these are too small 

to cause significant light scatter but when they aggregate in the ageing or cataractous lens, they 

produce millions of light-scattering foci.23 The aggregation of high-molecular-weight cytoplasmic 

proteins with subsequent binding of these aggregates to cellular membranes has been proposed in 

the aetiology of nuclear cataracts.23, 24 
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In metabolic disorders, such as diabetes and galactosaemia, the sugars sorbitol and galactitol 

accumulate in the cytoplasm as they are too large to pass through the plasma membranes.11, 23 Water 

enters the cell following an osmotic gradient, causing the epithelial and fibre cells to swell.11, 23 The 

index of refraction of the lens changes due to the accumulation of fluid, resulting in subcapsular 

and/or cortical cataracts.11, 23 The intra-cellular and inter-cellular accumulation of fluid also causes 

light-scattering and opacification of the lens.23 Therefore, it is important to use balanced salt solutions 

during intraocular surgery in order to avoid inadvertently inducing cataract in this manner.23 

Oxidative stress is another mechanism by which a cataract is induced.23, 25-27 An imbalance of 

oxidants and antioxidants in the lens causes an accumulation of hydrogen peroxide.23 This then 

deactivates sulfhydryl-dependent enzymes and forms protein-protein disulphide bridges that make 

protein aggregates, form chromophores that change the lens colour, and disrupt cell membranes.23 

Oxidative stress is discussed in further detail later in this chapter. 

There are many categories of cataract that share these pathological processes and they can be 

largely grouped into age-related, congenital, traumatic, metabolic, and others that form part of a 

syndrome or other disease entity. Although older age has by far the strongest association with the 

development of cataract, other consistently reported risk factors include diabetes, ultraviolet-b 

radiation, corticosteroids, trauma and smoking.28-36 Understanding these risk factors is important for 

the development of risk reduction strategies that aim to slow down the development of cataract or 

treat cataract with minimal complications. Cataracts may be described according to their various 

locations, appearances, pathology and/or risk factors. Hereafter, the various types of cataract are 

described according to aetiology. 

1.2a Age-related cataract 

With advancing age, the lens increases in weight and thickness and decreases in pliability.11 

Furthermore, the metabolic transport of antioxidants reduces, as does the activity of antioxidant 

enzymes such as glutathione peroxidase.37-39 These changes lead to the development of age-related 

cataracts in different parts of the lens – mainly nuclear, cortical and posterior subcapsular.11, 28, 31, 33-36 

However, these locational sub-categories are not limited to senile cataracts.  

Nuclear cataract

Growing lens fibres compress the nucleus, making it less pliable (nuclear sclerosis) and causing 

extreme light scatter.12, 40 With age, metabolic products start accumulating within the lens fibres of the 

nucleus furthest from the capsule, where metabolic activity is lowest. There is a resultant increase in 

reactive oxygen species and free radicals in the lens that can cause oxidative damage.39, 41-43 Free 

radicals formed during normal cellular metabolism may lead to polymerization and cross-linking of 

proteins and membrane lipids. This in turn forms water-insoluble proteins that aggregate and scatter 
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light, causing opacification of the lens.11, 44 They also disrupt the osmotic balance between the lens 

and aqueous humour, causing influx of fluid.7 Lens proteins within the nucleus also become 

chemically modified and produce pigmentation, causing yellow or brown (brunescent) cataracts.6, 45  

For patients, nuclear cataracts tend to progress slowly in both eyes. They generally affect distance 

vision more than near because the hardening of the lens can cause an increase in refractive power 

and a resultant myopic shift (lenticular myopia).46 This can sometimes give ‘second sight’ to hyperopic 

eyes.11 The change in refractive index between a nuclear sclerotic cataract and the cortex can cause 

monocular diplopia in some patients.11 The yellow/brown nucleus can also result in poor hue 

discrimination.11 

Cortical cataract 

Cortical cataracts take the form of opaque spokes from sharp clear fluid clefts between the lens fibres, 

or wedge-shaped cuneiform opacities from clear lamellar separations (also known as cortical 

spokes).47(Fig. 1.4) Mechanical sheer forces between the soft cortex and the increasingly hard 

nucleus may contribute to sharp limited cortical ruptures with radial spokes.47 

Figure 1.4 Slit-lamp photographs of cortical cataract. (Courtesy of Prof. CNJ McGhee) 

When the cell wall of the lens fibres breaks down, cytoplasmic proteins (Morgagnian globules) are 

released. As the cataract matures, these globules coalesce and replace the entire cortex, forming a 

Morgagnian cataract where the nucleus is floating in liquid cortex.48-50  

The accumulation of high-molecular-weight proteins under the lens capsule causes influx of water and 

tension within the capsule. This can lead to a hypermature cataract where lens proteins leak through 

microscopic openings in the capsule, leaving a hard shrunken nucleus and ruptured zonules that may 

spontaneously dislocate.12, 49 This can also cause a non-granulomatous inflammatory response. 

Furthermore, the inflammatory debris may obstruct the trabecular meshwork together with 
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macrophages that phagocytose exposed proteins, leading to a rise in intraocular pressure (IOP) and 

phacolytic glaucoma.49, 51 Mild trauma can also rupture the tense capsule and cause phaco-antigenic 

endophthalmitis.51 Fortunately, spontaneous rupture of the capsule is extremely uncommon.49, 52 

Crystalline deposits of cholesterol, lipids, calcium or other compounds have also been found in the 

deep cortex and they can sometimes give the appearance of a Christmas tree, hence the term 

“Christmas-tree cataract”.53 This is a well-known ocular manifestation of myotonic dystrophy and can 

also be associated with phacolytic glaucoma.53, 54 

Commonly, cortical cataracts produce symptoms of glare and monocular diplopia especially at night 

when the pupil becomes dilated and the cataract is uncovered.11, 46 During cataract surgery, there is 

an increased risk of uncontrolled capsular tears due to excess tension inside the capsule. This may 

be relieved by aspirating the liquefied lens with a needle through the anterior capsule for 

decompression,55 or aspirating through an initial small capsulorhexis that is later enlarged for removal 

of the nucleus (i.e. a two-staged capsulorhexis).56 

Posterior subcapsular cataract 

Posterior subcapsular cataracts develop from degeneration of posterior cortical cells and subsequent 

proliferation of peripheral epithelial cells that attempt to replace these degenerate cells.57 The lens 

epithelial cells become swollen after aberrantly migrating to the posterior pole and are called bladder, 

or Wedl, cells.58  

Posterior subcapsular cataract generally starts as a subtle iridescent sheen in the cortical layers just 

inside the posterior capsule then develops into focal granular opacities and later a plaque.11(Fig. 1.5)  

A dense plaque can be difficult to remove safely during cataract surgery without causing a posterior 

capsule tear but may be amenable to subsequent posterior capsulotomy.11 They generally occur in a 

younger age group following injury to the lens, inflammation, medications such as corticosteroids, 

ionizing radiation, alcohol or various systemic conditions such as diabetes mellitus but can also be 

idiopathic.11, 31, 33-36, 59-61

They may produce glare and poor vision in brightly lit conditions and affect near vision more than 

distance.11 These symptoms generally develop over as shorter period in comparison to nuclear or 

cortical cataracts because they tend to develop in the visual axis. 
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Figure 1.5 Slit-lamp photographs of posterior subcapsular cataract seen on (A) slit-beam and (B) 
retro-illumination.  

1.2b Congenital cataract 

Congenital cataracts are usually bilateral and are present at birth or noted shortly afterwards.12 They 

are termed according to the apparent pattern and stage of development during which the cataract 

develops.  

An injury to the lens in the first 2 months of gestation can cause a small central opacification named 

an embryonal nuclear cataract.11, 12 With congenital zonular cataracts, opacities develop in one layer 

surrounded by a layer of clear lens.11, 12 A fetal nuclear cataract results from an injury around the third 

month of gestation, thus is situated between the anterior and posterior Y-sutures or at the sutures 

(sutural cataract).11, 12 An injury later in gestation may be seen with secondary branching patterns.12  

Other patterns include a concentric layer around the nucleus, termed perinuclear or lamellar zone 

cataracts.11, 12 Anterior polar cataract results from fibrous metaplasia of the anterior lens epithelium.12 

A pyramidal cataract protrudes forward into the anterior chamber with hyperplasia of the embryonal 

pupillary membrane.12 Persistent hyperplastic primary vitreous can form a disc-shaped opacity 

(posterior polar cataracts) on the posterior pole, which can cause degeneration of the posterior 

subcapsular cortex and opacification.11, 12(Fig. 1.6) Posterior polar cataracts have been associated 

with a significantly higher risk of complications during cataract surgery, namely pre-existing or 

imminent posterior capsule dehiscence and spontaneous lens dislocation.62 This form of cataract has 

been associated with autosomal dominant inheritance although sporadic cases have also been 

described.63 

Many hereditary multisystem syndromes feature cataract, some of which are congenital, including 

galactosaemia and Lowe’s syndrome.64-66 Increased or decreased gene expression in lens epithelial 

B A 
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cells may play an important role in these types of cataract.13 In other hereditary conditions, such as 

neurofibromatosis type 2 and Werner syndrome, the cataract develops early in childhood or the 

third/fourth decade of life.11 Mutations in lens-specific genes are associated with hereditary 

cataracts.67 These mutations may produce abnormal proteins that interfere with normal proteins and 

disrupt their normal function.67 Although the responsible gene is not yet identified, inheritance of a 

single dominant gene is thought to account for more than 50% of the risk of cortical cataracts and 35 - 

50% for nuclear cataracts.11 

Figure 1.6 Slit-lamp photographs of posterior polar cataract. (Courtesy of Prof. CNJ McGhee) 

Cataract may also form in the fetus as a manifestation of congenital rubella syndrome secondary to 

maternal infection with the rubella virus.11 There may be pearly white opacification of the nucleus and 

liquefied cortex or the entire lens may be opaque (complete cataract).11 Live virus particles released 

from this cataract may cause a severe inflammatory response following cataract surgery.11 

1.2c Traumatic cataract 

Severe blunt non-perforating injuries may cause lens epithelial dysfunction that leads to oedema of 

cortical fibres, their degeneration and a lamellar zone of vacuolization.12 The resultant cataract may 

appear immediately or later as stellate opacities or a flower-shaped pattern in the cortex or 

capsule.12(Fig. 1.7) A small perforation of the lens capsule may heal, only giving rise to a focal cortical 

cataract. However if the cortex is exposed, the lens rapidly swells and may extend through the 

perforation to cause a granulomatous inflammatory response of the nucleus and opacification of the 

entire lens.12 Lens epithelial cells that become displaced outside the capsule regenerate and 

proliferate in the anterior chamber, attached to the lens surface or iris stroma (Elschnig pearls).12  

Epithelial cell degeneration secondary to trauma or irritation can also cause fibrous plaques inside the 

anterior capsule. These fibrous plaques may intervene with normal cortex to form a ‘reduplication 

cataract’.12  
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Figure 1.7 Slit-lamp photographs of traumatic cataract. (Courtesy of Prof. CNJ McGhee) 

In addition to mechanical forces, intraocular foreign bodies can also induce cataracts.11, 12 Toxicity 

from ionized iron molecules causes degeneration of tissues – primarily the lens epithelium, trabecular 

meshwork, iris and retina – and is termed siderosis bulbi.68, 69 The lens epithelium and cortex may 

become yellow or rusty brown (siderosis lentis), later forming a complete cortical cataract in some 

cases.12 

Copper intraocular foreign bodies or Wilson’s disease can cause chalcosis and a ‘sunflower cataract’ 

with yellow/brown pigmentation of the anterior lens capsule radiating out to the equator.11, 70, 71 The 

intraocular copper can also cause severe inflammatory reactions and intraocular necrosis.11 

Severe alkaline chemical injuries increase the pH of the aqueous humour and decrease glucose and 

ascorbate levels.11 This can trigger an acute or delayed development of cortical cataracts.11 

The lens is also very sensitive to ionizing radiation, which can damage the deoxyribonucleic acid 

(DNA) in capsular epithelial cells, affecting cell mitosis and protein transcription.72 There is a 

cumulative effect so the dose of radiation, period of exposure, and the age of the patient determine 

when the cataract develops, which may be years after initial radiation. This type of cataract usually 

appears as punctate opacities within the posterior capsule or feathery anterior subcapsular opacities 

that radiate to the periphery.73, 74 They can also progress to complete opacification of the lens.73  

Furthermore, infrared radiation and heat can cause cobweb-like cortical cataracts and rarely 

exfoliation of the anterior lens capsule thus, it is crucial for glassblowers, and others with similar 

occupational hazards, to wear protective eyewear.11, 12 Long-term ultraviolet radiation can also cause 

cortical cataracts.60, 74, 75 Electric injuries may cause direct protein coagulation and the subsequent 

cataract may regress, or otherwise progress to complete whitening.76, 77 

Following a vitrectomy, 60-95% of patients develop nuclear cataracts within 2 years, thought to be 

due to disruption of the vitreous body and increase in oxygen tension in the vitreous.11 However, 
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some posterior opacities following vitrectomy are only transient.11 Hyperbaric oxygen therapy is also 

related with nuclear sclerosis and an associated myopic shift. Again, some revert after cessation of 

therapy.11 

Traumatic cataracts may be prevented by raising public awareness of the aforementioned risk factors 

and encouraging wide shatterproof eyewear at the workplace, sports facilities and home for protection 

against mechanical, chemical, thermal and radiation damage to the eye. Wide-brimmed hats, 

ultraviolet-protective sunglasses and limiting the hours of sun exposure should also be encouraged to 

reduce the risk of cataract.11, 78

1.2d Metabolic cataract 

The association between diabetes mellitus and cataracts is widely reported.28, 31, 33-36, 60, 61, 74, 79-81 

When there is an increased level of glucose in the aqueous humour, some of it is converted into 

sorbitol, which is slowly metabolized and accumulates in the lens cell cytoplasm.82-84 The resulting 

osmotic pressure gradient causes lens fibres to swell and induces apoptosis of lens epithelial cells.82-

84 Also, the glycation of lens proteins and subsequent increase in free radicals and oxidative stress 
leads to earlier onset of age-related changes in diabetic patients.27, 31, 83, 85 With uncontrolled 

diabetes, there may be abrupt onset of widespread grey-white subcapsular opacities giving rise to a 

‘snowflake cataract’ in young people.82 Vacuoles and clefts may form in the underlying cortex also. A 

mature or hypermature cataract can form within hours in acidotic diabetes if hyperglycaemia is 

reversed too quickly, due to a rapid influx of water that tries to balance the huge increase in sorbitol.23  

Galactosaemia is an inherited inability to convert galactose to glucose.11, 64, 66 This results in an 

excess of galactose and its metabolite, galactitol within lens cells.11 As in diabetes, there is an 

increase in osmotic pressure and subsequent influx of fluid into lens cells.11, 12  This gives rise to the 

typical ‘oil droplet’ appearance as the nucleus and deep cortex becomes opaque.11 Although 75% of 

those affected develop bilateral cataracts within the first few weeks of life, others may develop 

cataracts later, depending on the specific enzyme affected.11, 64, 66 

Tobacco smokers have a three-fold increase in risk of developing cataract, likely due to their lower 

antioxidant levels, more reactive advanced glycation end-products and direct toxicity from heavy 

metals.28, 31, 35, 74, 86, 87 The Age-Related Eye Disease Study (AREDS) reported tobacco to be 

associated with cortical opacities while the Los Angeles Latino Eye Study associated it with nuclear 

opacities.28, 31 Thus, smoking cessation should be strongly advised, especially in patients with other 

risk factors, such as diabetes mellitus, which is also aggravated by smoking.88, 89 

Hypocalcaemia can also cause punctate iridescent anterior and posterior cortical opacities separated 

from the capsule by a zone of clear lens.11, 33  
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1.2e Medication-induced cataract 

Some medications, including those routinely used in Ophthalmology, can cause cataract as a side-

effect. All forms of corticosteroid (topical, subconjunctival, inhaled or systemic) are associated with 

posterior subcapsular cataracts, which is related to induced gluconeogenesis and oxidative stress.34,

71, 90 Typically, the cataract development is dependent on the dose and duration (cumulative drug 
exposure) of treatment thus may be delayed by regularly reviewing the use and effect of medications 

and aiming for the minimum required dose and length of treatment.11, 72 

Anticholinesterases, often used as miotics, can cause small vacuoles within the anterior lens capsule 

and epithelium.11, 72  They may progress to posterior cortical and nuclear cataracts.72  Frequent dosing 

over a long period of time increases this risk.72  

Precipitates of amiodarone, an antiarrhythmic cardiac medication that is also known to cause 

retinopathy and keratopathy, may be seen as white/yellow anterior subcapsular stellate pigment 

deposits following long-term use.11, 91  However, it is rare for them to be visually significant.11, 91   

1.2f Cataract associated with other ocular conditions 

Chronic uveitis or its treatment with corticosteroids can cause posterior subcapsular cataract, 

thickening of the anterior lens capsule and/or a fibrous pupillary membrane.11 The anterior lens 

capsule or lens substance may contain calcium deposits.11 Of particular note, 70% of patients with 

Fuchs' heterochromic uveitis develop cortical cataracts.11  

Pseudoexfoliation is a systemic condition where greyish white fibrillogranular material is deposited in 

multiple tissues, including the lens capsule, being particularly prominent at the pupillary margin.(Fig 

1.8) Abnormalities in the transforming growth factor b (TGF-b) proteins increase oxidative stress and 

contribute to the development of cataract. It can affect one or both eyes and becomes more obvious 

with age. It is often associated with zonular weakness, phacodonesis, spontaneous lens subluxation, 

poor dilation of the pupil, and capsular fragility, considerably increasing the risk of complications in 

cataract surgery.11 
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Figure 1.8 White fibrillogranular material deposited on the pupillary margin in pseudoexfoliation 
syndrome. (Courtesy of Prof. CNJ McGhee) 

Posterior subcapsular cataracts may also develop secondary to degenerative ocular conditions such 

as retinitis pigmentosa, essential iris atrophy and absolute glaucoma.11 Although the pathogenesis is 

not clear, they seem progressive, leading to complete lens opacification over time.11  

More acutely, sudden severe elevation of IOP can also cause focal epithelial cell necrosis and create 

greyish anterior subepithelial lens opacities in Glaukomflecken.92 Ocular ischaemia, as in Takayasu 

arteritis and Buerger disease can cause posterior subcapsular cataracts, often resulting in rapid total 

lens opacification.11 

1.3 GRADING OF CATARACTS 

There are several different systems of grading cataracts largely based on type and severity. They 

help classify cataracts in a standardized manner based on brunescence (change in colour) and 

opalescence (opacification of the lens due to light scatter). Brunescence and opalescence have a 

strong correlation with the hardness of the nucleus, thus are important in the preoperative 

assessment of cataracts.93, 94  

Most systems utilize slit-lamp photography to document nuclear changes and retro-illumination 

photography for front-on images to document cortical and posterior subcapsular opacities. Trained 

graders or clinicians then compare these images to a standard set of photographs of increasing lens 

opacity and estimate the percentage area involved using standard grids (manual analysis). Otherwise 

the images may be digitized for computer processing. 

The AREDS System for Classifying Cataracts From Photographs uses photographs taken by certified 

photographers which are then graded by trained and certified observers.95 This system was used for 

standardized long-term data collection across 11 centres. However, its utility is limited like many other 
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systems as it was primarily developed to grade early cataracts and the required personnel and 

consumables that are not readily available in the clinical setting.95 

The validated Lens Opacities Classification System III (LOCS III) is more commonly utilized in 

scientific studies.96 The grader estimates the extent of cortical and subcapsular cataracts by 

comparison with a standard set of photographs. The degree of opalescence and the colour of the 

nucleus are graded separately through comparing slit-lamp bio-microscopy observations to another 

set of photographs. This system has been reported to potentially improve preoperative planning for 

phacoemulsification surgery by predicting the amount of ultrasound energy and irrigation fluid 

required.93, 94

Figure 1.9 The Lens Opacities Classification System lll. (Adapted image, Chylack et al., 1993)93 

The Wisconsin System for Classifying Cataracts compares slit-lamp photographs to a standard set of 

four photographs, resulting in a 5-grade scale of nuclear cataracts.97, 98 Cortical and posterior 

subcapsular cataracts are estimated based on the percentage area involved of each of the eight lens 

segments and a separate (ninth) central circle using a grid.97, 98 These results are then categorized 

into three levels of total percentage involvement.97, 98  

The Hopkins system uses a similar technique for grading nuclear opacity and nuclear colour.99 

However, cortical opacities are graded using a grid divided into 16 pie-shaped sectors and the 

proportion of the circumference of the lens obscured by opacity is estimated.99 The posterior 

subcapsular opacity is measured in square millimetres using a photographic scale.99 
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Another system, the Oxford Clinical Cataract Classification and Grading System (OCCCGS) grades 

individual morphological features seen via slit-lamp bio-microscopy against standard diagrams.100  

 

Standardized grading of cataracts may be helpful in assessing treatment response in pharmaceutical 

trials, documenting natural progression, comparing variants in epidemiological studies, as well as 

explaining the type and severity of cataracts to patients. Further grading systems were developed to 

objectively and automatically grade cataracts using Scheimpflug image analyses.96 Semi-automated 

methods of grading help process digitized images much faster than manual methods and may be 

useful in assessing the progression of cataracts for a large number of patients at a major centre.101 

Furthermore, standardized methods of grading may be a valuable tool in preoperative risk 

stratification, for example to note a dense cataract so that the surgeon may adequately prepare for 

the increased risk of surgical complications.102 
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CHAPTER 2 

Evolution of Cataract Surgery: 
Ancient to Contemporary 
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2.1 INTRODUCTION 

Removal of cataract is one of the oldest recorded surgical procedures and certainly one that has 

undergone numerous developments over the last 2 millennia and more.22, 103, 104 The demand for this 

treatment continues to grow with an ageing population and the increasing visual requirements of the 

modern man that necessitate operations at lower levels of visual impairment.105-109 Based on the 

World Health Organization definition of cost-effectiveness, this is among the most cost-effective 

interventions in the world, with a gain of 1.776 quality-adjusted life years (QALY) per patient and 

costing around US$2020 per QALY.110 Although this routine operation is highly effective and 

successful, the occasional severe complication can be blinding. Even less severe complications can 

increase ocular morbidity and reduce vision, leading to increased costs for additional services and 

burden to patients. With an estimated 32 million cataract operations per annum by year 2020,  this will 

be the most common surgical procedure performed in the world, therefore continued efforts to reduce 

these significant complications are essential.106 

2.2 COUCHING 

The first known description of cataract surgery dates back to around 800BC when couching was 

described in ancient Indian Sanskrit manuscripts ascribed to Sushruta.22, 111, 112 However, the 

operations are likely to have been performed much earlier in India and some scholars debate that the 

first cataract surgery may actually have been performed in Ancient Egypt.22, 113 Similarly, historical 

reports on other methods of cataract surgery over the years vary in their description of when and who 

performed them first.22, 113, 114 

Aulus Cornelius Celsus (25BC – AD50), a Roman physician in the time of Emperor Nero, clearly 

documented the exact guidelines on how and when to perform couching.22, 115 The patient was seated 

facing the sun and the assistant held the patient’s head tightly from the back. The physician sat 

opposite them on a higher stool in a brightly-lit room. The other eye was covered with wool. The 

needle was applied perpendicular to the ocular surface between the corneal limbus and external 

canthus. Once inside the eye, the needle was turned to push the cataract toward the lower pupillary 

margin.(Fig. 2.1)  

Whilst couching was commonly accepted in Europe, around AD1000, the Arabian surgeon Ammar ibn 

Ali al-Mawsili introduced direct aspiration of the lens material through a hollow needle placed into the 

eye.1, 11, 22, 116, 117 Celsus and the Arabian surgeons sometimes used a needle to cut or fragment the 

cataract as a complementary or substitute procedure to couching, usually in cases where the cataract 

rose back up to the pupil.22 Later in the 1780s, reclination was proposed as an alternative method.22 

In this version of couching the lens was pushed backwards into the vitreous.22(Fig. 2.2) 



Figure 2.1 Depiction of couching in 
'Ophthalmodouleia, der Augendienst' by Bartisch G., 
1583.118 (Adapted image, Wellcome Library, London, 
CC BY 4.0.) 

Figure 2.2 Portrait of Japanese doctors performing reclination cataract surgery, 1850. 
(From: http://www.snof.org/encyclopedie/history-ophthalmology-japan) 

In the early 1700s, Blankaart reportedly extracted the lens out of the eye through a superior corneal 

incision and Charles St. Yves spooned out the cataract through  an  inferior corneal incision.117 

However, couching remained as the standard method of treatment for cataracts until the late 18th 

century when extracapsular cataract extraction (ECCE) was propagated.104, 119 
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2.3 INTRACAPSULAR CATARACT EXTRACTION (ICCE) 

Alongside developments in ECCE, Samuel Sharp performed the first documented intracapsular 

cataract extraction (ICCE) in 1753, removing the lens with an intact capsule using pressure from his 

thumb.22, 104, 120, 121 Thickening or adhesions of the anterior capsule to the liquefied cataract may have 

led to unintentional extraction of the entire lens together with the capsule.22 An Austrian surgeon, 

Georg Joseph Beer, published in 1799 certain advantages of ICCE in comparison to ECCE including 

faster healing, superior postoperative vision and avoidance of “aftercataract” that developed from 

proliferation of cortical lens material remaining after an ECCE.22, 120, 122  

During ICCE, the lens was delivered through the wound with pressure, traction (using loops, forceps, 

suction cup, erysophake, electro-coagulation electrode, or hooks) or rotation, and the aid of 

mechanical or chemical zonulolysis.104, 123-127 In 1917, Ignacio Barraquer in Barcelona developed the 

first erysophake to extract a cataract by suction.11, 22, 120(Fig. 2.3A) Following on from him, in 1958, 

Joaquin Barraquer used a-chymotrypsin to dissolve the zonular fibers and assist smoother extraction 

of the cataract.11, 22, 128, 129 A dedicated cryo-extraction probe was invented by Tadeusz Krwawicz of 

Poland in 1961, which facilitated better grasp of the lens than forceps or other suction methods.22, 125, 

130 The modern cryoprobe was devised by Charles Kelman in 1962 (also the inventor of 
phacoemulsification) and used to ‘freeze’ the cataract within the capsule and extract the complex 

attached to the probe en-bloc.11, 104, 130-133(Fig. 2.3B) In 1965, Dr Percy Amoils, a South African 

Ophthalmologist and biomedical engineer, developed a more versatile and popular cryoprobe that 

could be applied at room temperature. This version offered almost instantaneous freezing and 

rewarming by expansion of compressed carbon dioxide gas and was also used to treat retinal 

detachments as in the case of Margaret Thatcher, the then  Prime Minister of the United Kingdom.134 

Figure 2.3 Intraoperative images of intracapsular cataract extraction (ICCE) using (A) an erysophake 
and (B) a cryoprobe about to form an ice ball that fuses the lens complex to the cryoprobe. (Courtesy 
of Barraquer Clinic and Prof. CNJ McGhee) 

Although more controlled to-and-fro movements were adopted to gently break the zonular adhesions, 

vitreous loss and retinal detachments were fairly common during the lens delivery, more so than with 

ECCE.11, 120, 131 Various rotational motions were applied in the 20th century by Hermann Knapp and 

A B 
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Frederick Verhoeff in the Unites States to break the zonular fibres and allow the lens to slide out 

without pressure or traction.11, 22  

Since the 1970s, ECCE has largely replaced ICCE as it provided more controlled surgery through a 

smaller incision and an intact posterior capsule that reduced the risks of vitreous loss, retinal 

detachments and cystoid macular oedema (CMO) whilst providing greater support for an artificial 

IOL.127, 135-138 However, ICCE may still be used for unusual cases with a subluxated lens, extremely 

dense cataracts, exfoliation or pseudoexfoliation.11, 127, 139  

In a typical case of ICCE, the surgeon creates a conjunctival flap to expose 160 - 180° of the 

corneoscleral limbus for a 10 - 12 mm incision. Sutures are pre-placed across this incision and an 

iridectomy or iridotomy is performed. Then, a-chymotrypsin is injected into the posterior chamber 

through the pupil to digest/weaken the zonular fibres. The superior surface of the lens is exposed and 

dried using a cellulose sponge so that the cryoprobe can be positioned on the anterior lens capsule 

and the lens delivered, attached to the cryoprobe. An anterior chamber lens may be inserted after the 

pupil is constricted using acetylcholine. Alternatively, a posterior chamber lens may be fixated to the 

iris or sclera. The large wound is sutured closed.11, 121 

2.4 EXTRACAPSULAR CATARACT EXTRACTION (ECCE) 

The French surgeon, Jacques Daviel, was reportedly faced with a patient who went blind in his only 

eye after Daviel performed couching.22, 121, 140 This led the surgeon to develop a new method of 

extracting the cataract (extracapsular) that ultimately replaced couching and continues to be used 

today following several modifications.121, 141 Around 1747, Daviel created a semi-circular lower limbal 

incision to remove the cataract out of the eye.1, 11, 117, 142(Fig. 2.4) However, this technique required 

much skill and initially resulted in frequent failure due to purulent infection; uveal, vitreous, or retinal 

prolapse; or inflammation from remaining lens fragments.11, 22  

Figure 2.4 Semi-circular lower limbal incision in early 
extracapsular cataract surgery. (Adapted image, Daviel J., 
1753)143
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The Austrian surgeons, Beer, Jaeger, and their students, further developed the ECCE method.22 A 

superior semi-circular corneal flap (covered by the upper lid for additional protection) was used to 

extract a mature cataract, whereas, fragmentation was recommended for a soft cataract. “Superb” 

vision was achieved in 50% of cases, allowing the patient to execute almost any task and the rate of 

endophthalmitis dropped to around 10%.22 

Another ground-breaking step was performed by Albrecht von Graefe in 1864 – a linear corneal 

incision that reduced the amount of wound gape and reduced subsequent endophthalmitis rates to 2 - 

3%.22, 144 He also performed an iridectomy to avoid complications following iris prolapse and 

glaucoma.22, 144

With a growing number of available techniques, surgeons chose the method that was best-suited to 

the characteristics of the eye and patient. The well-established couching method was still chosen over 

extraction in unusual cases and the linear incision with peripheral iridectomy in ECCE was preferred 

for cases with a shallow anterior chamber, posterior synechiae or for patients with severe cardiac or 

pulmonary compromise.22  

The development of IOLs paralleled, but lagged, behind the various surgical techniques since 1795 

when the German oculist Casaamata first attempted implantation of a glass IOL to address 

aphakia.131 However, the weight of the glass lens frequently resulted in it dropping down from the 

central visual axis.131 Decentration, dislocation, iris atrophy, inflammation and glaucoma were 

common complications following IOL implantation.145 Sir Harold Ridley is widely acknowledged to 

have implanted the first successful IOL, made of lighter yet rigid, inert polymethylmethacrylate 

(PMMA), in London in 1949.131, 146 Acrylic lenses, especially with the later improved edge designs, 

improved optical quality and reduced the initial problems of haloes. In 1952, Baron of France 

implanted the first anterior chamber intraocular lens (ACIOL) that prevented dislocation into the 

vitreous. Many modified IOL designs followed, including the plastic tripod ACIOL by Strampelli of 

Rome that Peter Choyce further developed. Edward Epstein fixated the lens to the pupil with the 

Collar-Stud lens. However, the closed-loop IOLs utilized in the 1970s and early 80s often led to failure 

from chronic inflammation and bullous keratopathy, as discussed in later chapters. In 1967, Binkhorst 

changed the biconvex optic to a convex-plano structure to reduce obstruction of aqueous through the 

pupil, increase the accuracy of the IOL power calculation and theoretically reduce spherical 

aberration. This became the shape of most IOLs by the 1970s but the biconvex design was superior 

for silicone IOLs. Binkhorst also devised the iridocapsular design of iris clip lenses in the early 

1970s.145  

One of the most popular IOL designs used today, the compressible open-loop posterior chamber 

intraocular lens (PCIOL), was developed by Shearing of Las Vegas in the late 1970s.145 This was a 

modification of the first open-loop ACIOL designed by Barraquer of Barcelona. In the 1980s, Thomas 

Mazzacco started folding silicone IOLs to implant them through smaller 3.5 mm incisions.145 This was 



25 

a majoy breakthrough in cataract surgery and through the 1990s, even less rigid and foldable lenses 

made of acrylic and silicone gained popularity.104, 131 The newer lens designs allowed cataract surgery 

to be completed through a smaller wound and supported newer surgical techniques, such as 

phacoemulsification.131 Nowadays, one can not only treat aphakia but may concurrently address 

astigmatism, presbyopia and higher-order aberrations (HOA) using spherical, aspheric, multifocal, 

and toric IOLs.147(Fig. 2.5) The evolution of IOLs enabled great leaps in the advancement of cataract 

surgery and continues to evolve in an effort to provide improved visual outcomes following cataract 

surgery. 

Figure 2.5 Intraocular lens designs: (A) Intraoperative image of an anterior chamber IOL, (B) slit-lamp 
photographs of a multifocal IOL on retro-illumination, and (C) an iris-clip IOL.  
(Courtesy of Prof. CNJ McGhee)  

In the latter half of the 19th century, ether was routinely used for general anaesthesia in all cataract 

operations making it much more tolerable for the patients and reducing difficulties associated with 

surgical manoeuvres.22 Since Carl Koller discovered the local anaesthetic effect of cocaine in 1884, it 

was rapidly accepted worldwide for ophthalmological procedures.22, 148, 149 In the same year, Herman 

Knapp used a retrobulbar injection of cocaine, recognizing its additional akinetic effects.22, 150 

Peribulbar anaesthesia largely replaced retrobulbar anaesthesia in the 1980 - 1990s.151, 152 Sub-

Tenon’s anaesthesia was also introduced in 1990, avoiding complications of sharp needles in the 

retrobulbar space.153-156 Surgeons and anaesthetists have since widely adopted these simple and 

reliable techniques.153-156  

Recently, shorter surgical times have supported the revival of topical anaesthesia with or without 

intracameral anaesthetics delivered through the wounds that avoid the discomfort and complications 

of injections.104, 156-163  However, it may be reserved for specific patients and experienced surgeons 

who can sufficiently cooperate with incomplete akinesia of the eye.157-159   

During the same period, sterilization techniques greatly improved, reducing the incidence and severity 

of infections.11, 22 Following World War II, major developments in microsurgical methods and 

magnification devices, particularly the introduction of operating microscopes for ophthalmic purposes 

in the 1950s, increased the visibility of ocular structures, enabling advanced intraocular surgical 

techniques and placement of fine sutures in the wound.22, 131   

A B C 
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2.4a Traditional extracapsular cataract extraction 

Nowadays, the term ECCE is widely used to refer to the traditional method of extracapsular 

extraction. This often involves an 8 – 12 mm superior scleral flap or tunnel positioned 2 - 3 mm 

posterior to the limbus.11, 127, 135 A 6 – 7 mm anterior capsulotomy is performed using a can-opener 

technique or smooth forceps-assisted technique.131, 135 The nucleus is manually expressed by 

pressing on the inferior limbus to prolapse the superior pole out of the capsular bag into the anterior 

chamber.11 The lens is loosened up with a hook or fluid irrigation (hydrodissection).11 A lens loop, 

spoon or vectis is then passed underneath the nucleus whilst hydrodissection continues to lift it up.11, 

135 Once the nucleus is up against the internal lip of the wound, forceps may be used to lift the 
anterior lip of the scleral wound or to press the posterior lip to and assist delivery of the nucleus 

caught with the lens loop/spoon/vectis.135  

The surgeon may also mechanically fragment the nucleus for removal through a smaller incision.11 

Temporary sutures may be placed to form smaller wound segments.11, 135 An automated or manual 

irrigation/aspiration device can be used for removal of the cortex through these wound segments.135 

In very soft cataracts, the whole cataract may be aspirated in this manner using a single or bimanual 

irrigation/aspiration device.131 Some aspiration devices also have a “capsule vacuuming” or 

“polishing” mode that gently removes residual cortex from the capsule.11, 135 Viscoelastic material may 

be used to inflate the capsular bag or the ciliary sulcus for safe IOL insertion.11, 135 After releasing one 

or two sutures from the wound, the IOL is inserted using forceps or a pre-loaded injector.135 The 

scleral wound is closed using a running or multiple interrupted sutures and the conjunctival flap is 

closed over the scleral wound with interrupted dissolvable sutures or wet-field coagulation forceps.11, 

135 

Traditional extracapsular extraction may be still indicated in some cases where the anterior capsule is 

torn or phacoemulsification is impractical, such as with a dense nucleus, poor pupil dilation, posterior 

synechiae, or suspicion over zonular integrity such as in pseudoexfoliation, trauma or vitrectomised 

eyes.131, 135, 164 The technique can also be performed through a limbal or clear corneal incision 

depending on surgeon preference. However, improved phacoemulsification technology, individually 

tailored techniques, and devices to expand pupils and stabilise the capsular bag allow 

phacoemulsification to be performed in a wider range of complex cases.11,145,309,313-318 Most 

importantly, the method of cataract extraction should be governed by the case but also the 

competence of the surgeon in different methods as not all surgeons will be experienced in all 

methods. 

2.4b Small incision cataract surgery (SICS)

Small incision cataract extraction (SICS), manual small incision cataract surgery (MSICS), or 

sutureless extracapsular cataract extraction (SECCE) was first described by Blumenthal in 1992.165,
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166  It is a modification of the traditional extracapsular technique that utilizes a longer, straight scleral 

tunnel with a smaller 5 – 7 mm external incision.115, 167 A triangular or circular capsulotomy is created 

with a needle and the nucleus is subluxed or tumbled into the anterior chamber using irrigation 

fluid.166, 168 The irrigating cannula may assist in gently lifting the nucleus toward the scleral tunnel as 

well as pushing on the posterior lip of the tunnel to open it for easier delivery.168 An irrigating vectis 

may be used instead of the cannula to lift and draw out the nucleus from the anterior chamber.168 The 

nucleus may sometimes be delivered in fragments with or without the intention of the surgeon.168, 169 

This method avoids the need for sutures as the smaller wound is generally self-sealing.115, 167, 168 

The advantages of a small incision include a more controlled anterior chamber, reduction in surgically 

induced astigmatism (SIA) and fewer suture-related infections.170-172 In comparison to ECCE, SICS in 

India provided better visual acuity to more patients at a slightly reduced cost and with no significant 

difference in complications.173, 174  

In comparison to phacoemulsification, the learning curve is reportedly gentler with SICS but this is 

likely dependent on the educational settings.170, 175-177 Studies from Nepal, India and China report 

similar rates of endothelial cell loss, posterior capsule rupture (PCR) and CMO as phacoemulsification 

cataract surgery.175, 176, 178-181 Although posterior capsule opacification (PCO) occurred more 

frequently (up to 40%), this was partly attributed to PMMA IOLs used with SICS in developing 

nations.182, 183 Postoperative astigmatism was generally worse than with phacoemulsification but 

comparable if a scleral tunnel was made with SICS.176, 179 Overall, unaided visual acuity (UAVA) was 

worse but best-corrected visual acuity (BCVA) was similar to phacoemulsification.176, 178, 179, 184  

As SICS avoids the need for expensive phacoemulsification machines and associated disposables, it 

is widely used in developing nations.174-176, 182, 184 But in Britain, phacoemulsification resulted in better 

visual acuity with fewer complications and was more cost-effective in the long-term.185 SICS may be 

useful even in developed urban settings for dense or intumescent cataracts, which have a higher risk 

of PCR, zonular dialysis and corneal endothelial damage when using phacoemulsification.177, 183, 186, 

187 On the other hand, phacoemulsification may be advantageous in cases of small pupils, 
phacodonesis and/or pseudoexfoliation to avoid added zonular stress during tumbling of the nucleus 

into the anterior chamber in SICS.183 

2.4c Phacoemulsification cataract surgery 

The revolutionary phacoemulsification technique was introduced by Charles Kelman in 1967.22, 127, 131, 

188, 189 This modification of the extracapsular extraction uses an ultrasound-emitting probe to fragment 
the cataract inside the capsular bag.131 The fragments are then extracted by aspiration via the same 

probe.131 It allows a much smaller wound (2.2 – 3.2 mm) improving the intraoperative anterior 

chamber stability and effectively reducing the risk of infection, early postoperative inflammation, 
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postoperative recovery time, PCO and SIA, thereby providing more stable postoperative refractions 

than the traditional ECCE.127, 131, 190-192  

Typically, a 2.8 – 3.2 mm incision is made in the peripheral clear cornea or the sclera to enter the 

anterior chamber. One or two smaller (1.1 mm) paracenteses are created (two 1.1 mm paracenteses 

may be used for phacoemulsification using the bimanual technique without a separate larger incision 

but one requires to be enlarged for IOL insertion).11,145,266-268 The anterior chamber is filled with 

viscoelastic device to maintain stability. A cystotome and/or forecep is used to create a 4 – 6 mm 

continuous curvilinear capsulorhexis in the anterior lens capsule.(Fig. 2.6) A cannula is passed under 

the edge of the capsulorhexis and balanced salt solution is injected to hydrodissect or hydrodelineate 

the nucleus. After phacoemulsification of the nucleus, the cortex is aspirated using a single or 

bimanual irrigation/aspiration device. The capsular bag is inflated with viscoelastic material and a 

foldable IOL is inserted with forceps or a dedicated IOL injection device, ensuring both haptics are 

placed inside the capsule. Corneal wounds may be hydrated for closure while scleral wounds are 

covered with conjunctiva. Occasionally a suture may be required for watertight closure.

Figure 2.6 Still images from a surgical video demonstrating key steps of phacoemulsification cataract 
surgery: (A) anterior capsulorhexis using forceps, (B) phacoemulsification of nucleus, (C) bimanual 
irrigation and aspiration of cortex, and (D) injection of a foldable single-piece acrylic intraocular lens 
into the capsular bag. 

This technique rapidly gained popularity - in New Zealand (NZ), phacoemulsification was introduced 

in 1988 and was utilized for almost all cases in 1997 by 70% of surgeons and by 95% of surgeons in 

2000.193, 194 Similarly, in the United States, phacoemulsification became the most preferred technique 
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from 1990 and nearly all surgeons utilized it by the year 2000.127, 135 Kelman continuously improved 

his original technique to reduce the initial problems of damage to the corneal endothelium, which does 

not regenerate, and the resultant postoperative corneal oedema.131 Modifications including tri-planar 

and ‘on-axis’ corneal incisions helped reduce the risk of infections and SIA.131, 195-198 Such meticulous 

small incisions and precise handling of instruments inside the eye were possible under newer 

binocular operating microscopes, as mentioned previously. The first motorized zoom, focus and X-Y 

controls on the operating microscope were introduced in 1970, allowing attention to minute details in 

the eye.145 Smaller incisions reduced astigmatic effects, improved stability in the anterior chamber 

during surgery and also reduced complications of wound leaks, iris prolapse or incarceration and 

infection.11 With better visualization, microsurgical sutures as fine as 0.01 - 0.02 mm in diameter (11/0 

or 10/0) could be used to close wounds, if required, reducing irritation, astigmatic effects and 

infections. As visual outcomes following surgery became more predictable, astigmatism-correcting 

toric IOLs, accommodative and multifocal IOLs were introduced to fine-tune refractive outcomes. The 

smaller wound also promoted the development of foldable IOLs and high volume cataract surgery 

under simple and reliable sub-Tenon’s or peribulbar anaesthesia.127, 131, 135 The size of the IOL and 

phacoemulsification probe have dictated the size of incisions in phacoemulsification surgery, which 

may be as small as 1.5 mm with latest IOL designs used in micro-incision cataract surgery.199, 200  

The introduction of ophthalmic viscosurgical devices (OVD) in 1972 also played a major role in the 

advancement of cataract surgery.201, 202 Since then, a range of OVDs have been formulated from the 

polymers sodium hyaluronate, chondroitin sulfate and hydroxypropyl methylcellulose.201 They provide 

varying degrees of elasticity, viscosity, pseudoplasticity and surface tension to suit several different 

functions in cataract and other ophthalmic surgeries.201 Cohesive type OVDs may be utIilized in 

maintaining a deep anterior chamber and capsular bag for safe cataract extraction and IOL 

implantation. Dispersive OVDs can help coat and protect the corneal endothelium, not only from direct 

trauma from instruments or lens fragments but also from oxidative stress produced by 

phacoemulsification energy, thereby reducing the risk of corneal oedema.11, 201 They can also help 

enlarge a poorly dilated pupil and assist a controlled capsulorhexis by exerting pressure on the 

anterior capsule to lay it flat.11 In cases of posterior capsule rupture, OVDs can provide some 

tamponade to prevent vitreous prolapse.11 Some surgeons also use OVDs to coat the corneal 

epithelium rather than repetitive irrigation of the surface to prevent drying, although the coat of OVD 

can produce a slightly magnified view of intraocular structures.11 OVDs have truly become 

indispensable tools in phacoemulsification cataract surgery. However, care must be taken to remove 

OVDs at the end of the procedure as they may increase the IOP by obstructing outflow through the 

angle, or affect the refractive outcome by shifting the lens position in the postoperative period.11, 201 

In comparison to the traditional ECCE, there was less astigmatism and more patients achieved better 

UAVA and BCVA following phacoemulsification surgery.172, 185, 192 Phacoemulsification also resulted in 

fewer complications, such as PCR, iris prolapse, postoperative inflammation, CMO and PCO.185, 192,
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203 However, in low resource settings, the visual outcomes and complication rates remain debatable in 

comparison to the traditional ECCE or SICS.169, 170, 177 

In terms of costs, phacoemulsification surgery is more expensive than the traditional ECCE or SICS 

due to the machines and consumables.204-206 However, more patients require additional consultations, 

spectacle-correction and laser refractive correction following ECCE than phacoemulsification in order 

to achieve similar outcomes.185 This is likely to incur substantial costs that make ECCE more 

expensive in the long-term.185 

In addition, phacoemulsification surgery involves unique techniques and requires fine bimanual 

surgical skills. Studies have reported a drastic reduction in complications rate by 50% after the first 40 

cases of phacoemulsification performed by trainees and the rates become acceptable after about 100 

cases.207, 208 However, it has been demonstrated that phacoemulsification can be taught safely to 

beginner surgeons without an increase in complications compared to ECCE.209, 210 Yet, the 

complication rates may be even lower for inexperienced surgeons if they perform SICS.210 As any 

surgeon may be faced with a complicated cataract in which the traditional ECCE, SICS or 

phacoemulsification may be advantageous, it is prudent that all surgeons develop skills in more than 

one technique. Although that seems increasingly less common in developing centres.  

2.4d Femtosecond laser-assisted cataract surgery (FLACS) 

One of the most recent developments in cataract surgery is the use of femtosecond laser (FSL) for 

corneal incisions, anterior capsulotomy and nucleus fragmentation.131, 211, 212 This technology utilizes 

neodymium:glass light of near-infrared wavelength (1053 nm) with a spot size of 3 µm and ultrashort 

pulses (10-15 seconds) in conjunction with high-resolution imaging/mapping systems [spectral-domain 

optical coherence tomography (OCT) or ray-tracing reconstruction with 3-dimensional confocal 

structural illumination].211  

Laser incisions and capsulotomies are reportedly more precise in size, reproducible and stable in 

terms of refractive results than manual techniques.212-216 The precise corneal incisions can 

theoretically reduce the risk of leakage, wound slippage, iris prolapse and endophthalmitis as well as 

offer more control over treating astigmatism.214, 215 However, there may be more damage to the 

corneal endothelium when corneal incisions are made with laser compared to manual incisions.217 An 

accurate capsulotomy in size, shape and location provides more predictable effective lens position 

(ELP) and postoperative refraction.212, 218 It may also spread the forces on the capsule more evenly 

during phacoemulsification, supporting safer surgery especially in cases of zonular weakness.215 

Furthermore, fragmenting the nucleus with laser reduces the effective phacoemulsification time and 

total ultrasound energy required to emulsify the lens.211, 216, 219, 220 Therefore, FLACS may reduce 

postoperative corneal oedema especially in dense cataracts that require more ultrasound energy than 
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a soft lens.219, 220 However, controversy remains as to whether FSL significantly reduces endothelial 

cell loss (ECL) and postoperative corneal oedema.217, 221-223  FLACS may also result in less macular 

oedema but whether there is enough clinical significance remains in debate.211, 224 

In contrast, FLACS is associated with complications that may require the surgeon to convert to the 

traditional phacoemulsification steps. Low-level suction is required during the laser element of the 

procedure and can increase the IOP by 10 – 20 mmHg.211 Loss of suction and formation of bubbles 

can interfere with obtaining further images and laser application.211 Suction or docking may be difficult 

to obtain and/or maintain with narrow palpebral fissures, deep set orbits, large pterygia, severe 

blepharospasm, conjunctivochalasis, corneal haze/scar/oedema, functioning bleb/tube/valve, patient 

anxiety or poor cooperation.211, 215  

Another, or subsequent, complication is an incomplete capsulotomy, which has reduced to less than 

1% with improvements in technology but surgeons should always check that the capsule is 

completely free before moving on to phacoemulsification.211 Removing the cortex may also be slightly 

more challenging as the laser cuts an exact-sized disc of cortex when creating the capsulorhexis, 

sometimes making the edge of the cortex difficult to visualize.211 FLACS may not be possible for 

certain high risk cases with white cataracts, small pupils, corneal scars or oedema as the laser is 

unable to treat through semi-opaque tissues.215 Patients with severe glaucoma are also not ideal 

candidates as FLACS can induce a rise in IOP. In general, FLACS takes 20 - 30% more time than 

standard phacoemulsification surgery and requires surgeons to transfer between two operating 

systems.211   

In terms of visual outcomes, the mean absolute error (difference between predicted and actual 

postoperative spherical equivalent) was significantly lower (by 0.12 D) following FLACS compared to 

conventional phacoemulsification surgery but this did not equate to a clinically significant difference in 

BCVA.225 Other studies report no statistically significant advantage in refractive outcomes.212, 226-229  

A Cochrane review of 16 randomized controlled trials comparing laser-assisted surgery and 

conventional phacoemulsification surgery concluded that evidence of equivalence or superiority 

regarding capsule complications, visual outcomes and cost-effectiveness were inadequate.229 For 

uncomplicated cases, FLACS offers a gain of 0.06 units of QALY in relation to conventional 

phacoemulsification surgery, with AUD$92,862 spent per QALY gain.230 Overall, the widespread 

adoption of FLACS remains largely limited by its poor cost-effectiveness. 

2.5 CONCLUSIONS 

Cataract surgery has evolved beyond the imagination of ancient and even mid-20th century surgeons. 

A process of mechanical dislodgment of the cataractous crystalline lens has now been substituted by 

removal using phacoemulsification, fine-tuned FSL interventions, all completed by the insertion of 
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IOLs of increasingly complex design. However, ECCE and phacoemulsification techniques still 

predominate globally although other older techniques such as ICCE and contemporary techniques 

such as FLACS have specific roles. The research of this thesis deals primarily with 

phacoemulsification – its success and complications in a contemporary public hospital setting. The 

principal hypothesis of this work is that the introduction of a risk stratification system coupled with 

appropriate case selection can reduce intraoperative complications and improve surgical 

outcomes. 
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3.1 INTRODUCTION 

Cataract surgery is the most common elective surgical procedure performed in the NZ public health 

system and the developed world.231-234 Furthermore, with an exponential growth in demand for, and 

delivery of, cataract surgery worldwide, there is an associated increase in expectations regarding 

outcomes. Therefore, identifying and stratifying patient risk factors is increasingly important. 

Accordingly, there is growing international interest in objective preoperative risk stratification systems 

that are aimed at minimizing surgical complications and improving outcomes across all surgical 

specialties, including Ophthalmology.235-242  

In order to address the hypothesis that the introduction of a risk stratification system will reduce 

intraoperative complications and provide better postoperative outcomes, the following prospective 

clinical study was executed in two phases: to evaluate the outcomes of phacoemulsification cataract 

surgery in a large public teaching hospital immediately before and after implementation of a 

preoperative risk stratification system. 

3.2 PHASE 1: CONTEMPORARY CLINICAL OUTCOMES OF PHACOEMULSIFICATION 
CATARACT SURGERY IN A PUBLIC TEACHING HOSPITAL 

Between April and June 2015, a prospective observational study of 500 consecutive cases of 

phacoemulsification cataract surgery was conducted. The aim of the study was to assess the current 

population undergoing phacoemulsification cataract surgery with a particular focus on visual 

outcomes and adverse events in a public teaching hospital setting. 

The study was approved by the Auckland District Health Board (DHB) research committee and 

adhered to the tenets of the Declaration of Helsinki. All surgeries were performed at Greenlane 

Clinical Centre (GLCC), Auckland DHB, Auckland - the largest ophthalmic centre in NZ that serves 

over 23% of the population and performs around 366 cataract operations per 100,000 population per 

annum.243 Standard surgical techniques of phacoemulsification and established supervision protocols 

for training surgeons were employed. All perioperative care was provided as per routine protocol in 

the Department of Ophthalmology, Auckland DHB. Cases were excluded if phacoemulsification was 

planned with any other surgical procedure (e.g. simultaneous corneal transplant, intravitreal 

triamcinolone) but not based on ocular comorbidities (e.g. diabetic macular oedema, wet age-related 

macular degeneration). 

Preoperatively, a single independent observer (BZK) reviewed the clinical and surgical notes and 

collected data including: patient demographics (age, gender, ethnicity), ophthalmic history, medical 

history, best-measured visual acuity (BMVA), slit-lamp bio-microscopy, and IOL-Master biometry (Carl 

Zeiss Meditec AG, Germany). If IOL-Master results were unattainable or unreliable Nidek KM-500 

(Nidek Inc., Fremont, CA), Humphrey 599 (Carl Zeiss Meditec Inc., Dublin, CA), Topcon OM-4 
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(Topcon Corp., Tokyo, Japan) and Ocuscan contact (non-immersion) ultrasound (Alcon Inc., Fort 

Worth, TX) were used.  

Ethnicity was recorded as self-identified by the patients. In NZ, “Asians” are commonly defined as 

peoples from East, South and Southeast Asia.244 BCVA was not available for all cases thus BMVA 

was recorded with habitual correction or no correction for distance. 

Following surgery and the routine 4 to 6-week postoperative follow-up, the investigator (BZK) 

reviewed all clinical/surgical notes to collect data on: surgeon level (Registrar/Resident, Fellow, 

Consultant/Senior Medical Officer); IOL type, power and placement; type of incision; suture use; any 

intraoperative complications (capsular tear, zonular dialysis, iris prolapse, iris trauma, vitreous loss, 

dropped nucleus, choroidal haemorrhage, wound complication, other); any postoperative 

complications (CMO, corneal oedema, uveitis, endophthalmitis, retinal detachment, elevated IOP 

over 21, other); UAVA; BCVA; IOP; slit-lamp bio-microscopy observations and refraction. At hospital 

discharge, patients are referred to their community optometrist for reading or distance spectacle 

correction. Therefore, formal subjective refraction was only performed in subjects with unexpected 

UAVA <6/9 or who exhibited significant ametropia by autorefraction [≥1.25 D spherical equivalent].  

All study data were entered into a password-protected computerized database and anonymized. 

Surgeons were informed prior to the study that all data would be pooled into Registrar, Fellow and 

Consultant categories and kept anonymous.  

Phase 1 included a post-hoc analysis of two preoperative risk stratification systems to evaluate their 

utility in a teaching hospital setting in NZ. In 2004, Muhtaseb et al. reported a newly devised 

preoperative risk stratification system for phacoemulsification cataract surgery by identifying from the 

literature the patient risk factors that were most consistently associated with intraoperative 

complications.239 Each individual risk factor present was given a score to calculate an aggregate risk 

score for individual cases.(Table 3.1) The risk score system was confirmed to be predictive of 

intraoperative complications and this was subsequently validated in independent studies.245-247 

The Buckinghamshire Healthcare National Health Service (NHS) Trust currently uses a similar risk 

stratification system based on work by Butler and Narendran et al. applying the concept of cumulative 

risk from individual risk factors (Benjamin L., written communication, 15 December 2014).102, 240 Both 

the Buckinghamshire and Butler systems have been used with trainees and consultants.240 Like the 

Muhtaseb system, the Buckinghamshire system allocates points for each risk factor according to its 

potential risk for an intraoperative complication.(Table 3.1) 

In the current study, the investigator (BZK) preoperatively added up the points for all risk factors that 

were documented in the preoperative consultation notes to calculate two separate risk scores for 

each case – an “M-score” using the risk stratification system devised by Muhtaseb et al. and a “B-
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score” using the system from the Buckinghamshire Healthcare NHS Trust.239 All surgeons were 

masked to the risk scores during this observational Phase 1 of the study.  

Table 3.1 Preoperative risk factors as per the Muhtaseb (M-score) and Buckinghamshire (B-score) 
risk stratification systems for phacoemulsification surgery.239 
Risk factor M-score B-score

Age (years) >88 1 
80-90 1 
90+ 2 

Ametropia (>6 D of myopia or hyperopia) 1 - 

Axial length - 
<21.5mm 2 
>26mm 1 
>30mm 2 

Brunescent/white/dense/total cataract/no fundus view 3 3 
Corneal scarring 1 - 
Diabetic retinopathy - 1 
Fuchs' endothelial corneal dystrophy - 1 
Only eye - 1 

Oral alpha-receptor antagonist - 
Doxazosin 1 
Tamsulosin 
or similar 2 

Phacodonesis 3 
3 

Pseudoexfoliation 3 
Posterior capsule plaque 1 - 
Posterior polar cataract 1 - 
Previous vitrectomy 1 1 
Shallow anterior chamber (<2.5 mm) 1 1 
Small pupil <3mm 1 2 
Miscellaneous risks assessed by the surgeon 
(e.g. poor position/cooperation) 

1 2 

Maximum score 18 22 

3.3 PHASE 2: PREOPERATIVE RISK STRATIFICATION FOR PHACOEMULSIFICATION 
CATARACT SURGERY IN CLINICAL PRACTICE 

In February 2016, the validated Muhtaseb preoperative risk stratification system was formally 

implemented in the service at GLCC.239 Following this initiative, in Phase 2 of the study, a further 500 

consecutive phacoemulsification cases, performed between February and April 2016, were 

prospectively assessed. The surgical outcomes before and after risk stratification (Phase 1 versus 

Phase 2) were compared to evaluate the impact of a preoperative risk stratification system when 

applied in clinical practice at a major public teaching hospital. The surgical settings were identical with 

same microscopes, phacoemulsification machines and largely the same pool of surgeons (vide infra). 

The investigator (BZK) calculated and documented the M-score in the patient clinical notes so that the 

surgeon was aware of the risk score preoperatively. From analysis of Phase 1 results, it was 

established that cases with an M-score >3 had a significantly higher risk of an intraoperative 

complication. Therefore, all surgeons were advised that cases with an M-score >3 should be 
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performed by an appropriately experienced senior surgeon (Fellow or Consultant). All surgeons were 

advised prior to the study that the risk score suggestion could be over-ruled by their clinical decision 

making in the patient’s best interests. Surgeons were asked to document the reasons in such 

circumstances.  

For consistent and comprehensive data collection, a standardized operation note was developed to 

record the surgical procedure for all 500 cases, this also required surgeons to tick any intraoperative 

complications that applied and document any others not on this template.(Fig. 3.1) 

Figure 3.1 Standardized intraoperative note for phacoemulsification cataract surgery with preoperative 
risk score. 
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Data were collected on the same variables as in Phase 1, including postoperative complications and 

visual outcomes following the routine 4 to 6-week follow-up.  

 
Finally, the intraoperative and postoperative complication rates and postoperative visual acuities were 

compared between Phase 1 and Phase 2 to assess the impact of the Muhtaseb risk stratification 

system in a teaching hospital in NZ.  

 

3.4 STATISTICAL ANALYSIS 
 

Statistical analyses were performed using SPSS version 22 to 24 (Statistical Package for the Social 

Sciences GmbH Software, Munich, Germany). Statistical advice was sought from professional 

biostatisticians at the University of Auckland. Visual acuities were converted to logMAR scales for 

calculations (reported as Snellen equivalents). Counting fingers vision was converted to logMAR 1.7, 

hand movements to logMAR 2.0 and projection of light to logMAR 2.3. Mean values were reported 

with standard deviations. Median values and non-parametric tests were used if variables did not show 

a Gaussian distribution. P values <0.05 were considered statistically significant. 

 

Z-tests (or Fisher’s exact test for small groups) were performed for comparison of proportions. Chi-

square tests of independence were conducted to determine any significant relationships between 

categorical variables. Differences between ethnic groups were calculated using analysis of variance 

(ANOVA). Logistic regression analyses were conducted to identify trends in complication rates with 

regards to risk scores and surgeon groups. The validated Muhtaseb system was used for case-mix 

adjustment of odds ratios for different surgeon groups. An experienced investigator (JM, Cornea and 

Anterior Segment Fellow) independently scored the middle 50 cases (10%) in Phase 2 using the 

preoperative clinical notes and the Muhtaseb system for an analysis of inter-rater variability in M-

scores.  

 

Missing data (postoperative outcomes of patients who did not attend follow-up and refractive 

outcomes) were analyzed by pairwise deletion to use all information possible.  
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4.1 INTRODUCTION 

In the year 2000, the first Auckland Cataract Study (ACS1) prospectively assessed 500 eyes that 

underwent cataract surgery at Auckland Public Hospital.248-250 Since then, there have been major 

advances and more than 15 years of additional clinical experience in cataract techniques that have 

been applied to the ever-changing population in Auckland, NZ. With such rapid developments, there 

is always a need to update information on the characteristics of our population and outcomes of the 

surgical service. 

The prospective research presented in this chapter aimed to assess the current population 

undergoing cataract surgery along with their visual outcomes and adverse events. This may help 

establish a benchmark for the local service, improve future service provision and direct future 

research.  

4.2 SUBJECTS – DEMOGRAPHICS, COMORBIDITIES AND BIOMETRY 

Results 

In Phase 1, a total of 500 eyes of 496 patients were included, mean age 72.3 ± 11.9 years (range 15 

– 96 years), with 57% female. Table 4.1 shows the ethnic distribution of the population in the study

and the Auckland region. NZ European/Europeans were slightly under-represented in the study

population whilst Pacific Island Nations, Maori, Asian/Indian appear over-represented.

Table 4.1 Ethnic distribution of the study population (N=496 patients) and the Auckland region as self-
reported/defined by patients at time of hospital registration.   

Ethnicity Percentage of study 
population 

Percentage of major 
catchment areasa

NZ European/European 55.6% 62.5% 
Pacific Island Nations 14.6%   9.5% 
Asian 12.4% 21.4%b
Indian   5.6% 
Maori   4.6%   8.1% 
Other/Not stated   7.2%   7.7% 

NZ European - New Zealand European 
aThe percentage of ethnic groups in the major catchment areas do not add up to 100% because some 
people identified themselves with more than one ethnicity.251 
bOf the “Asian” population served by Auckland District Health Board, 36% were South Asian; 80% of 
whom were Indian.252 

Patients of Maori, Pacific Island Nations and Indian ethnicities presented for surgery at an earlier age 

[68.0 ± 9.9 years (P=0.04), 65.8 ± 12.6 years (P<0.001) and 66.9 ± 7.9 years (P=0.003) respectively] 

than NZ European/Europeans (75.2 ± 11.6 years). Patients of Pacific Island Nations ethnicity were 

also significantly younger than Asians (72.1 ± 10.1, P=0.003). The age differences between Maori, 

Pacific Island Nations and Indians were not statistically significant (P>0.05). 
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The mean preoperative BMVA in the operated eye was 6/30. It was ≤6/60 in 19%, >6/60 but <6/12 in 

50%, and ≥6/12 in 31%. There was no difference in BMVA between first and second eyes (P=0.673). 

Mean preoperative BMVA was significantly worse in Pacific Island Nations (6/60) compared to NZ 

European/Europeans (6/21, P<0.001) and Asians (6/24, P=0.001). Maori also had worse preoperative 

BMVA (6/48) compared to NZ European/Europeans (P=0.028).  

The contralateral eye was phakic in 62%. Mean contralateral BMVA was 6/12 (73%, N=495 excluding 

five NPL) and counting fingers or worse in 6% of cases. 

Mean minimum keratometry was 43.28 ± 1.72 D and mean maximum keratometry of 44.38 ± 1.98 D. 

The mean preoperative corneal astigmatism was 1.18 ± 1.53 D and median 0.84 D. Figure 4.1 

displays the range of preoperative corneal astigmatism - 57.2% of cases had <1.0 D, 89.2% had <2.0 

D and 2.2% had extreme astigmatism of ≥4.0 D. Mean axial length was 23.64 ± 1.39 mm and mean 

anterior chamber depth 3.09 ± 0.44 mm. The IOL-Master measurements were unreliable or 

unavailable in 49 cases. In these cases, Nidek KM-500, Humphrey 599, Topcon OM-4 and Ocuscan 

contact (non-immersion) ultrasound were used. 

Figure 4.1 Range of preoperative corneal astigmatism in patients undergoing phacoemulsification 
cataract surgery (N=500). 

The ten most prevalent medical comorbidities are presented in Table 4.2 with cardiovascular 

conditions and diabetes being predominant. Comorbidities were self-reported at the preoperative 

assessment. Only 33 patients (6.6%) reported smoking in the last 6 months and 156 (31.2%) were 

ex-smokers.  

There were relatively more Pacific Island Nations with diabetes mellitus (47.9%) than NZ Europeans 

(26.6%), Asians (25.8%) or Other (25%) (P<0.05) and similar rates were observed for Maori (39.1%) 

and Indians (39.3%).  
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Table 4.2 Ten most reported medical comorbidities (N=496 patients). 
Medical comorbidity Number of patients Percentage (%) 

296 59.2 
154 30.8 
103 20.6 
  93 18.6 
  62 12.4 
  53 10.6 
  42   8.4 
  41   8.2 
  39   7.8 
  35   7.0 

Hypertension 
Diabetes mellitus 
Ischaemic heart disease 
Hyperlipidaemia 
Cardiac arrhythmia 
Cerebrovascular event 
Asthma 
Gastro-oesophageal reflux disease 
Gout 
Osteoarthritis 
No medical comorbidity   48   9.6 

An ocular comorbidity was present in 45.8% of eyes, (Table 4.3) posing a guarded prognosis for 

visual outcome in some cases. As expected in this age group, glaucoma (9.6%) and age-related 

macular degeneration (8.0%) were most common, along with diabetic retinopathy (8.2%) that 

accompanied the high prevalence of diabetes mellitus (30.8%). Thirty-eight eyes (7.6%) had 

more than one ocular comorbidity. 

Table 4.3 Co-existing ocular disease in eyes listed for cataract surgery (N=500). 
Ocular comorbidity Number of eyes Percentage (%) 
Glaucoma   48   9.6 
Diabetic retinopathy   41   8.2 
Age related macular degeneration   40   8.0 
Corneal disease affecting vision   21   4.2 
Previous macular surgery   18   3.6 
Retinal artery/vein occlusion     8   1.6 
Previous retinal detachment     7   1.4 
Other   86 17.2 
None 271 54.2 

4.3 SURGICAL TECHNIQUES 

Results 

Surgery was performed by one of 36 surgeons - 22 Consultants, 6 Fellows and 8 Registrars – with or 

without assistance from a second surgeon. An assistant surgeon was involved in 118 cases (23.6%). 

Surgery was performed under regional [sub-Tenon (97.6%, N=488), topical (1.6%, N=8)] or general 

anaesthesia (0.8%, N=4). All cases with general anaesthesia had sub-Tenon anaesthesia also. 

The majority (99.6%) of cases were performed using clear corneal incisions (two cases used a scleral 

tunnel). The typical width of clear corneal incisions was 2.8 mm but four surgeons utilized 2.2 mm 

micro-incisions that were subsequently enlarged for IOL implantation using a dedicated injection

device. A suture was placed in 29 cases (5.8%) with corneal incisions. Both cases with 
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scleral tunnels were sutured - one case with moderate keratoconus and Down syndrome and another 

case with a shallow anterior chamber and intraoperative iris trauma. 

The IOL was placed in the capsular bag (96%, N=480), the ciliary sulcus (2.8%, N=14), or the anterior 

chamber (0.2%, N=1). No IOL was inserted in 1.0% (N=5) because of intraoperative complications. 

The most commonly implanted IOL (83.6%) was a single-piece foldable monofocal acrylic lens 

(Acrysof SA60AT or SN60AT, Alcon Laboratories, Fort Worth, TX) with a mean power of +20.7 D. 

There was no difference in IOL power between first and second eyes (+20.7 D versus +20.8 D 

respectively, P=0.681). A similar platform toric IOL (Acrysof SN6ATT, Alcon Laboratories, Fort Worth, 

TX) was implanted in 6.4%.  

The capsule was stained with Trypan Blue in 60 cases (12.0%). Intracameral phenylephrine was used 

in 7 cases (1.4%), iris hooks in 9 cases (1.8%), capsular tension ring in 5 cases (1.0%) and a 

Malyugin ring (MicroSurgical Technology, Redmond, WA) was used in 2 cases (0.4%). Intracameral 

triamcinolone acetonide (10mg/ml diluted 1:3 with balanced salt solution) was used in 13 cases 

(2.6%) and intracameral acetylcholine (20mg/ml) in 17 cases (3.4%) of suspected vitreous loss 

(including 6 cases that had both). Subconjunctival dexamethasone was administered in 43 cases 

(8.6%), 8 of which had an intraoperative complication and 25 had a history of diabetes mellitus (3 

cases had both). 

4.4 INTRAOPERATIVE ADVERSE EVENTS 

Results 

The overall rate of intraoperative adverse events was 8.4%.(Table 4.4) One case was abandoned and 

returned for a combined phaco-vitrectomy due to severe iris prolapse prior to phacoemulsification. A 

second case (keratoconic and highly myopic) was abandoned after corneal incisions because of 

severe zonular weakness and returned for combined cataract extraction and penetrating keratoplasty 

(PK).  

The rates of intraoperative adverse events between Consultants (8.4%), Fellows (6.4%) and 

Registrars (10.8%) were not significantly different (P=0.234). 

Of cases that had a PCR (2.6%, N=13), vitreous loss was assessed in two cases with intracameral 

triamcinolone acetonide, one case with acetylcholine chloride (20mg/ml) and eight cases with both 

agents. Neither agent was used in two cases. 
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Table 4.4 Intraoperative adverse events following phacoemulsification cataract surgery (N=500). 
Intraoperative adverse event Number of eyes Percentage (%) 
Capsular tear - posterior 11 2.2 

- anterior   6 1.2 
- both   2 0.4 

Iris prolapse 13 2.6 
Zonular dialysis   8 1.6 
Iris trauma   5 1.0 
Vitreous lossa   2 0.4 
Dropped nucleus fragment   1 0.2 
Choroidal haemorrhage   0 0.0 
Wound complication   0 0.0 

aVitreous loss was reported at 0.4% in the intraoperative notes but was subsequently observed to be 
1.8% when intraoperative theatre nursing logs, postoperative clinical discharge summaries and 
clinical letters were reviewed together for all cases of posterior capsule compromise. 

4.5 POSTOPERATIVE ADVERSE EVENTS 

Results 

Eighteen patients did not attend follow-up and one patient had died in the interim from an unrelated 

cause. These 19 cases and the two complicated cases that did not have phacoemulsification surgery 

but later returned for combined procedures were therefore excluded from postoperative analyses. 

Excluded patients (N=21, 4.2%) were more likely to be male (71.4% vs 41.3%, P=0.006) and have 

worse preoperative BMVA (6/60 vs 6/30, P=0.002). Ethnic distribution differed from the overall cohort 

(P<0.001) with 33% identifying as Maori and 33% as Pacific Island Nations. 

The overall rate of postoperative adverse events was 8.1% (39/479). The most common adverse 

event was CMO, which was present in 17 eyes at 4 – 6 weeks postoperatively.(Table 4.5) There 

was no significant correlation between having an intraoperative adverse event and a postoperative 

event (P=0.072).   

Table 4.5 Postoperative adverse events at 4 to 6 weeks following cataract surgery (N=479). 
Postoperative adverse events Number of eyes Percentage (%) 
Cystoid macular oedema 17 3.5 
Corneal oedema   5 1.0 
Uveitis (≥2+ anterior chamber cells)   5 1.0 
Endophthalmitis   0 0.0 
Retinal detachment   0 0.0 
Othera   3 0.6 
Intraocular pressure ≥ 22 mmHgb 10 2.1 

aOther postoperative complications were vitreous haemorrhage, vitreous to wound, and 
epitheliopathy.  
bPostoperative intraocular pressure was recorded in 470 eyes. Elevated measurements were: 22 (4 
cases), 23 (2 cases), 24, 26, 30 and 36 mmHg. 
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In relation to postoperative adverse events, Registrars had a lower rate than Fellows (2.2% vs 

11.9%, P=0.012), but there were no significant differences between Consultants (8.7%) and 

Registrars (P=0.055), or Consultants and Fellows (P=0.239).  

4.6 VISUAL OUTCOMES 

Results 

Of 479 eyes, 272 eyes (56.8%) achieved the median UAVA of 6/9 or better and 352 eyes (73.5%) 
achieved the mean of 6/12 or better.(Fig. 4.2) There was no difference in postoperative UAVA 
between first and second eyes (P=0.925). The mean and median BMVA of 6/9 was achieved in 272 

eyes (56.8%). Mean BCVA was 6/9 in the 92 eyes that had subjective refraction. The mean spherical 

equivalent was -0.39 ± 0.90D (range -3.63 to +6.75D) and the mean astigmatism was 1.1 ± 0.79D (0 
to 6.5). Extreme residual spherical refractive outcomes were attributable to unusual cases such as 
very high pre-operative astigmatism and less reliable biometry due to large irregular corneal scars.  

Figure 4.2 Bubble plot of preoperative best-measured visual acuity (BMVA) and postoperative 
unaided visual acuity (UAVA). (N=479)  

Data labels indicate number of cases. 
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Seventeen eyes (3.5 %) had postoperative BMVA ≤6/60. A drop in BMVA of ≥ one Snellen line 

following surgery occurred in 35 eyes (7.3%). Ten of these eyes had an intraoperative or 

postoperative complication, 19 had an ocular comorbidity and 10 had neither. The differences in 

visual outcomes of eyes with a complication and eyes without a complication are displayed in Table 

4.6. Of note, eyes with a PCR achieved BMVA of 6/15 and eyes without PCR achieved 6/9.6 but the 

difference was not statistically significant (P=0.161). 

Table 4.6 Best measured visual acuity (BMVA) 4 to 6 weeks after cataract surgery in eyes with an 
intraoperative or postoperative complication compared to eyes without complication.  

Surgical outcome Mean BMVA  
(logMAR ± SD) 

P value for difference in 
BMVA 

Intraoperative complication 6/15 (0.37 ± 0.46) P= 0.062 No intraoperative complication 6/9.6 (0.22 ± 0.30) 
Postoperative complication 6/18 (0.49 ± 0.54) P= 0.005 No postoperative complication 6/9.6 (0.21 ± 0.28) 

Of eyes with a postoperative complication, CMO was the only independent complication with a 

statistically significant effect on vision (6/15 vs 6/9.6, P=0.002). Four cases with CMO had diabetes 

and none had diabetic retinopathy. Subconjunctival injection of dexamethasone was given to 43 

cases – 25/154 cases with diabetes mellitus (14/41 with diabetic retinopathy) - and 2 later developed 

CMO. Non-steroidal anti-inflammatory eye drops were prescribed in 27 cases (19/41 with diabetic 

retinopathy) in the immediate postoperative period, 2 of which developed CMO.  

4.7 POST-HOC RISK ANALYSES 

Results 

A preoperative risk score was calculated for each case using two risk stratification systems – an M-

score and a B-score. The median M-score was 0 and over 90% of cases scored M<4 (N=463, 

92.6%). The median B-score was 1 and 469 cases (93.8%) scored B<5.  

The two cases that were abandoned had high preoperative risk scores. One case abandoned due to 

severe iris prolapse prior to phacoemulsification had a M-score of 7 and B-score of 7; a second case 

with high myopia and keratoconus had a M-score of 7 and B-score of 8 and was abandoned after 

corneal incisions because of severe zonular weakness and returned for ICCE and PK. Both cases 

were planned for and performed by Consultant surgeons. 

The complication rates increased with an increasing M-score (P=0.001) or B-score (P=0.003).(Fig. 

4.3) The baseline intraoperative complication rate for a case with no significant risk factor (M-score of 

0) was 7.2% (95% confidence interval 4.2 - 10.3%). The complication rate increased significantly

compared to baseline with an M-score >3 (P=0.021). With the Buckinghamshire system, the baseline

intraoperative complication rate for a case with no significant risk factor (B-score of 0) was 9.2% (95%
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confidence interval 4.9 - 13.6%). The complication rate increased significantly compared to baseline 

with a B-score >6 (P=0.001). 

Figure 4.3 Intraoperative complication rates (with 95% confidence interval) for each risk score based 
on the Muhtaseb (M-score) and Buckinghamshire preoperative risk stratification systems (B-score) for 
phacoemulsification cataract surgery (N=500).239  

Results were not graphed if there were less than two cases with the same risk score to avoid 
obscuring possible trends. 

Registrars, Fellows and Consultants operated on various cases with a range of risk scores.(Fig. 4.4) 

All five cases (1%) with M>5 were operated on by Consultants. 

Figure 4.4 Proportion of phacoemulsification cases performed by Registrars, Fellows and 
Consultants per risk score using the Muhtaseb risk stratification system (N=500).239  

Data labels indicate number of cases performed. 
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In analyzing the intraoperative complication rates for different surgeon levels, the Muhtaseb system 

was used to adjust for case complexities. In comparison to Consultants, Registrars or Fellows did not 

have a significantly higher or lower odds ratio after case-mix adjustment using the preoperative M-

scores.(Table 4.7)   

Table 4.7 Unadjusted and adjusted odds ratios (OR) per surgeon grade for an intraoperative 
complication in phacoemulsification cataract surgery with 95% confidence intervals.230 
Surgeon grade Unadjusted OR P-value Adjusted OR* P-value
Consultant 1.00 1.00 
Fellow 0.75 (0.31 - 1.79) 0.52 0.72 (0.30 - 1.73) 0.46 
Registrar 1.32 (0.61 - 2.85) 0.49 1.45 (0.66 - 3.18) 0.36 

*Adjusted for case complexity using preoperative risk scores based on Muhtaseb risk stratification
system230

Even for cases with M=0, the odds ratios for an intraoperative complication were not significantly 

different between Consultants and Registrars (OR=1.63, P=0.36) or Fellows (OR=0.86, P=0.83). 

The postoperative complication rates increased with increasing B-scores (P=0.014) but not with the 

M-scores (P=0.094). In comparison to Consultants, Registrars or Fellows did not have a significantly

different odds ratio for a postoperative complication.(Table 4.8)

Table 4.8 Unadjusted and adjusted odds ratios (OR) per surgeon grade of a postoperative 
complication for phacoemulsification cataract surgery with 95% confidence intervals.230 
Surgeon grade Unadjusted OR P-value Adjusted OR* P-value
Consultant 1.00 1.00 
Fellow 1.42 (0.68 – 2.94) 0.35 1.37 (0.66 – 2.87) 0.40 
Registrar 0.24 (0.06 – 1.03) 0.06 0.25 (0.06 – 1.09) 0.06 

*Adjusted for case complexity using preoperative risk scores based on Muhtaseb risk stratification
system230

Postoperative BMVA was poorer with higher M or B-scores (P<0.001 for each, N=479). Median 

postoperative BMVA per risk score group is displayed in Table 4.9, exhibiting an overall trend of 

decline in visual acuity for higher risk scores. 

Table 4.9 Median postoperative best-measured visual acuity (BMVA) per risk score group.(N=479) 
M-Score Median BMVA B-Score Median BMVA

0 0.125 0 0.125 
1 0.176 1 0.176 
2 0.176 2 0.176 
3 0.176 3 0.176 
4 0.176 4 0.176 
5 0.345 5 0.301 
6  1.300* 6 0.176 
7 1.239 7 0.151 
8  1.700* 8 1.063 

9 0.540 
*Only one case with this risk score
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4.8 DISCUSSION 

This prospective study provides a detailed analysis of phacoemulsification cataract surgery in a large 

Auckland public teaching hospital in 2015. It illustrates improved outcomes for cataract surgery in 

comparison to a similar study conducted 15 years ago in Auckland (ACS1)248 and parallels data from 

other international institutions.102, 253-256 

4.8a Subjects – demographics, comorbidities and biometry 

Patients were predominantly elderly, NZ European/European, females. Maori and Pacific Island 

Nations presented for surgery at an earlier age (68 and 66 years, respectively) than NZ 

Europeans/Europeans (75 years), as reported previously, but with poorer preoperative BMVA (6/48, 

6/60 and 6/21, respectively).248 This may be related to more advanced cataracts as evidenced by 

Yoon et al. who reported that the axial length was difficult to measure in Maori and Pacific Island 

Nations due to advanced cataracts (in the same catchment area).257 Indians also presented at a 

younger age (67 years) than NZ Europeans/Europeans. These presentations may relate to the ethnic 

variation in risk factors such as diabetes and smoking in NZ,258 and highlight the need for early 

intervention in highly prevalent but modifiable risk factors for cataract.  

Cultural beliefs and access to surgery may also contribute to the discrepancies. Maori and Pacific 

Island Nations are less likely to have had any surgical or specialist service than non-Maori.259, 260 

Since all treatment in NZ public hospitals is free of charge to citizens/residents, the high rate of 

delayed attendance observed from Maori and Pacific Island Nations in this study may reflect barriers 

for the non-European population. These may include transport, time off work, communication (need to 

attend) and variations in the matching of the delivery of perioperative care to the ideas and 

expectations of non-European patients - which may be detrimental to achieving best outcomes.261 

The relatively poor presenting visual acuities (6/30) demonstrate the significant burden for the public 

service. Although improved since ACS1 (6/48), the current results are higher than the typical modern-

day threshold of 6/9 in the developed world.248, 262 Indeed, in an Australian teaching hospital, 73% of 

eyes had BMVA ≥6/12, however, in a mix of 75 public and private practices in the United States, 

mean BCVA was 6/24 for first eyes.253, 263 Cataract surgery rates have escalated substantially in 

response to the need for higher visual function to support independence and avoid the significant 

economic impact of visual acuity <6/12.105, 264 Indeed, there has been a dramatic shift over the last 20 

years toward operating at lower levels of visual impairment.105 However, a recent UK study reported a 

backward shift towards poorer preoperative visual acuity (6/24), possibly due to a degree of public 

health rationing of surgery that also applies to the NZ public service.254  

Notably, the expected average preoperative visual acuity for cataract surgery in the public system in 

Auckland is approximately 6/15 each eye, although the government-directed prioritization system also 

takes into account ocular co-morbidities, impact of vision in everyday life, disabilities, and the ability to 
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work/give care/live independently.(Slight C., personal communication, 26 January 2016) However, in 

the current study, 73% of contralateral eyes achieved ≥6/12 preoperatively, partly balancing the 

poorer presenting vision in the eyes to be operated, particularly in those of Maori and Pacific Island 

Nations ethnicity. This may largely explain the poor mean preoperative visual acuity of the operated 

eye.  

Most patients had at least one medical comorbidity. Notably, since ACS1, there has been an 

increase in the prevalence of hypertension (46% to 59%) and diabetes mellitus (20% to 31%) in this 

population, which may be associated with cataract, operative complications and poorer visual 

outcomes.33, 248, 265

Some ocular comorbidities were also more prevalent than 15 years ago, with an increase in 

percentage of age-related macular degeneration (5.1% in ACS1 to 8.0%), corneal disease (1.8% to 

4.2%), macular surgery (1.2% to 3.6%), retinal vessel occlusion (0.6% to 1.6%).248 These differences 

in ocular comorbidities of patients presenting for cataract surgery possibly indicate improvements and 

increased frequency of their specific treatments, allowing cataract surgery to be justified. Cataract 

surgery in itself has also improved to offer these patients better outcomes. The greater proportion of 

patients with cardiovascular risk factors also contributes to the increase in retinal vessel occlusion. 

4.8b Surgical techniques 

All but two cases were performed using clear corneal incisions. Surveys of the American Society of 

Cataract and Refractive Surgery (ASCRS) report a steady increase in this technique from 1.5% in 

1992 to 72.0% in 2003.266, 267 Clear corneal incisions may provide the benefit of shorter surgical time 

and reduced bleeding but are associated with poorer wound healing, greater ECL and more induced 

regular and irregular astigmatism than scleral incisions.268-271 However, the corneal incision is quicker 

to construct and can be purposely placed on the steepest meridian to significantly reduce 

postoperative astigmatism in selected cases.196, 272, 273 In a survey of NZ Ophthalmologists, 14.4% of 

cases had such ‘on-axis’ corneal incisions.156 Although smaller scleral tunnels may also be 

sutureless, the two cases in the current study were sutured as the benefits of a tightly sealed resistant 

wound outweighed the risks of suture-related complications and temporary postoperative astigmatism 

in these specific high-risk cases. 

There is a growing trend of clear corneal micro-incisions at GLCC and globally, as reported in a 

review by the ASCRS Cataract Clinical Committee.274 Bimanual or micro-axial main incisions may be 

as small as 0.9 - 1.5 mm or 2.2 mm respectively, offering a more stable anterior chamber, reduced 

effective phacoemulsification time and faster recovery.275-277 However, without a silicone sleeve 

around the bimanual probes, there is an increased risk of heat injury and the wound may be more 

deformed when later manoeuvres are restricted by small incisions.276, 278-280 Unstable wounds 

significantly increase the risk of IOL instability (especially rotation of toric IOLs), postoperative 

inflammation and endophthalmitis.281-283 Multi-planar two and three-step incisions may reduce these 
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risks but even with such intentions, only 32% of incisions end up being multi-planar.284-288 Although 

the IOL may be implanted through a 1.8 mm wound,289 the incisions are often forcibly enlarged to 2.2 

- 2.8 mm and reports on SIA and postoperative ECL are inconsistent.275-277, 290-294 FSL-assisted 

incisions may be utilized to create more precise corneal incisions with reduced phacoemulsification 

time.295 This may be an option in the private sector of NZ but again, SIA results are similar in FSL-

assisted and manual incisions.296 

 

Five cases were left aphakic due to zonular deficiency or intraoperative complications. In cases of 

inadequate capsular support, surgeons have the option of leaving the patient aphakic, implanting an 

ACIOL, an iris-fixed IOL, a sulcus IOL or optic capture through an intact anterior or posterior 

curvilinear capsulorhexis. This decision may be influenced by other factors such as pupil size, corneal 

oedema, anaesthesia, surgeon experience, availability of a suitable IOL and other equipment.213, 297-302 

There is insufficient evidence to support one type of IOL or fixation method over another.299-301, 303-309 

In these situations, the power of the IOL needs to be adjusted according to the A-constant and 

effective lens position but need not be adjusted if the anterior capsule is intact for optic capture.297, 310-

312 Long-term results may be better with secondary surgery using an appropriate lens compared to 

primary implantation, although vision will be temporarily compromised until the later surgery.309, 313-315 If 

a suitable IOL is available, primary implantation may result in similar postoperative outcomes whilst 

avoiding additional surgery.306 Surgeons should also be mindful that silicone IOLs may reduce surgical 

visibility in future vitreoretinal surgery that some of these cases require.316, 317  

 

The utilization of intraoperative devices such as Trypan Blue, intracameral phenylephrine, iris hooks, 

capsular tension rings and pupil expansion devices also reflect the complexities anticipated and/or 

encountered during surgery.318 Anticipatory staining of the capsule against a dense cataract, 

enlargement of a small pupil and stabilization of the floppy iris and/or capsule using these devices 

may prevent complications and should be considered preoperatively in the presence of identified risk 

factors.318-332  

 

Figure 4.5 Intraoperative images demonstrating devices used in phacoemulsification cataract 
surgery: (A) anterior capsule stained with Trypan Blue to enhance visualisation over a white cataract 
during capsulorhexis, (B) enlargement of a small pupil using a pupil expansion device (Malyugin ring).  
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4.8c Intraoperative adverse events 

Modern phacoemulsification techniques performed in public teaching hospitals are associated with 

around 4.2 - 6.9% rate of intraoperative complications and 6.6 - 14.4% incidence of postoperative 

complications within 4 - 6 weeks.231, 253, 254, 333 Not all complications lead to poor outcomes but the 

occasional severe complication can be vision-threatening. Surgical complication rates have improved 

in the current study compared to ACS1 and remain comparable to recent international studies in 

similar settings.231, 248, 253, 254, 333  

The most commonly reported, significant, intraoperative complication in phacoemulsification surgery 

is PCR with or without vitreous loss at rates of 0.5 - 5.2%.334 The current study observed a reduction 

in PCR (4.9% to 2.6%), however, there was a greater proportion of dense cataract in ACS1.248 Dense 

cataract is often associated with poorer visualization of ocular structures during surgery, potential 

capsule compromise (odds ratio of 2.99 for a PCR and/or vitreous loss), and greater 

phacoemulsification power.102, 335 However, the current study had a greater proportion of males, 

glaucoma, and diabetic retinopathy, all associated with an increased risk of PCR.102 Similarly, studies 

on the UK national dataset reported a drop in PCR and/or vitreous loss rate over time from 4.4% 

(1997 - 1998) to 1.9% (2001 - 2006).102, 265 More recent studies have reported rates as low as 1.8 - 

2.1%, due to the experience of surgeons, improved techniques and equipment.255, 256 

Studies have reported that PCR may be the only potentially modifiable factor associated with poorer 

visual acuity and that eyes with a PCR were 3.8 times more likely to result in BCVA ≤6/12.336, 337, 6 

times more likely to develop endophthalmitis338 and 15 – 18 times more likely to require retinal 

detachment surgery254, 339. However, in the current study, no significant difference was identified in 

visual outcome between those with PCR and those without complication. 

The rate of anterior vitrectomy for PCR (70%) was similar to that reported in ACS1248 (75%) and in 

Singapore255 (77%), although a lower rate was reported in Australia253 (58%). In the current study, all 

cases with vitreous loss had a PCR, but not all cases of vitreous loss are a result of PCR, and not 

every PCR requires an anterior vitrectomy. Vitreous loss may be difficult to detect and in the current 

study most surgeons used dilute intracameral triamcinolone and/or acetylcholine where vitreous was 

suspected in the anterior chamber. 

Studies have reported that the learning curve for phacoemulsification surgery is in an exponential 

pattern with drastic reductions in complication rates throughout training.207, 340-346 However, in the 

current study, there was no significant difference in the rate of intraoperative complications between 

surgeon grades. A similar finding was reported between second and third year residents even after 

controlling for case difficulty.347 However, this retrospective study had the same limitations as the 

current study - the prior surgical experience of surgeons and the degree of assistance by a senior 

surgeon was not determined.347 Fong et al. also reported that although the major complication rate 

was numerically greater, there was no significant difference between trainee-operated (6.1%) and 
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Consultant-operated cases overall (2.7%, P = 0.091).348 However, they excluded cases performed by 

trainees at the beginning of their training and challenging cases348, which are likely to have increased 

the complication rates, especially if operated upon by novice surgeons. Nonetheless, intraoperative 

complication rates may be kept low, even with trainee surgeons, by careful selection of appropriate 

cases. 

4.8d Postoperative adverse events 

Interestingly, there was a comparable rate of CMO (3.5%) to other studies (3.8% in ACS1248 and 

3.2% in an Adelaide-based study253). A third of the study population had diabetes and 8.4% had 

diabetic retinopathy – increasing their risk of CMO11, 349-353 - in comparison to 3.3% in an Australian 

study.253 However, none of the eyes with diabetic retinopathy in the current study had CMO at the 4 to 

6-week postoperative visit. This better-than-anticipated outcome may reflect better surgical

technology but also better management of high-risk cases, such as intraoperative subconjunctival

corticosteroid, perioperative topical non-steroidal anti-inflammatory therapy, and earlier surgery to

minimize the amount of phacoemulsification power.

A standard protocol of additional perioperative medications for all patients with diabetes (including 

those without retinopathy) may help to further improve the rate of CMO in patients at higher risk of 

complications. However, at present, there is conflicting evidence on which group of patients benefit 

from perioperative topical non-steroidal anti-inflammatory drugs (NSAID). Some studies suggest it 

reduces the risk of postoperative CMO in patients with risk factors (postoperative CMO in 

contralateral eye, diabetic retinopathy, retinal vein occlusion, macular hole, epiretinal membrane, 

macular degeneration, retinal detachment repair, prostaglandin use)349, 354-356 whilst others report no 

difference for cataract patients with diabetic retinopathy.357 There are also studies reporting that 

topical NSAIDs are more effective than corticosteroids in CMO prevention.358, 359 Overall, there is 

insufficient evidence to support prophylactic use in preventing long-term vision loss from CMO.360, 361 

There are limitations in comprehensively assessing postoperative complications as the follow-up in 

the current study was limited to the routine 4 to 6-week assessment. Although there were no cases of 

endophthalmitis or retinal detachment, both are relatively rare complications and detachments 

typically occur later than the 6-week follow-up.(Fig. 4.6) Furthermore, there were five cases of 

persistent corneal oedema and five cases of anterior uveitis, which may have resolved over time or 

otherwise caused permanent visual impairment on long-term follow-up. There were also two cases 

(vitreous to the wound and dropped nucleus) that had to return to theatre following their original 

cataract surgery that may suffer longer-term sequelae.     

Although Registrars appeared to have a lower rate of postoperative complications than Fellows, they 

were typically assigned to lower-risk cases. Furthermore, in the surgical operation note the 

complications may have been listed under the primary (senior) surgeon where the junior surgeon only 

performed part of the case, or the senior surgeon took over following the complication (documentation 
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did not always discriminate who was operating at each step of the procedure). Thus, a complication 

attributable to a Registrar may have been counted under the supervising Fellow or Consultant. 

Absolute intraoperative and postoperative complication rates of different surgeon levels should be 

interpreted with caution, as they were not adjusted for case-mix. 

 

Figure 4.6 Postoperative complications following cataract surgery: (A) slit-lamp photograph of severe 
endophthalmitis, and (B) fundus photograph of a large temporal retinal detachment. (Courtesy of Prof. 
CNJ McGhee and the New Zealand National Eye Centre) 

 
4.8e Visual outcomes 
 
Visual outcomes were comparable to national and international reports.248, 254, 255 More patients 

(73.5%) achieved UAVA of ≥6/12 than in ACS1 (67.7%).248 The mean UAVA (6/12) and BMVA (6/9) 

was equal to a UK NHS study.254 The mean spherical equivalent was also nearer emmetropia than 

ACS1 (-0.39 D vs -0.46 D) although the current study had a lower proportion of cases with 

postoperative refraction.248 Intentional myopic outcomes were also excluded in ACS1 results.248 

Although not directly comparable, the proportion achieving BMVA ≥6/12 was the same (88%) as the 

proportion achieving BCVA ≥6/12 in ACS1248 but less than in a Singaporean study255 (98.5% BCVA 

≥6/12). 

 

Formal subjective refraction was generally only performed for unexpected poor visual outcomes or 

significant ametropia. With only 92 of 476 cases having subjective visual acuity tested following 

refraction, the postoperative visual acuity may be underestimated. This may also explain the greater 

number of cases with an apparent “drop” in BMVA than in ACS1 (7.0% vs 1.5%) despite a decrease 

in complication rates.248 Furthermore, subjects with UAVA<6/7.5 were refracted in ACS1.248 Although 

the study design was limited to shorter-term review, further improvement is anticipated in visual 

outcomes at 3 months postoperatively, e.g. following corneal suture removal (6.5% had vision tested 

prior to suture removal), resolution of CMO and appropriate vision correction. Indeed, of the 16 cases 

of CMO with longer follow-up, 11 (69%) were resolved by 3 months and 13 (81%) by 4 months, with a 

mean UAVA of 6/9.  
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Postoperative vision may also be significantly affected by astigmatism. Toric IOLs, which were not 

widely available at the time of ACS1248, are now funded in the public hospital service at GLCC with 

the recommendation that surgeons consider a toric IOL if the keratometric astigmatism is ≥2.0 D. 

However, notably whilst 10.8% of cases met this criterion, only 6.4% of all cases (59% of those with 

≥2.0 D astigmatism) ultimately had a toric IOL. Those who were eligible but did not receive a toric IOL 

included eyes with irregular astigmatism, variable astigmatic axis, other corneal or ocular pathology 

and patient/surgeon preference. Nonetheless, other factors not identified in this study may explain 

some of the difference between those eligible (10.8%) and those eyes that received a toric IOL 

(6.4%). The use of toric IOLs is discussed in further detail in chapter 6.  

 

4.8f Post-hoc risk analysis 
 
This large prospective observational study validates both the Muhtaseb and Buckinghamshire 

preoperative risk stratification systems for phacoemulsification cataract surgery in a public teaching 

hospital setting.239 Overall, these systems appear to provide easy objective methods of predicting the 

risk of an intraoperative complication using standard patient information gathered at a preoperative 

consultation.  

 

The current study observed that the intraoperative complication rates increased with increasing risk 

scores. A composite risk of a complication in an individual patient can be calculated from combining 

individual odds ratios for each risk factor present but requires additional calculations based on risk 

analyses from a large data set, which should in theory include rare complications.102, 240 Alternatively, 

the Muhtaseb and Buckinghamshire systems allow quick and easy assessments to provide 

preoperative knowledge of patient-specific risks.239 This can then be explained to the individual at the 

time of preoperative consultation and in specific relation to the local population.  

 

Preoperative risk stratification may be particularly useful in a teaching hospital setting because it 

assists appropriate allocation of cases. Lower surgeon grade is associated with higher rates of 

complications.102, 210 By preventing trainees from operating on inappropriate high-risk cases, it may 

reduce potentially avoidable complications. In the current study, two highly complex cases that 

returned for a phaco-vitrectomy and ICCE had especially high scores (M-score >6). Even without prior 

knowledge of their risk scores, these cases had been allocated to Consultants based on qualitative 

assessments at the preoperative consultation. This may indicate that qualitative assessments were 

reasonably accurate in allocating the highest risk cases to senior surgeons.  

 

However, 7 cases with an M-score >3 (i.e. associated with a higher risk than baseline) were operated 

on by Registrars and 8 cases by Fellows. Of these 15 cases, 3 (20%) had an intraoperative 

complication. At GLCC, preoperative risk stratification may divert an extra 90 high risk cases (M>3) 

per year to most-experienced Consultants and further investigations are necessary to assess any 

potential improvement in complication rates from such standardized allocation methods in teaching 

hospitals. 



57 
 

 

Contrary to previous reports, despite trends (Tables 4.7 and 4.8), the difference in odds ratios for a 

complication were not statistically significantly between surgeon grades in the current study and 

should be interpreted with some caution.102, 210 As an example, a Registrar may have encountered a 

complication resulting in the Consultant performing the majority of the operation as the “primary 

surgeon”. But due to difficulties in discriminating the precise surgeon at each step of the procedure in 

the operation notes, complications were ascribed to the “primary surgeon”. This may reflect complex 

case management in diverse public hospital settings but ideally to obtain best comparative data, only 

cases fully completed by a single surgeon might be included. It is also important for all surgeons to 

know exactly when and how a complication occurred, which was not always documented. Video-

recordings of all cases may aid self and independent audits that identify possible preceding signs or 

risk factors for complications to be avoided in future operations. 

 

The case-mix adjusted odds ratios in this study were also comparable between surgeons, i.e. even for 

cases scoring M=0, where complications are more likely attributable to the surgeon experience than 

the case, the complications rates did not differ between surgeon grades. This suggests a potential 

limitation in the current study that the number of cases, especially with a high risk score and/or 

complication may be too small to deduce statistical significance of a true difference between surgeon 

grades.  

 

Looking beyond limitations of the current study, appropriate allocation of cases to surgeons in training 

and specialists requires a set ‘transition’ risk score, below which trainee surgeons are allowed to 

operate. Previous studies have empirically chosen transition scores for different levels of surgeons.4-6 

Tsinopoulos et al.246 used the Muhtaseb system239 to allocate cases with a risk score of 0 to 

Registrars, 1 - 5 to low-volume specialists (performing <400 cataract surgeries per year) and ≥6 to 

high-volume specialists. Complication rates were lower when cases were stratified and allocated to 

surgeons with varying levels of experience using the Muhtaseb system.239 

 

The current study observed a significant increase in complications with an M-score >3 or a B-score 

>6. Thus, an appropriate transition score based on these data may be to allow trainee surgeons to 

operate on cases with an M-score ≤3 or a B-score ≤6. The stratification systems can also support 

step-wise progression to higher risk scores following each year of training. However, the rate of 

complications was reported to be similar between first, second and third year residents in Veterans 

Affairs Medical Centres.362 Thus, it may be most practical to set one transition score for an entire 

group of Registrars. As the surgical experience of trainees in different institutions varies, each centre 

may need to set their own appropriate transition score. 

 

Another benefit of a standardized stratification system is the case-mix information it provides for 

surgeons. The risk scores may be used to indicate the range of case complexities, and odds ratios 

may be adjusted for a different case-mix, enabling individual surgeons to enhance the value of self-
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audits. For example, the complication rates in the current study may be higher than internationally 

reported due to a greater proportion of cases with poor presenting visual acuities and advanced 

cataracts amongst other risk factors.231, 253 A standardized stratification system may allow better 

comparisons by adjusting for these risk factors. 

The intraoperative complication rates were 7.2% with M=0 and 8.2% with B=0. This highlights the fact 

that these cases with no significant risk factors according to the Muhtaseb and Buckinghamshire 

systems are not “risk-free”. The apparently high complication rates may be secondary to including 

multiple, relatively minor, adverse events (not typically included in other studies) as “intraoperative 

complications” and having an independent observer that might increase detection rates of 

complications. 

Although the systems were developed to predict intraoperative complications, the current study also 

observed a correlation between B-scores and postoperative complications, as well as M or B-scores 

and postoperative BMVA. Those with a high risk score had poorer postoperative BMVA however, 

there was no significant difference in BMVA of eyes with an intraoperative complication or without. 

This may be due to pre-existing comorbidities, serious or multiple intraoperative complications, or 

postoperative complications.  

The two systems evaluated in the current study do not include all reported or unusual risk factors for 

cataract complications e.g. no points were allocated for fellow eye complications, which is included in 

Habib’s potential difficulty score.239, 241, 363-365 Though the characteristics of the first eye that led to 

complications may be bilateral and thus accounted for in the scoring systems. Similarly, there are no 

points allocated for traumatic cataract although it is considered as a risk factor regardless of its 

consequences, like zonular weakness, which is scored.239, 245 In validating Muhtaseb’s system, 

Agrawal et al. used an altered protocol that did not include posterior polar cataract, defined a shallow 

anterior chamber as <2.4 mm, and old age as >75 years, yet still reported an increase in 

complications with higher M-scores.239, 245, 366  

Other risk factors, such as oral alpha-antagonists in relation to intraoperative floppy iris syndrome and 

associated complications, have only been widely-recognized since the Muhtaseb system was 

formulated in 2004.367-373  More recently, there is growing evidence to suggest that previous 

intravitreal injections increase the risk of intraoperative complications during cataract surgery, namely 

PCR with an OR of 1.04 - 1.06.374-377 PCR may be due to iatrogenic lens trauma during the injection 

process but a clear causative link is not yet determined with suggestions relating the complications to 

the presence of a pre-existing posterior capsule defect or posterior subcapsular cataract.374, 377 If so, 

the risk may be accounted for under “dense cataract/no fundus view” or “miscellaneous risks” in the 

current Muhtaseb risk stratification system. Intravitreal injections of anti-vascular endothelial growth 

factor (anti-VEGF) were also associated with an increased risk of retained lens fragments and 

endophthalmitis following cataract surgery.376 In any case, careful preoperative examination is crucial 
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especially when the number of patients treated with intravitreal anti-VEGF and/or corticosteroids is 

growing rapidly.  

Theoretically, the Muhtaseb and Buckinghamshire systems could be amalgamated to possibly provide 

a more comprehensive risk score.239 However, despite refinement of stratification systems there will 

always be a role for clinical decision-making based on the surgeon’s overall assessment of the 

patient. 

4.9 CONCLUSIONS 

The current study illustrates a significant increase in medical and ocular comorbidities and ongoing 

differences in healthcare access, with Maori and Pacific Island Nations attending with more advanced 

cataracts and visual impairment. Despite these significant issues, there has been an improvement in 

the complication rates for cataract surgery performed in a NZ public teaching hospital setting. This 

has likely contributed to the increase in proportion of cases achieving UAVA ≥6/12 since ACS1248, 

however, there is a need for improved measurement and documentation of BCVA for more accurate 

comparisons and analyses. The results are comparable to reports from other international institutions 

and provide an additional benchmark in an era of changing populations, expectations, and the 

associated demand for cataract surgery.  

Furthermore, on post-hoc risk analysis, the two individual preoperative risk scores correlated with 

intraoperative complications. These scores may provide quick and easy assessments of the patient’s 

risk at the preoperative consultation. The current study also observed a significant correlation 

between both risk scores and visual outcomes, and between Buckinghamshire risk scores and 

postoperative complications. Such standardized risk stratification systems may be highly valuable to 

both patients and surgeons in operative planning, informed consent, safer training of surgeons and 

meaningful evaluation of cataract surgery outcomes when used in a standardized manner at an 

institutional, national and international level. Furthermore, they may allow more appropriate allocation 

of cases to different levels of surgeons than qualitative assessments, thereby possibly reducing 

complication rates for phacoemulsification cataract surgery. 
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CHAPTER 5 

Preoperative Risk Stratification 
in Clinical Practice (Phase 2) 
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5.1 INTRODUCTION 

Analysis of Phase 1 results at GLCC, Auckland, demonstrated that the risk of an intraoperative 

complication indeed increased with higher Muhtaseb239 and Buckinghamshire preoperative risk 

scores. Following on from this, a hypothesis was formulated – that intraoperative complication rates 

may be reduced by applying the risk stratification system in clinical practice. More specifically, higher 

scoring cases would be appropriately allocated to more experienced senior surgeons (Fellow or 

Consultant) thus, in large, minimizing anticipated complications and providing safer surgery at this 

teaching hospital. For Phase 2, the Muhtaseb system239 was selected as it demonstrated a more 

significant relationship between risk scores and complication rates in Phase 1 compared to the 

Buckinghamshire system. Furthermore, the Muhtaseb system was validated in clinical practice by 

Tsinopoulos et al. in Greece.239, 246 

The research presented in this chapter aimed to assess a preoperative risk stratification system in 

routine clinical practice at a public teaching hospital and specifically its impact on intraoperative 

complication rates.  

5.2 SUBJECTS – DEMOGRAPHICS, COMORBIDITIES AND BIOMETRY 

Results 

In Phase 2, a total of 500 eyes of 500 patients were included. The preoperative profiles of cases are 

displayed in Table 5.1 along with a comparison to the 500 eyes of 496 patients in Phase 1. 

Table 5.1 Preoperative status of patients undergoing phacoemulsification cataract surgery before 
(Phase 1) and after (Phase 2) introduction of Muhtaseb’s preoperative risk stratification system.239 
Preoperative variables Phase 1 

(N=500) 
Phase 2 
(N=500) 

P-value for
difference

Age (years) - mean 
- median
- range

72 ± 12 SD 
75 

15 - 96 

74 ± 10 SD 
74 

28 - 98 
0.466 

Female 57.4% 54.6% 0.372 
Right eye 53.0% 52.8% 0.949 
First eye 61.6% 60.6% 0.746 
BMVA in operated eye 6/30 6/30 0.524 
BMVA in fellow eye 6/12 6/18 0.385 
Ethnicity 
    NZ European/European 
    Pacific Island Nations
    Asian 
    Indian 
    Other/Not identified 
    Maori  

55.6% 
14.6% 
12.4% 
  5.6% 
  6.2% 
  4.6% 

59.2% 
   9.6%a 
12.8% 
  8.4% 
  5.6% 
  4.4% 

0.250 
            0.015a

0.849 
0.083 
0.301 
0.879 

BMVA – best measured distance visual acuity 
NZ – New Zealand 
aSignificant reduction in proportion of Pacific Island Nations from Phase 1 to 2. 
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Most patients (92.4%) reported one or more medical conditions. The ten most prevalent medical co-

morbidities are presented in Table 5.2, mostly comprising of cardiovascular conditions. Only 26 

patients (5.2%) reported smoking in the last 6 months and 167 (33.4%) were ex-smokers.  

Table 5.2 Ten most reported medical comorbidities (N=500 patients). 
Medical comorbidity Number of patients Percentage (%) 
Hypertension 329 65.8 
Hyperlipidaemia 143 28.6 
Diabetes mellitus 129 25.8 
Ischaemic heart disease 104 20.8 
Cardiac arrhythmia   60 12.0 
Cerebrovascular event   57 11.4 
Asthma   53 10.6 
Osteoarthritis   52 10.4 
Gastro-oesophageal reflux disease   48   9.6 
Gout   32   6.4 
None   38   7.6 
More than one diagnoses 402 80.4 

An ocular comorbidity was present in 42.2% of eyes undergoing surgery, posing a guarded prognosis 

in some cases.(Table 5.3) Of these, primarily age-related conditions such as macular degeneration 

and glaucoma were the most common. Of cases with age-related macular degeneration, 50/63 

(79.4%) had the dry form. Eight cases (1.6%) reported taking tamsulosin or a similar alpha-receptor 

antagonist and 31 cases (6.2%) reported specifically taking doxazosin. 

Table 5.3 Co-existing ocular disease in eyes listed for cataract surgery (N=500). 
Ocular comorbidity Number of eyes Percentage (%) 
Age related macular degeneration   63 12.6% 
Glaucoma   47   9.4% 
Diabetic retinopathy   36   7.2% 
Corneal disease   27   5.4% 
Macular surgery     8   1.6% 
Previous retinal detachment     7   1.4% 
Retinal artery/vein occlusion     4   0.8% 
Other   61 12.2% 
None 289 57.8% 
More than one diagnoses   37   7.4% 

For the 500 eyes undergoing cataract surgery, preoperative mean minimum keratometry was 43.25 ± 

1.81 D and mean maximum keratometry of 44.37 ± 1.70 D. Mean axial length was 23.67 ± 1.49 mm 

and mean anterior chamber depth 3.11 ± 0.41 mm. There were no significant differences in these 

values compared to Phase 1 (P=0.536, 0.542, 0.169, 0.397 respectively). In 68 cases, the IOL master 

K (9 cases) or AL (58 cases) or ACD (1 case) was not available or unreliable thus measured with 

other techniques (quod vide chapter 3). 
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5.3 SURGICAL TECHNIQUES 

Results 

Surgery was performed with regional [sub-Tenon (93.6%)], topical (4.8%)], heavy sedation (1.0%) or 

general anaesthesia (0.6%). All cases with heavy sedation or general anaesthesia had sub-Tenon 

anaesthesia also. 

The IOL was placed in the capsular bag (98.6%, N=493) or the ciliary sulcus (1.2%, N=6). No IOL 

was inserted in one case because of intraoperative complications (zonular dialysis and vitreous loss). 

The most commonly implanted IOL (93.2%) was a single-piece foldable monofocal acrylic lens 

(SA60AT or SN60AT) with a mean power of +20.7 D. A similar platform toric IOL (SN6ATT) was 

implanted in 26 cases (5.2%). A toric IOL with plate haptics (Zeiss AT TORBI 709M, Carl Zeiss 

Meditec AG, Jena, Germany) was implanted in one case (0.2%). 

One case was performed with a scleral tunnel while all other cases were performed through a clear 

corneal incision. A wound was sutured in 14 cases (2.8%).  

The capsule was stained with Tryphan Blue in 67 cases (13.4%). Intracameral phenylephrine was 

used in 12 cases (2.4%), iris hooks in 12 cases (2.4%), capsular tension ring in 5 cases (1.0%) and a 

Malyugin ring was used in 4 cases (0.8%). Intracameral triamcinolone was used in 3 cases (0.6%) 

and intracameral acetylcholine in 7 cases (1.4%) of suspected vitreous loss. Subconjunctival 

dexamethasone was administered in 67 cases (13.4%), 12 of which had an intraoperative 

complication and 32 had a history of diabetes mellitus (3 cases had both). 

5.4 INTRAOPERATIVE ADVERSE EVENTS FOLLOWING RISK STRATIFICATION 

Results 

The median M-score was 0 and more than 90% of cases scored ≤3 in both phases of the study. 

There were fewer cases scoring M=1 and more cases scoring M=3 in Phase 2 (P<0.001 for both). 

However, there was no significant difference in the proportion of high risk cases (M>3), between 

phases (P=0.710).(Fig. 5.1) There was 92% inter-rater agreement in calculating the M-scores - 4/50 

cases scored differently on basis of indistinct documentation of pupil size, density of cataract, and 

miscellaneous risk.  
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Figure 5.1 Number of cases per M-score for phacoemulsification cataract surgery before (Phase 1, 
N=496 eyes) and after (Phase 2, N=500 eyes) implementing the Muhtaseb risk stratification 
system.239 

Data labels indicate number of cases. 

The overall rate of any intraoperative complication was 5.0% following standardized preoperative risk 

stratification and subsequent allocation based on surgeon experience. The most common 

intraoperative complication was a PCR (1.4%), iris prolapse (1.4%) and iris trauma (1.4%).(Table 5.4) 

The risk of an intraoperative complication reduced following risk stratification (OR=0.58, P=0.043, 

adjusted for surgeon level and case-mix using M-scores).  

Table 5.4 Rates of intraoperative adverse events in phacoemulsification cataract surgery following 
preoperative risk stratification and risk scores of affected cases.  
Intraoperative adverse event Number of eyes (% of 500) Risk scores 
Capsular tear - posterior 6 (1.2%) 0, 0, 1, 1, 2, 3 

- anterior 2 (0.4%) 0, 3 
- both 1 (0.2%) 0 

Iris prolapse 7 (1.4%) 0, 1, 1, 2, 3, 3, 6 
Iris trauma 7 (1.4%) 0, 0, 0, 3, 3, 4, 6 
Vitreous loss 5 (1.0%) 0, 0, 0, 3, 3 
Zonular dialysis 3 (0.6%) 0, 0, 1, 3 
Dropped nucleus fragment 2 (0.4%) 1 
Choroidal haemorrhage 0 (0.0%) 
Wound complication 0 (0.0%) 

The intraoperative complication rates increased with increasing M-scores (P=0.044, N=500). The 

odds ratio of a complication increased by 1.27 (95% CI 1.01 - 1.60, P=0.043) per unit of increase in 

M-score, adjusted for surgeon level. Prior to risk stratification, in Phase 1, the odds ratio increased by

1.37 per unit of increase in M-score (95% CI 1.15 - 1.63, P=0.001). The median M-score for

complicated cases was higher than uncomplicated cases (1 vs 0, P=0.022, N=500).
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The proportion of high risk cases (M>3) experiencing a complication reduced significantly with the 

formal introduction of risk stratification, with only 2 cases (6.1%) in Phase 2 compared to 11 (29.7%) 

in Phase 1 (P=0.014).(Fig. 5.2) The two complications in Phase 2 were iris prolapse and iris trauma, 

whereas, the 11 complications in Phase 1 comprised: capsule tear (4), vitreous loss (2), zonular 

dialysis (5), iris prolapse (1) and iris trauma (2) (these resulted in three cases of aphakia and three 

primary sulcus IOLs.) 

Figure 5.2 Proportion of phacoemulsification cataract surgery cases per M-score with an 
intraoperative complication before (Phase 1, N=496 eyes) and after (Phase 2, N=500 eyes) the 
introduction of preoperative risk stratification. 

 Data labels indicate number of cases with an intraoperative complication. 

For lower risk cases (M=1-3), there was no statistically significant difference in intraoperative 

complications between Phase 1 and Phase 2 of the study (5.9% vs 8.1%, P=0.415). However, 

interestingly there was a significant decrease in complications for cases rated M=0 (i.e. minimal risk) 

comparing Phase 1 (7.2%) with the current Phase 2 (3.1%) study (P=0.034).  

5.5 POSTOPERATIVE ADVERSE EVENTS FOLLOWING RISK STRATIFICATION 

Results 

A total of 472 cases returned for follow-up at 4 to 6 weeks postoperatively. The overall rate of 

postoperative adverse events was 7.0% (33/472 cases) with CMO being the most common 

(3.8%).(Table 5.5)  
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Table 5.5 Postoperative adverse events in phacoemulsification cataract surgery following 
preoperative risk stratification (N=472). 
Postoperative adverse event Number of eyes Percentage (%) 
Cystoid macular oedema 18 3.8 
Intraocular pressure ≥ 21mmHga 11 2.3 
Uveitis (≥2+ anterior chamber cells)   3 0.6 
Retinal detachment   1 0.2 
Endophthalmitis   0 0.0 
Corneal oedema   0 0.0 
Otherb   2 0.4 

aElevated intraocular pressure measurements were: 22 (6 cases), 23, 29 (2), 33 and 48 mmHg. 
bOther complications were vitreous to the wound (that returned to theatre for an anterior vitrectomy) 
and a nucleus fragment in the anterior chamber (requiring a surgical washout).

There was no statistically significant correlation between intraoperative complications and 

postoperative complications (P=0.638, N=472). The M-scores did not correlate with postoperative 

complication rates following risk stratification (P=0.695, adjusted for surgeon level, N=500). The risk 

of a postoperative adverse outcome in Phase 2 was not significantly different from Phase 1 (OR 0.72 

adjusted for M-score and surgeon level, P=0.203).  

5.6 VISUAL OUTCOMES FOLLOWING RISK STRATIFICATION 

Results 

The mean postoperative UAVA was 6/12 and the median UAVA was 6/9 (N=472). Mean and median 

BMVA were 6/9. Of 472 cases that returned for follow-up, 371 had auto-refraction, retinoscopy or 

subjective refraction. The mean BCVA of 69 cases that had visual acuity tested following refraction 

was 6/9 and the median was 6/7.5. 

There was no significant difference in UAVA or BMVA with or without an intraoperative complication 

(P=0.910 and P=0.727 respectively, N=472). However, UAVA was poorer with postoperative 

complications (6/9 vs 6/15, P<0.001) as was BMVA (6/9 vs 6/12, P=0.001). 

There were no significant differences in UAVA, BMVA or BCVA between Phase 1 and 2 (P=0.228, 

P=0.531, P=0.659 respectively). 

5.7 CASE-MIX ADJUSTED OUTCOMES PER SURGEON GRADE 

Results 

Surgery was performed by one of 34 surgeons - 21 Consultants, 6 Fellows and 7 Registrars – with or 

without assistance from a second surgeon. The primary surgeon was a Consultant in 54.6%, a Fellow 

in 25.4% and a Registrar in 20.0% of cases. An assistant was involved in 141 cases (28.2%) – 90 of 
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these (63.8%) were assisted by a Fellow or Consultant. Although there was a rotation of surgeons at 

GLCC, 23 surgeons were involved in both Phase 1 (328 cases, 65.6%) and Phase 2 (247 cases, 

49.4%). There was no difference in the proportion of cases performed by the different grades of 

surgeon between Phase 1 and Phase 2 (P=0.256).  

The following results should be interpreted with caution as it was difficult to determine which steps of 

the surgery were performed by the primary surgeon or the assistant. Complications were therefore 

ascribed to the primary surgeon.  

After case-mix adjustment using M-scores as an indicator of case complexity, the rate of 

intraoperative complications did not differ significantly between Registrars (7.0%), Fellows (3.9%) and 

Consultants (4.8%) (P=0.487, N=500). The odds ratio of an intraoperative complication for Registrars 

was 1.73 compared to Fellows and Consultants grouped together as more experienced ‘senior 

surgeons’ but this did not reach statistical significance (P=0.239, N=500).  

Table 5.6 Rate of intraoperative adverse events per surgeon group in Phase 1 and 2. 
Surgeon group Phase 1 Phase 2 P-value
Registrar 10/93 (10.8%)   7/100 (7.0%) 0.358 
Fellow   7/109 (6.4%)   5/127 (3.9%) 0.384 
Consultant 25/298 (8.4%) 13/273 (4.8%) 0.082 
Total 42/500 (8.4%) 25/500 (5.0%) 0.316 

For all surgeon groups, intraoperative complications occurred with a range of M-scores.(Table 5.7) 

Table 5.7 M-scores for each type of intraoperative complication per surgeon grade before (Phase 1) 
and after (Phase 2) preoperative risk stratification. 
Phase 1 
(N=500) 

Registrar 
(N=93) 

Fellow 
(N=109) 

Consultant 
(N=298) 

Capsular tear - posterior 0,0,0,3,4 0,0,0,1,1,1,1,4 
- anterior 0,0,0 0 0,0,5,6 

Iris prolapse 0,0,1 2,3 0,0,0,0,1,3,4,5 
Iris trauma 0,5,5 1,4 
Vitreous loss 1,1 
Zonular dialysis 1 0,0,0,4,4,6,7 
Dropped nucleus fragment 1 
Phase 2 
(N=500) 

Registrar 
(N=100) 

Fellow 
(N=127) 

Consultant 
(N=273) 

Capsular tear - posterior 3 0 0,0,1,1,2 
- anterior 0 0,3 

Iris prolapse 3 1,1 0,2,3,6 
Iris trauma 0,3,4 0 0,3,6 
Vitreous loss 3,3 0 0,0 
Zonular dialysis 3 0,1 
Dropped nucleus fragment 0 1 

Some cases had more than one intraoperative complication. 
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In Phase 2, there was only one high risk case (M=4 with dense cataract and small pupil) operated by 

a Registrar (assisted by a Consultant) and this case had an intraoperative complication (iris trauma). 

The reasons why a Registrar operated on a high risk case were not documented. Previously in Phase 

1, seven high risk cases were primarily operated upon by a Registrar (five with M=4 and two with 

M=5) and one of these seven (14.3%) had a complication (PCR).  

The rate of postoperative adverse events for Registrars increased in Phase 2 to 5.3% but the 

difference from Phase 1 (2.2%) was not statistically significant (P=0.271). There was a trend of 

reduction for Fellows and Consultants following risk stratification although the results were not 

statistically significant.(Table 5.8) The case-mix adjusted odds ratio for a Registrar having a 

postoperative adverse event in Phase 2 was 0.69 compared to Fellows and Consultants but this did 

not reach statistical significance (P=0.463).  

Table 5.8 Rate of postoperative adverse events per surgeon group in Phase 1 and 2. 
Surgeon group Phase 1 Phase 2 P-value
Registrar 0.271 
Fellow 0.267 
Consultant 0.575 
Total 

    2/90  (2.2%)   
12/101(11.9%) 
25/288  (8.7%) 
39/479  (8.1%) 

    5/94 (5.3%)    
9/120 (7.5%)  

19/258 (7.4%) 
33/472 (7.0%) 0.503 

5.8 DISCUSSION 

This study supports the relatively easy institutional introduction of a simple, standardized, 

preoperative risk stratification system to improve safety of phacoemulsification surgery in the public 

teaching hospital setting. The prospective assessment of 1000 phacoemulsification procedures 

demonstrates a significant reduction in intraoperative complications following implementation of the 

Muhtaseb risk stratification system.239 

5.8a Subjects – demographics, comorbidities and biometry 

Patients were generally elderly, NZ European/European females. There was a smaller proportion of 

Pacific Island Nations in Phase 2 (9.6%) compared to Phase 1 (14.6%), which may have reduced the 

risk profile for complications, knowing that this group presents with poorer preoperative BMVA and 

diabetes mellitus. However, there was no significant difference in the average preoperative BMVA of 

operated eyes (6/30) or the proportion of diabetes mellitus (31% vs 26%, P=0.078) between Phase 1 

and Phase 2. 

The most commonly reported medical comorbidities were again comprised of cardiovascular 

conditions although in Phase 2, hyperlipidaemia (28.6%) was more prevalent than diabetes mellitus 

(25.8%) or ischaemic heart disease (20.8%).   



69 

Similarly, the top five ocular comorbidities were the same as in Phase 1 but age related macular 

degeneration (12.6%) was more prevalent than glaucoma (9.4%) or diabetic retinopathy (7.2%). The 

influence of such ocular comorbidities on pre- and post-operative visual acuity can be variable but 

should be considered in comparing surgical results from different populations. 

Axial length and anterior chamber depth, which can be a risk factor for intraoperative complications, 

did not differ from Phase 1.102, 239-241, 364, 378, 379 However, a significant proportion of cases (9.8% in 

Phase 1 and 13.6% in Phase 2) had secondary measurements because routine biometry using the 

IOL-Master was unreliable or unavailable. These mostly involved difficulty in measuring the axial 

length, which may reflect the considerable number of dense cataracts in this study. This could 

potentially affect the accuracy of IOL power calculations and subsequent visual outcomes. 

5.8b Surgical techniques 

In Phase 2, there was only one case resulting in aphakia following surgery compared to five cases in 

Phase 1. The number of primary IOL implantations outside the capsular bag were also fewer in Phase 

2 than Phase 1 (1.2% vs 2.8% in the ciliary sulcus and 0.0% vs 0.2% in the anterior chamber 

respectively). These outcomes may reflect the impact of fewer intraoperative complications following 

preoperative risk stratification. 

5.8c Intraoperative adverse events following risk stratification 

Following evaluation of the initial observational series (Phase 1), cases with an M-score >3 were 

noted to have a significantly higher risk of intraoperative complications. Thus, in Phase 2 (unlike 

Phase 1 where the surgeon was unaware of the M-score) all surgeons were advised that cases with 

an M-score of >3 should be performed by more experienced or senior surgeons (Fellow/Consultant). 

Following this modification to standard practice for cataract surgery, there was an overall 40% 

reduction in intraoperative complications in Phase 2 compared to Phase 1 (8.4% vs 5.0%). Moreover, 

complications in higher risk cases were less significant or vision-threatening in Phase 2. Thus this 

unmodified, standardized scoring system appears to be a useful objective tool for directing 

appropriate cases to more experienced surgeons in a teaching hospital environment, thereby 

reducing the risk of surgical complications. 

Despite a relatively small number of high risk cases that may have been reallocated to more senior 

surgeons (by applying M-scores) in Phase 1, there was a relatively large reduction in complications in 

the current study (Phase 2) when such allocation was made on M-score.  

Factors, other than the risk scoring and case allocation alone, that may also have contributed to this 

reduction in complications include a different case-mix, different surgeons, increased precautions 

taken by all surgeons when risk scores were clearly documented, and the Hawthorne or observer’s 
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effect.380  However, there was no significant difference in the overall case-mix between Phase 1 and 2 

according to the proportions per M-score. Furthermore, the proportion of cases performed by 

Registrars, Fellows and Consultants were constant between Phase 1 and 2. Allowing for rotation of 

staff, a large number of the same surgeons (N=23) were involved in both phases of the study, 

conducting 66% of cases in Phase 1 and 49% of cases in Phase 2. Importantly, in terms of 

comparison of the current phase with the earlier phase of these prospective studies, the relative 

experience of the mix of Registrars, Fellows and Consultants typically remains constant at GLCC. 

 

The greatest beneficial impact of the risk stratification system probably lies in the core information 

summary it provides to all surgeons regarding the potential risks and difficulties in each case. In 

Phase 1, the surgeons were masked to the M-scores although the standard clinical information used 

to calculate these scores was available in the patient notes to make a qualitative assessment. 

Whereas, in Phase 2, the quantitative standardized M-score was clearly and prominently documented 

in the surgical notes, appropriately advising that higher risk cases should be operated by more 

experienced surgeons. However, risk stratification may also simply increase surgeons’ general 

awareness of risk factors, encouraging appropriate precautions and planning for modification of 

surgical techniques or additional equipment/agents as required in order to avoid complications.  

 

Interestingly, there was also a significant reduction in complication rates for cases with no discernable 

risk factors (M=0) in Phase 2 despite no specific change in the management of these cases and 

surgeons of all levels operated on this group in both phases of the study. Notably, all surgeons were 

informed prior to commencement of the study that all results would be anonymous and pooled into 

Registrar, Fellow, and Consultant categories for analysis. However, in Phase 2, the documented risk 

score and surgical note template may have acted as a constant reminder to surgeons that all cases 

were being analyzed. Also, the outcomes in Phase 1 were fed back to the surgeons as a group before 

commencing Phase 2. This may have provided the known beneficial effects of audit and feedback to 

the group.381, 382 Despite individual anonymity in terms of outcomes, surgeons may also have a 

tendency to minimize risk when aware of results being observed and/or may have a natural 

reluctance in reporting minor adverse events that might be viewed as “complications”.  

 

It is also important to note that M=0 does not actually equate to being risk-free as any surgery 

obviously has the potential risk of complication. Of individual intraoperative complications, 12 of the 

32 (37.5%) occurred in cases with M=0. The study also relied on careful assessment of risk factors 

and thorough documentation, which was variable in practice. Factors that were not documented were 

not scored thus may have resulted in an underestimate of the true risk. Clinically, this could lead to 

avoidable complications. This limitation may easily be overcome by utilizing a simple standardized 

preoperative scoring sheet including all the risk factors in the stratification system at the preoperative 

consultation. Furthermore, the M-score system does not incorporate all possible risk factors.  
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There are several other preoperative risk stratification systems reported in the literature that 

incorporate different risk factors.102, 239, 240, 364 As the prevalence of different risk factors varies 

between populations, it is important to use a risk stratification system that is best-suited for the local 

population. This is likely to give a better indication of the risks without being compounded by scoring 

irrelevant risk factors. NZ has a similar health system to the UK NHS and the Muhtaseb system was 

developed in the UK using evidence from the international literature regarding relevant risk factors.239 

This included the Najjar and Awwad risk score for trainee surgeons.364 However, there may be other 

risk factors peculiar to the NZ population that differ from the UK including ethnic mix, relatively 

advanced cataracts and ocular comorbidities, as suggested in a recent study from Waikato, NZ.383 It 

may be possible to fine-tune the Muhtaseb system for enhanced utility in NZ or other countries by 

considering outcomes from the current study and an ongoing assessment of risk factors and their 

odds ratios for a complication. 

When applying a risk scoring system it must be recognized that the surgical experience of trainees 

varies between institutions. For example, in the current study, the Auckland Ophthalmology service 

typically serves a population with poorer presenting visual acuities than many other centres in the 

developed world.253, 254 This is influenced by the significant number of Maori and Pacifika who present 

with relatively poor visual acuity and more advanced cataract compared to the rest of the 

population.257, 383, 384 Paradoxically, for the local ophthalmic trainees, this setting may enhance their 

ability to manage more dense cataracts, therefore the risk of a complication associated with such 

cases may not be as high as in other centres. On the other hand, the local trainees may be less 

experienced in managing cases with pseudoexfoliation compared to Sweden where the prevalence of 

this condition is more common.385 Hence, each institution or professional college may need to use a 

modified risk stratification system or a different transition score for allocating cases to surgical 

trainees. 

The inter-rater agreement of M-scores was high (92%) suggesting that the risk stratification system 

may be easily adopted by other surgeons. The current method of an independent investigator scoring 

all cases may be better replaced by surgeons scoring each case – possibly on a simple computer 

application -  during the preoperative assessment with the patient in front of them. This would address 

some of the limitations of insufficient documentation and improve the accuracy of scoring. 

Furthermore, it provides a quantitative risk score that may be helpful to patients during the discussion 

about their personalised risks. 

5.8d Postoperative adverse events following risk stratification 

It appears that the risk stratification system had no significant effect on postoperative complications 

although there was a trend of reduction (8.1% in Phase 1 to 7.0% in Phase 2, p=0.503). It must be 

noted that Muhtaseb’s system was specifically designed for intraoperative complications and the 

effect on reducing an (already uncommon) intraoperative complications in the current study may not 
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impact on overall postoperative complications.239 Nonetheless, preventing an intraoperative 

complication may carry significant value for individual cases e.g. PCR is strongly associated with 

vision-threatening postoperative complications, such as CMO and retinal detachments.255, 337, 386  

Of note, in Phase 2, there were no cases of corneal oedema at the 4 to 6-week follow-up, whereas 

there were 5 cases in Phase 1. Prior to risk stratification (Phase 1), more Registrars operated on 

higher risk cases with dense cataracts. Registrars take longer to complete a cataract operation and 

the prolonged phacoemulsification time with increased total ultrasound energy in these cases may 

have increased the risk of persistent corneal oedema.345, 387-389 There is also a report hypothesizing 

that more cases performed by Registrars later in their training (cases 121-180) result in persistent 

corneal oedema than for earlier cases (cases 61-120) due to performing most of the 

phacoemulsification more anteriorly in an effort to avoid posterior capsule complications encountered 

in earlier cases.342. Also, a case-control study reported that the existence of diabetes mellitus type 2 

may be a risk factor in the development of persistent corneal oedema following phacoemulsification 

cataract surgery.390 Although the type of diabetes mellitus was not differentiated, the smaller 

proportion in Phase 2 (25.8%) compared to Phase 1 (30.8%) may have contributed to the reduction of 

this postoperative complication. 

There was one more case of CMO and one case of retinal detachment following risk stratification, 

although the low rates were not statistically significantly different from Phase 1. Risk factors for 

postoperative CMO include older age, PCR, epiretinal membrane, uveitis, retinal vein occlusion and 

retinal detachment repair.349 There is also an increased risk with diabetes mellitus without retinopathy 

and greater still with increasing severity of diabetic retinopathy.349 None of these risk factors were 

particularly more prevalent in Phase 2. 

In Phase 2, there were two cases of “other” complications (vitreous to the wound and a nucleus 

fragment in the anterior chamber), two cases of dropped nucleus, and a retinal detachment requiring 

a revisit to the operating room. The higher rate of return to theatre has been associated with lower 

levels of trainees although Menda et al. reported the lowest rate in the first quarter of the academic 

year, which they associated with greater supervision during this period.391-393 In the current study, 

there was no difference in the proportion of cases performed by trainees in Phase 1 and Phase 2. The 

four cases with intraoperative complications were actually performed by senior surgeons. All surgeons 

are at risk of such complications and should inspect the eye thoroughly at the conclusion of each case 

to avoid inadvertent harm. 

5.8e Visual outcomes following risk stratification 

There were no significant differences in UAVA, BMVA or BCVA between Phase 1 and 2. Visual 

outcomes of cases with an intraoperative complication were not significantly different to those without 

an intraoperative complication. Risk stratification does not appear to have a significant effect on visual 
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outcomes for the overall group. The effect of reducing an already small number of intraoperative 

complications may not impact the overall postoperative visual acuity. However, individual cases may 

benefit from improved visual outcomes by avoiding intraoperative complications through preoperative 

risk stratification.  

5.8f Case-mix adjusted outcomes per surgeon grade 

Following risk stratification, there was a trend of reduction in intraoperative complication rates for all 

three surgeon groups, albeit not statistically significant, which again demonstrates the utility of risk 

stratification systems for all cases and not limited to trainees.  

Allowing for different case-complexities, the absolute complication rates and the case-mix adjusted 

odds ratios all suggest that Registrars have an increased risk of intraoperative complications than 

senior surgeons but without statistical significance. Obviously, there is a learning curve for all 

surgeons and complication rates reduce with more experience, especially dramatic after the first 75-

80 cases.343-345, 394, 395 However, multiple studies have reported a similar observation to the current 

study, that there is no significant difference in complication rates between trainees and consultants 

when cases are appropriately allocated. 347, 348, 362  

In terms of postoperative adverse events, there was a statistically non-significant increase for 

Registrars in Phase 2 (2.2% to 5.3%) whilst an anticipated reduction was observed for Fellows and 

Consultants. However, it is also interesting to see that the Registrars had a lower odds ratio for 

postoperative events than senior surgeons before and after risk stratification. It is easy to suggest that 

the intraoperative events that Registrars had encountered, especially in Phase 1, had less 

postoperative consequences but there was no correlation between having an intraoperative event and 

a postoperative event. With complications being infrequent, it is difficult to determine whether one 

type of complication was significantly more common for certain surgeon grades. With a greater 

number of surgical cases, it may be possible to ascertain whether trainees need to be particularly 

wary of certain intraoperative complications or avoid particular preoperative risk factors. A separate 

study of cases performed by trainees may also help better distinguish a suitable transition score for 

them specifically. 

To increase total data per surgeon grade, cases in Phase 1 and Phase 2 were combined, albeit 

before and after risk stratification, to calculate the odds ratios for an intraoperative complication in

each group. However, there was still no significant difference between the odds ratios for Registrars 

(1.49, P=0.195) or Fellows (0.71, P=0.327) compared to Consultants (1.00), allowing for the different 

phases of study (before and after risk stratification) and the case-mix.(Table 5.9) However, the 

difference in odds ratios was again closer to reaching statistical significance (P=0.099) when 

Registrars (OR=1.64) were compared to senior surgeons (OR=1.00). 



74 

Similarly, for postoperative complications, there was no significant difference between Registrars 

(OR=0.46, P=0.064), Fellows (OR=1.17, P=0.568) and Consultants (OR=1.00). However, 

interestingly, Registrars had a significantly lower odds ratio for a postoperative complication than 

senior surgeons grouped together (OR=0.44, P=0.044). Although there was no statistically 

significant correlation between intraoperative and postoperative complications (P=0.072 as noted in 

chapter 4), it may be that the senior surgeons avoided the intraoperative complications using their 

advanced skills and experience, but the higher risk cases they operated on still had greater intrinsic 

risks for postoperative complications than those operated by Registrars.

Table 5.9 Odds ratios (OR) per surgeon grade of an intraoperative or postoperative complication 
for phacoemulsification cataract surgery with 95% confidence intervals.239 

Surgeon grade OR for intraoperative 
complications P-value OR for postoperative 

complications P-value

Consultant 1.00 
Fellow 0.71 (0.36 – 1.40) 0.327 0.568 
Registrar 1.49 (0.81 – 2.74) 0.195 

1.00 
1.17 (0.68 – 2.03) 
0.46 (0.20 – 1.04 ) 0.064 

Adjusted for case complexity using preoperative risk scores based on Muhtaseb risk stratification 
system239and phase of study (before and after risk stratification) 

A limitation in this study is that a large number of cases involved an assistant surgeon. Even with a 

simple template for intraoperative documentation, there were difficulties in discriminating the precise 

surgeon at each step of the procedure from the operation notes, thus complications were ascribed to 

the “primary surgeon”. Ideally, only cases performed by single surgeons should be analyzed to 

compare outcomes. However, these are limitations of clinical research in real-life public hospital 

settings with surgical supervision and highlight the potential complexities in applying a 

stratification/allocation system in practice.  

5.9 CONCLUSIONS 

In conclusion, this study observed a very significant reduction in intraoperative complications following 

implementation of Muhtaseb’s preoperative risk stratification system for phacoemulsification cataract 

surgery. There was also an overall trend of reduction in postoperative adverse events although there 

was no significant effect on visual acuities. Such a simple standardized system may increase the 

awareness of risk factors for all surgeons that may help them better prepare for potential 

intraoperative difficulties. Also, high risk cases were appropriately allocated to senior surgeons 

through standardized preoperative risk stratification, potentially avoiding complications that may have 

occurred with qualitative risk assessments and allocation to trainees.  

Overall, the risk stratification system appears to support the delivery of safer cataract surgery in a 

public teaching hospital setting. The current risk stratification system may evolve further to match the 

NZ population and surgeons’ experience and skill as well as incorporate our increasing understanding 

of cataract and its surgical management.  



75 
 

 
 
 
 

 

 

 

 
 
 
 
 
 

 
 

SECTION III 
 

RELATED CLINICAL STUDIES 
 
 
 
 
 
 
 
 



76 

CHAPTER 6 

Astigmatic Correction with Toric 
Intraocular Lenses in a Public Teaching 

Hospital 
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6.1 INTRODUCTION 

Manifest astigmatism is a combination of corneal and lenticular astigmatism that is dynamic and 

altered by changes in the shape of ocular structures, refractive index, pupil size, eyelids, extraocular 

muscles, accommodation and tear film status.16 The interplay between these factors also changes 

with age. In infancy, the vertical corneal meridian is generally steeper than the horizontal meridian 

due to pressure from the eyelids, resulting in with-the-rule astigmatism.396-398 Most infants aged 3 

months have at least 1 D of with-the-rule corneal astigmatism but there is a significant reduction in the 

first 2 - 3 years of life as the horizontal meridian steepens.396, 399-402 The corneal and refractive 

astigmatism remains with-the-rule up to adolescence at around 0.62 - 0.73 D and 0.41 - 0.46 D 

respectively.399-401 The refractive astigmatism is lower than the corneal astigmatism because lenticular 

astigmatism, which is typically against-the-rule, counteracts corneal astigmatism.397, 401, 403, 404 In older 

age, especially over the age of 50, corneal astigmatism develops further against-the-rule along with 

lenticular astigmatism, resulting in an overall against-the-rule refractive astigmatism for most cataract 

patients.397, 401, 403-408

As the cataractous lens is extracted during surgery, the lenticular astigmatism is eliminated 

postoperatively. In patients assessed for routine cataract surgery, the mean preoperative corneal 

astigmatism ranges between 0.9 – 1.12 D with 8 – 15% of eyes having >2 D.409-412 Residual 

astigmatism following phacoemulsification cataract surgery remains one of the most significant, yet 

often treatable factors leading to poorer UAVA and spectacle dependence. Although residual 

astigmatism less than 0.5 D does not significantly worsen UAVA,413 there is around 0.11 - 0.38 

logMAR (5 - 19 letters) loss in UAVA and 34 times greater likelihood of requiring spectacles with 

every dioptre of residual astigmatism.414-417 

In contemporary phacoemulsification cataract surgery, the flattening effect of clear corneal incisions 

may be applied to reduce the corneal astigmatism by 0.26 – 0.85 D.196-198, 418-420 The length and 

location of the incisions can be modified to suit different corneas and achieve minimal residual 

astigmatism. Longer incisions tend to produce a greater flattening effect: 0.0 - 0.5 D with ≤2.2 mm 

incisions and 0.5 – 1.0 D with ≥2.75 mm incisions.272, 274, 290, 420-424 In most adults undergoing cataract 

surgery, the corneal diameter is wider horizontally than vertically. Thus, temporal incisions tend to be 

furthest away from the central axis and have the least astigmatic effect (0.26 - 0.62 D) followed by 

supero-temporal (0.29 - 0.63 D), nasal (0.41 - 1.05 D), supero-nasal (0.50 - 0.97 D) and superior 

(0.82 - 1.44 D) incisions.420, 422, 425-430 The incision may also be created “on-axis” for the greatest 

flattening effect at the steepest meridian but there may be practical issues limiting the length and 

location of incisions, such as deep-set eyes, abnormalities of ocular tissues, surgeon hand and 

seating preference, speculum and microscope arrangements.272, 423, 424  

In order to manage astigmatism at the time of cataract surgery beyond the limitations of clear corneal 

incisions, the first toric IOL was introduced in 1992 by Shimizu et al.431 This was a 3-piece non-
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foldable PMMA IOL available in cylinder powers of 2 or 3 D. The rapid development of toric IOLs in 

different materials and designs, as well as the improvements in assessing preoperative astigmatism 

such as widespread introduction of corneal topography, now enable correction of a wider range of 
astigmatism with greater accuracy.(Fig 6.1) Such advances help to meet the increasing patient and 

surgeon expectations of high quality vision following phacoemulsification cataract surgery. 

Figure 6.1 Different designs of toric intraocular lenses (IOL) with markings indicating the plus axis of 
cylinder: (A) Rayner toric IOL – arrows point to line markings on the IOL and arrowheads outline the 
edge of the capsulorhexis, (B) Zeiss AT TORBI IOL with plate haptics and line markings, and (C) 
AcrySof toric IOL with dot markings. (Courtesy of Prof. CNJ McGhee) 

Generally, surgeons consider a toric IOL when preoperative corneal astigmatism is ≥1.5D.424, 432, 433 

Lower thresholds of ≥1 D are advised in some private centres434 and public hospitals.435-442 Toric IOLs 

are funded within the public healthcare system at GLCC with the recommendation that surgeons 

consider a toric IOL if the keratometric astigmatism is ≥2.0 D, which corresponds to around 11% of 

cataract cases at GLCC. 

The purpose of this chapter was to evaluate the overall utilization and complications associated with 

toric IOLs and to determine their success in correcting astigmatism. A subgroup of patients with 

significant corneal astigmatism who had a toric IOL inserted, were identified from a cohort of 1000 

cases undergoing phacoemulsification of cataract in a New Zealand public teaching hospital. 

B

C

A
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6.2 METHODS 

A prospective observational study of phacoemulsification cataract surgery at GLCC, Auckland 

(Auckland Cataract Study ll – Phase 1 and 2) was presented in chapters 3 to 5. This involved a total 

of 1000 phacoemulsification cases [500 consecutive cases performed in April – June 2015 (Phase 1) 

and another 500 consecutive cases in February – April 2016 (Phase 2)].  

Of these 1000 cases, one investigator (BZK) reviewed the clinical and surgical notes for all cases that 

had undergone a toric IOL implantation. The following data were collected and analyzed: magnitude 

and axis of preoperative corneal astigmatism, method of assessing preoperative corneal astigmatism, 

preoperative BCVA, toric IOL calculation, type of toric IOL, intraoperative and postoperative adverse 

events, target astigmatism, postoperative axis alignment, postoperative UAVA, BCVA and refraction. 

At GLCC, biometry was routinely performed with the partial coherence interferometry IOL-Master. If 

IOL-Master results were unattainable or unreliable Nidek KM-500, Humphrey 599, Topcon OM-4 and 

Ocuscan contact (non-immersion) ultrasound were used.  

To mark the axis for toric IOL alignment preoperatively, the standard practice involved: A) the patient 

was seated upright at the slit-lamp bio-microscope to avoid cyclotorsion of the eye, B) the corneal 

limbus was marked at 0° and 180° with a sterile ink pen utilizing a horizontal slit-beam for alignment 

and C) the axis of planned IOL alignment was either marked preoperatively using axis alignment of 

the slit-lamp beam or intraoperatively using a Mendez gauge.  

Vector analysis were performed using the Alpins method.443 Surgically induced astigmatism (SIA) was 

defined as the actual astigmatic change the surgery induced (postoperative astigmatism – 

preoperative astigmatism). This is the overall effect from the toric IOL and corneal incision thus differs 

from the SIA mentioned in earlier chapters, which referred specifically to the change in corneal 

astigmatism due to incisions. Target induced astigmatism (TIA) was defined as the astigmatic change 

that the surgery intended to induce (target astigmatism – preoperative astigmatism). The difference 

vector (DV) was defined as the astigmatic change required in the initial surgery to achieve the 

intended target (postoperative astigmatism – target astigmatism). This measure should ideally be zero 

with fully successful astigmatic correction. The correction index (CI) was determined by the ratio of 

the SIA over the TIA, providing a measure of the proportion of actual astigmatic correction over what 

was intended. This is ideally 1.0 with results >1.0 indicating over-correction and <1.0 indicating under-

correction. Magnitude of error (ME) was defined as the difference in magnitudes of SIA and TIA with 

positive values indicating over-correction and negative values indicating under-correction. Angle of 

error (AE) was defined as the angle between the SIA and TIA vectors. The mean index of success 

(IOS) was calculated by dividing the DV by TIA, again ideally tending towards zero.  
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Polar values (magnitude and axis of astigmatism) were converted to Cartesian (C and U) coordinates 

to determine the mean of the sample. The conversion was based on the formulae C = a cos 2q and U 

= a sin 2q, where a is the magnitude and q is the steep axis of astigmatism. C and U coordinates 

were calculated for preoperative, postoperative and target astigmatism. The C and U coordinates for 

SIA were calculated by subtracting Cpreop from Cpostop and Upreop from Upostop. The centroid or aggregate 

SIA value was calculated from (CmeanSIA,UmeanSIA) using the mean values of Cpreop, Cpostop, Upreop and 

Upostop. The coordinates were then converted for the magnitude using the formula magnitude = Ö(C2 + 

U2) and the angle using the formula q = 0.5 x arctan(U/C). 

Statistical analyses were performed using SPSS version 22 and 23 (Statistical Package for the Social 

Sciences GmbH Software, Munich, Germany). Visual acuities were converted to logMAR scales for 

calculations (reported as Snellen equivalents). Counting fingers vision was converted to logMAR 1.7, 

hand movements to logMAR 2.0 and projection of light to logMAR 2.3. Mean values were reported 

with standard deviations. Median values and non-parametric tests were used if variables did not 

demonstrate a Gaussian distribution. The Wilcoxon Signed-Rank test was performed to compare 

differences between related groups for variables without a normal distribution. P values <0.05 were 

considered statistically significant. 

6.3 RESULTS 

From a combined cohort of 1000 cases undergoing phacoemulsification cataract surgery, 59 cases 

(5.9%) received a toric IOL. An AcrySof IQ SN6ATT toric IOL was implanted in 58 cases [32 (6.4%) 

cases in Phase 1 and 26 (5.2%) cases in Phase 2] and a Zeiss AT TORBI 709M IOL was implanted in 

one case in Phase 2. There were no discernable factors in the case with a Zeiss toric IOL that 

suggested the case was unsuitable for an AcrySof IOL (the standard IOL used at GLCC). All cases 

planned for a toric IOL were free from intraoperative posterior capsular complications and the IOL was 

implanted in the capsular bag. 

The mean preoperative visual acuity in eyes planned for a toric IOL was 6/30 and the median was 

6/18. Pre-existing ocular comorbidities other than refractive errors are outlined in Table 6.1. Corneal 

diseases included Salzmann nodular degeneration with previous superficial keratectomy (1), Fuchs' 

endothelial corneal dystrophy (FECD) (2), pterygia (2) and Vogt limbal girdle degeneration (1). Other 

ocular comorbidities included trauma, optic neuropathy, trabeculitis, macular telangiectasia, uveitis, 

epiretinal membrane and ocular hypertension. There were also three cases of amblyopia affecting the 

operated eye.  
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Table 6.1 Pre-existing ocular comorbidities in cases of phacoemulsification cataract surgery with a 
toric IOL implant (N=59). 
Ocular Comorbidity Number of cases (%) 
Corneal disease   6 (10.2%) 
Glaucoma 5 (8.5%) 
Age related macular degeneration 4 (6.8%) 
Diabetic retinopathy 2 (3.4%) 
Previous retinal detachment 2 (3.4%) 
Other 11 (18.6%) 
None 34 (57.6%) 
More than one diagnoses 3 (5.1%) 

For the combined total cohort of 1000 cases, the mean preoperative keratometric astigmatism 

measured on IOL-Master was 1.12 ± 1.21 D (median 0.87 D, range 0.00 – 19.78 D). The keratometric 

astigmatism was <1.00 D in 57% of cases, 1.00 – 1.99 D in 32.3%, 2.00 – 2.99 D in 7.4% and ≥3.0 D 

in 3.3%. Of 13 cases with very high astigmatism (≥4 D), seven had a toric IOL, two exhibited 

keratoconus, another three had irregular corneal scarring unsuitable for a toric IOL correction and one 

case had no obvious discernible reason for not receiving a toric IOL. 

For eyes that had a toric IOL, the mean preoperative keratometric astigmatism was 2.85 ± 1.04 D 

(median 2.63 D, range 1.26 – 7.09 D, N=59).(Fig. 6.2) For eyes that did not have a toric IOL, the 

mean preoperative keratometric astigmatism was 0.95 ± 0.62 D (median 0.81 D, range 0.0 – 6.0, 

N=936 excluding five eyes with ≥4 D of keratometric astigmatism that were unsuitable for correction 

with a toric IOL). There was a statistically significant difference from eyes that received a toric IOL 

(P<0.001). Corneal topography was assessed using Orbscan II (Bausch & Lomb, Orbtek Inc., Salt 

Lake City, UT) in 53 cases (89.8%). The IOL-Master keratometry tended to provide higher astigmatic 

measurements than the Orbscan with a mean difference of 0.36 ± 0.45 D (median 0.27 D, range 0.00 

– 2.89 D), which was not statistically significant (P=0.104). The difference in the steep axis of 

astigmatism between IOL Master and Orbscan was 4.4 ± 6.5° (median 3.0°, range 0.0° – 34.0°).

Figure 6.2 Range of preoperative cylinder on IOL-Master in cases planned for a toric intraocular lens 
implant (N=59). 
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The mean spherical power of the toric IOLs was +20.7 D. Of the 58 cases in which an AcrySof toric 

IOL was intended, in 44 (75.9%) the IOL power and axis of alignment was calculated using the web-

based toric IOL calculator available on the manufacturer’s website 

(http://www.acrysoftoriccalculator.com/aspheric/Calculator.aspx). The IOL-Master keratometry was 

utilized with the calculator in 38, the Orbscan simulated keratometry (SimK) in five and the Nidek 

handheld keratometry in one case. 

The Barrett calculator available from the American Society of Cataract and Refractive Surgery 

(ASCRS) website (http://www.ascrs.org/barrett-toric-calculator) was used in 13 cases (22.4%), all with 

keratometry measurements taken from the IOL-Master. There was no documentation to indicate 

which calculator was used in the remaining one case (1.7%). The designated ZCalc available on the 

manufacturer’s website (https://zcalc.meditec.zeiss.com/) was used for the Zeiss toric IOL.  

Table 6.2 displays the number of cases per AcrySof toric IOL model providing different cylinder 

powers. The Zeiss toric IOL had a cylinder power of 4.5 D. Although the contemporaneous 

recommended indication for a toric IOL in the ADHB service was ≥2.00D, six cases received a toric 

IOL with <2 D of keratometric astigmatism, including two cases <1.5 D. 

All cases with a toric IOL were performed with a clear corneal incision but the precise axis of the 

incision was not clearly documented in most cases. None of the cases had peripheral corneal limbal 

incisions or other surgical modifications to reduce astigmatism. 

Table 6.2 Range of cylinder power provided with AcrySof IQ toric intraocular lens models (SN6ATT) 
and number of cases per model (N=58). 

IOL model 
Corneal astigmatism 
correction range (D)* 

IOL cylinder power (D) 
Number of cases 

Corneal plane IOL plane 

T2 0.50 – 0.90 0.68 1.00   1 

T3 0.90 – 1.50 1.03 1.50   3 

T4 1.50 – 2.00 1.55 2.25 14 

T5 2.00 – 2.50 2.06 3.00 11 

T6 2.50 – 3.00 2.57 3.75 14 

T7 3.00 – 3.50 3.08 4.50   6 

T8 3.50 – 4.00 3.60 5.25   5 

T9 ≥ 4.00 4.11 6.00   4 

*As recommended by the manufacturer444

Three cases had an intraoperative adverse event (iris trauma, limited anterior capsule tear, zonular 

dialysis) and six cases had a postoperative adverse event 4 - 6 weeks after surgery (one case of 

corneal oedema, two cases with IOP 23-24, three cases of CMO).  

There were 5 cases (8.5%) that did not attend follow-up 4 - 6 weeks after surgery. The mean 
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postoperative UAVA was 6/12 and median 6/9 (N=54). This was not significantly different from cases 

that did not receive a toric IOL (mean 6/12, median 6/9, P=0.490, N=893). The mean and median 

BMVA was 6/9, which again was not significantly different from the non-toric cases (mean and median 

6/9, P=0.639, N=893). Two cases had worse BMVA than preoperatively - one had postoperative CMO 

and the other was amblyopic with variable preoperative measurements on IOL-Master, Nidek 

automated keratometer and Orbscan topography.  

The axis of the toric IOL alignment was documented on postoperative day 1 in eight (13.6%) cases, at 

the 4 – 6-week follow-up in seven (11.9%) cases, at both time-points in five (8.5%) other cases and 

not clearly documented in 39 (66.1%) cases. Excluding one obvious outlier that was erroneously 

aligned at 80° instead of 8°, the IOLs were aligned on average 4.1 ± 3.6° off the intended axis 

(median 3.5°, range 0 -12°) the day after the operation. At 1 month postoperatively, the toric axis was 

misaligned by 3.3 ± 2.6° from intended axis (median 3.5, range 0 - 8°).  

For eyes that had a postoperative check of IOL alignment, the ideal position of the toric IOL for 

maximal astigmatic correction was calculated using the Toric Results Analyzer available on the 

ASCRS website (http://www.ascrs.org/toric_results_analyzer). Two eyes were excluded as AcrySof 

SN6AT2 and Zeiss TORBI IOLs were not included in the calculator. Another two eyes were excluded 

as they did not have postoperative refraction. The mean degrees of rotation required was 8.1° 

(median 2°, range 0° - 73°, N=16). However, excluding the one extreme outlier requiring 73° of 

rotation, the mean was 3.8° (0° - 25°). 

Figure 6.3 Postoperative unaided, best-measured and best-corrected visual acuities following 
phacoemulsification cataract surgery with toric intraocular lenses.(N=54) 
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Postoperative refraction was performed in 47 (87.0%) cases. The mean and median postoperative 

BCVA was 6/9, which was not significantly different from the non-toric group (mean 6/9, median 6/7.5, 

N=47, P=0.137) The mean postoperative spherical equivalent was -0.28 ± 1.03 D and median -0.50 

D. The spherical equivalent was within ±0.50 D in 25 refracted cases (53.2%). Mean postoperative

refractive astigmatism was 1.15 ± 0.80 D and median 1.00 D. Residual refractive astigmatism of

≤1.00 D was achieved in 53% of eyes. The mean target residual astigmatism was 0.36 D. Five cases

(10.6%) exhibited postoperative refractive astigmatism of >2 D despite insertion of a toric IOL

(ranging from SN6AT4 to SN6AT9).

Excluding the 32 cases that had autorefraction, mean postoperative spherical equivalent was -0.38 ± 

1.27 D and median -0.50 D. Mean postoperative refractive astigmatism was 1.37 ± 1.10 D and 

median 1.00 D.  

Cases with postoperative refraction, including autorefraction if subjective refraction was not 

performed, were included in the vector analyses (N=47). The centroid SIA was 2.75 ± 1.38 D x 91°. 

The centroid TIA was 2.45 ± 0.81 D x 70°. The mean astigmatic correction index was 1.12. The CI 

was >1.0 in 26 cases indicating an over-correction in these cases and <1.0 in 21 cases indicating an 

under-correction. The mean magnitude of error was 0.30 D. The DV was 1.12 ± 0.84 D x 100°. The 

mean index of success was 0.46. The mean angle of error was -21°, indicating that the achieved 

correction was clockwise to the intended. 

6.4 DISCUSSION 

The continuous development of IOLs alongside the surgical techniques now allows correction of 

significant regular astigmatism at the time of phacoemulsification cataract surgery. Routine 

preoperative assessment can identify patients who may benefit from toric IOLs in gaining better 

unaided vision. The research presented in previous chapters demonstrated that there is possibly an 

unmet need for toric IOLs in the NZ public teaching hospital setting, thus this chapter provides further 

analyses of utilization, complications and visual outcomes specifically following implantation of toric 

IOLs. 

In the current study, this simple variation of phacoemulsification cataract surgery using toric IOLs 

resulted in comparative visual outcomes in cases with significantly higher preoperative astigmatism 

than eyes that did not receive a toric IOL. Without correction of the moderate to severe preoperative 

astigmatism (median 2.63 D, range 1.26 – 7.09 D) by using toric IOLs, it would be anticipated that 

these eyes would have had more limited visual improvement, due to the residual postoperative 

astigmatism.436 Residual astigmatism of 0.75 D or more not only reduces UAVA but can produce 

symptoms of blur, ghosting and halos.437, 438 Toric IOLs can minimize such symptoms and improve 

patients’ quality of life through high quality vision.438, 439 However, leaving a modest degree of long-

standing astigmatism may be preferable to correction as it may provide a greater depth of focus and 
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pseudo-accommodation that enables some near vision in the context of a distance vision biased IOL 

selection.440, 441

Toric IOLs are not the only method of addressing astigmatism in the context of cataract surgery. 

Patients may be happy to wear spectacle or contact lenses postoperatively. Alternatively, other 

methods may be employed at the time of cataract surgery, such as a clear corneal incision 

intentionally constructed on the steep axis of astigmatism to flatten this meridian or limbal relaxing 

incisions (LRIs).415, 442 Higher degrees of astigmatism in pathological conditions may require a 

combination of these methods with toric IOLs. In the setting of corneal ectasias such as pellucid 

marginal corneal degeneration a wedge excision or a corneal transplant procedure may be necessary 

to manage extreme astigmatism and thinned tissue. In corneal transplantation with extreme 

astigmatism, relaxing incisions with augmentation sutures may be required and patients may also 

consider laser refractive surgery depending on magnitude of astigmatism and ametropia.443-445 

Notably, in our GLCC study, the 1000 eyes undergoing surgery had a mean astigmatism of 1.12 D 

and median 0.87 D, but 10.7% undergoing phacoemulsification cataract surgery had ≥2 D of corneal 

astigmatism. However, despite available funding, only 5.9% of all cases ultimately had a toric IOL in 

this public teaching hospital setting i.e. only 56% of those potentially eligible. Those who were eligible 

but did not receive a toric IOL included eyes with irregular astigmatism, variable astigmatic axis, other 

corneal or ocular pathology and patient/surgeon preference. Nonetheless, other factors not identified 

may explain some of the difference between those eligible (10.7%) and those that received a toric IOL 

(5.9%) and these factors are worthy of further investigation.  

Interestingly, in 2004, 42 of 67 surgeons (63%) in public and/or private sectors of NZ replied that they 

had low interest in toric IOLs, 24% were neutral and only 13% expressed a high interest.150 By 2007, 

63% of surgeons in NZ expressed high interest in toric IOLs and 31% expressed it as their technique 

of preference in correcting significant corneal astigmatism in cataract patients.446 Similarly, there is 

growing interest and use of toric IOLs by Ophthalmologists in Canada with 79.4% preferring to use a 

toric IOL to correct astigmatism at time of cataract surgery.447 In a survey of the Association of 

Veterans Affairs Ophthalmologists, most surgeons (48/58, 83%) responded that they offered toric 

IOLs at their facility.448 For cataract patients with astigmatism, 81% of surgeons used spectacle 

correction, 79% used toric IOLs and 3% used laser in situ keratomileusis (LASIK).448 As in the NZ 

public health system, the United States Veterans Health Administration pays for the extra costs of the 

toric IOLs but unlike NZ, they also pay for the patients’ spectacles. Thus, toric IOLs appear to be used 

less frequently in NZ public hospitals. Of note, Kessel et al. reported that the use of toric IOLs by 

members of the Danish Ophthalmological Society were more guided by reimbursement protocols than 

by guidelines of evidence-based medicine.449  

Some surgeons at GLCC certainly make use of the flattening effect created by clear corneal incisions 

and intentionally place their main incision on the steepest axis. The frequency of this technique was 
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not determined in the current study as the precise location of corneal incisions was often not 

documented. A survey of Ophthalmologists in NZ reported the incision was placed on the steep axis 

in 14.4% of cases.151 A longer incision closer to the central axis would treat a greater amount of 

astigmatism but is not always feasible. Thus, the induced astigmatism (reduction) with a 2.2 – 3.2 mm 

incision is limited to about 0.5 – 0.85 D.191-193, 409 Even with paired clear corneal incisions in the steep 

axis, correction of >1.2 D of astigmatism was better with toric IOLs.450  

None of the cases in the current study had peripheral corneal relaxing incisions, which generally 

correct 1 – 3 D of astigmatism.442 This may be because toric IOLs provide better UCVA, less residual 

astigmatism, less risk of overcorrection, more patients with spectacles independence and are more 

predictable than relaxing incisions.436, 451-454 The postoperative astigmatism also changes with time 

following relaxing incisions, mostly in the first 10 weeks but refraction can be unstable for 3 years 

postoperatively.455 Thus, there is generally around 1 D of astigmatic correction in the long-term.414 

Laser-created incisions may be better controlled, therefore more predictable and effective, however, 

currently there is no evidence to support that laser-created incisions are clinically superior to manual 

incisions.206, 442

Unfortunately, toric IOLs have the potential to create distortion as the correction is in the IOL plane at 

a small distance away from the corneal source. However, toric IOLs still outperform relaxing incisions 

particularly in higher degrees of astigmatism (>2 D) although the two methods may be combined to 

correct around 7 -12 D of corneal astigmatism.442, 452, 454, 456 Fortunately more recent generations of 

IOLs are able to correct higher levels of astigmatism avoiding the need to combine cataract 

procedures with LRIs.432, 457, 458 

On the other end of the spectrum, studies have assessed models with a cylinder power of 1.5 D or 

more at the IOL plane for implantation in patients with at least 1.0 - 1.5 D of corneal astigmatism.425,

438, 459-462 Evidence for effectiveness of toric IOLs with cylinder powers less than 1.5 D is 

comparatively lacking.  Currently the manufacturer for AcrySof toric IOLs (Alcon Inc.), as used in the 

current study, states that the current range of lenses can treat patients with 0.75 - 4.11 D or more of 

corneal astigmatism.463-465 The mean postoperative astigmatism in patients who have had toric IOLs 

are reported at 0.84 - 1.03 D, suggesting it is unlikely for patients with low preoperative astigmatism to 

have significant clinical benefit from a toric IOL.463, 464 Indeed, it is notable in the current study that 

there were two cases with <1.5 D of keratometric astigmatism. One of these cases had 1.41 D of 

keratometric astigmatism and had a SN6AT2 IOL with a cylinder power of 0.68 D in the corneal plane, 

with a residual 1.00 D of astigmatism on postoperative auto-refraction. The second case had 1.26 D 

preoperatively and had an SN6AT3 IOL with a cylinder power of 1.03 D, paradoxically with an 

increased astigmatism of 1.50 D postoperatively on auto-refraction. Other studies have implanted 

toric IOLs in patients with corneal astigmatism of >1.0 D with a mean residual astigmatism of 0.55 - 

0.64 D.427, 428 
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The use of toric IOLs requires careful patient selection with an accurate assessment of the 

preoperative corneal astigmatism. Methods of measuring corneal astigmatism include manual 

keratometry, automated keratometry and simulated keratometry based on Placido-based, slit-

scanning corneal topography or Scheimpflug imaging.433, 466-471 Clinically the most accurate 

assessment of corneal power has been stated  to be obtained by careful manual keratometry and the 

best assessment of corneal astigmatic axis obtained by IOL-Master automated keratometry in 

conjunction with corneal topography for added qualitative data.442 However, although the manual 

keratometer is longer-established and may traditionally be thought to be most accurate, there are 

actually no statistically significant differences between the manual keratometer, IOL-Master, 

Pentacam (Oculus, Wetzlar, Germany) and autokeratometer in measuring preoperative corneal 

astigmatism.469 The Lenstar LS 900 biometer (Haag-Streit International, Koeniz, Switzerland) is also 

comparable to manual keratometry.472 Furthermore, Hill et al. reported that residual refractive 

astigmatism was comparable when toric IOL calculations used automated keratometry or manual 

keratometry.472 

In the current study, the IOL-Master and/or the Orbscan ll topographer were used in the assessment 

of preoperative corneal astigmatism. In the 2010 ASCRS survey, surgeons preferred partial 

coherence interferometry (34%) over manual keratometry (32%), topography/corneal analyzer (29%) 

or autokeratometry (5%).473 The Orbscan SimK allows surgeons to check both the magnitude and 

axis of astigmatism using a different/complimentary modality to the IOL-master but also provides 

more qualitative data in relation to symmetry or irregularity of astigmatism.240, 470, 474 As toric IOLs are 

unsuitable for correction of significantly irregular astigmatism, corneal topography using a Placido-disc 

reflection, scanning slit or Scheimpflug photography is a useful qualitative and quantitative tool in the 

routine preoperative assessment and computerized topography was used in 90% of cases in the 

current study. Where differences in astigmatic axis or magnitude were encountered between 

modalities, it was notable on these occasions the measurements were typically repeated using the 

same machines and the most repeatable and constant data were used for the IOL calculations.  

The total corneal astigmatism is often estimated using the keratometric refractive index to account for 

the negative dioptric power of the posterior corneal curvature. Interestingly, in pseudophakic eyes, the 

mean refractive astigmatism (0.64 D) has been reported to be lower than the mean corneal 

astigmatism (0.91 D) calculated using the keratometric index.475 More recently, Scheimpflug imaging 

has become widely available [Pentacam and Galilei (Ziemer Ophthalmic Systems, Port, Switzerland)] 

and this allows measurement of both the anterior and posterior corneal curvature, theoretically  

improving the accuracy in measuring total corneal astigmatism.476 When comparing keratometric and 

total corneal astigmatism, there was a difference of >0.5 D in 5.9 – 16.6% of eyes and a difference in 

axis of >10º in 3.8 - 23.7% of eyes. 477-479. Consequently, with keratometric astigmatism measured 

using the anterior curvature alone, there is generally an over-correction of eyes with with-the-rule 

astigmatism, under-correction of eyes with against-the-rule or oblique astigmatism, ultimately resulting 

in greater residual astigmatism following toric IOLs.466, 467, 480-484 Other studies have reported that there 
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was no significant difference in mean keratometry and astigmatism measured using the IOL-Master 

and Pentacam.485-489 However, Lee et al. agreed that there was a significant difference in the axis of 

astigmatism between the two technologies especially for higher astigmatic powers, as did Delrivo et 

al. who compared placido topography and Scheimpflug tomography that agreed well in corneal power 

and astigmatism but less so in axis.485, 490 Ultimately, there was no significant difference in accuracy 

for predicting postoperative spherical equivalent refraction.485  

Figure 6.4 displays an example of the corneal refractive power based on the anterior corneal 

curvature alone compared to the total corneal curvature (anterior and posterior) using the Pentacam. 

The resultant axis of corneal astigmatism was different (87º vs 90º).(Table 6.3) Thus, the subsequent 

residual astigmatism was also different, as indicated by the IOL calculations using the AcrySof toric 

calculator. In a case with greater corneal astigmatism (case B), the difference in the steep axes was 

larger (107º vs 112º) and also affected the magnitude of astigmatism (3.9 vs 4.2 D).(Fig. 6.5 and 

Table 6.4)  

There were also discrepancies in the magnitude and axis of corneal astigmatism measured by the 

IOL-Master and Pentacam.(Tables 6.3 and 6.4) This resulted in a different cylinder power of the toric 

IOL (T3 vs T4 in case A with low astigmatism) and significant differences in residual astigmatism for 

both cases of low and moderate astigmatism. 

Figure 6.4 Corneal refractive power maps from the anterior corneal curvature (left), and total (anterior 
and posterior) corneal curvature (right), measured using Pentacam Scheimpflug imaging in a case of 
low corneal astigmatism. 

Table 6.3 Results of intraocular lens (IOL) calculations using the AcrySof calculator with Pentacam or 
IOL-Master biometry for an AcrySof toric IOL. (SIA of temporal clear corneal incision = 0.3 D) 
Case A IOL-Master Pentacam SimK 

(anterior curvature) 
Pentacam total 

(anterior + posterior) 
Corneal astigmatism 1.29 @ 80º 1.20 @ 87º 1.20 @ 90º 
IOL power and axis T4 +21.5 D x 82º T3 +21.5 D x 88º T3 +21.5 D x 90º 
Residual astigmatism 0.03 D x 82º 0.47 D x 88º 0.47 D x 90º 

A 
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Figure 6.5 Corneal refractive power maps from the anterior corneal curvature (left), and total (anterior 
and posterior) corneal curvature (right), measured using Pentacam Scheimpflug imaging in a case of 
moderate corneal astigmatism. 

Table 6.4 Results of intraocular lens (IOL) calculations using the AcrySof calculator with Pentacam or 
IOL-Master for an AcrySof toric IOL. (SIA of temporal clear corneal incision = 0.3 D) 
Case B IOL-Master Pentacam SimK 

(anterior curvature) 
Pentacam total 

(anterior + posterior) 
Corneal astigmatism 4.25 D @ 113º 3.9 @ 107º 4.2 @ 112º 
IOL power and axis T9 +24.0 D x 113º T9 +24.0 D x 106º T9 +24.0 D x 111º 
Residual astigmatism 0.35 D x 113º 0.04 D x 106º 0.31 D x 111º 

Assessing the posterior corneal surface is also important for ectatic disorders like keratoconus as 

early signs may not be detected on the anterior surface.499, 500 Although toric IOLs may be considered 

in cataract cases with corneal ectasia or previous keratoplasty, they should be reserved for cases with 

essentially orthogonal astigmatism and a very low risk of disease progression.452, 501-503 This is of 

particular importance in NZ where the prevalence of keratoconus and forme fruste keratoconus is 

relatively high.504-506 

Most cases in the current study used the online AcrySof toric calculator507 (76%) or the Barrett 

calculator508 (22%) with IOL-Master biometry. The designated ZCalc was used for the single Zeiss 

toric IOL.509 The AcrySof toric calculator ignores the effect of the posterior corneal curvature on total 

corneal astigmatism. Other toric calculators take direct measurements of the anterior and posterior 

surfaces, or estimate the expected posterior corneal astigmatism based on population or proxy 

data.474 The Barrett calculator accounts for posterior corneal astigmatism using a proprietary 

mathematical model.510 Furthermore, the AcrySof toric calculator does not take into account the 

distance between the cornea and the IOL nor the spherical power of the IOLs. Although currently 

there is no evidence that accounting for these issues results in greater accuracy, theoretically if either 

of these factors differ between two IOLs with the same cylinder power at the IOL plane, the effective 

cylinder powers at the corneal plane will differ.511, 512  

B 
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Figure 6.6 Web-based AcrySof toric intraocular lens calculator  
(From: www.acrysoftoriccalculator.com).  

 
 

Figure 6.7 Barrett toric intraocular lens calculator (From: http://www.ascrs.org/barrett-toric-calculator.)  
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The Barrett calculator (with IOL-Master or Lenstar measurements) has been previously reported to 

achieve greatest accuracy with the lowest error in predicted residual astigmatism when compared to 

Alcon and Holladay calculators (using IOL-Master or Pentacam measurements).510, 513 Interestingly, 

the Barrett calculator performed better with intrinsic mathematical calculation than when direct 

posterior curvature measurements were used.474, 510, 513 Thus, the Barrett calculator should be further 

encouraged at GLCC where measurements from the anterior corneal surface (using IOL-Master) are 

routinely used, to optimise astigmatic correction with toric IOLs.  

Regardless of best optimisation of the toric IOL calculation, the correct alignment of the toric IOL 

using accurate corneal markings is absolutely paramount as there is a 3.3% loss in astigmatism 

correction for every degree of misalignment.431, 514 In the current study, manual corneal/limbal ink 

marks were performed at the slit-lamp as cyclotorsion can increase on average by 2 - 4° in the supine 

position but up to 15 degrees in some patients.515-518 The mean axis misalignment error using such a 

manual method was reported by Lin et al. as 2.4° ± 0.8 and perhaps surprisingly this was reported to 

be similar to marking on the surgical table with the VERION Image Guided System (Alcon 

Laboratories, Ft. Worth, TX, USA).518 However, in contrast, Elhofi et al. reported a greater difference 

between the manual and image guided techniques (2.4° vs 4.33°).519 Nonetheless, UAVA was not 

significantly different with these two methods.519 Both methods were better than intraoperative 

subjective direct visual marking based on visual estimation of 0° by the surgeon, which resulted in 

greater cyclotorsion (3.5°) and was less reliable.518  

Other systems that may improve astigmatic refractive outcomes include the ORA (Wavetec Vision 

Systems, Aliso Viejo, California, USA) and the Surgery Guidance SG3000 system (Sensomotoric 

Instruments GmbH, Teltow, Germany).520 The ORA is connected to the operating microscope and 

uses real-time wavefront aberrometry, enabling alignment of the toric IOL based on intraoperative 

measurement of residual refraction.511, 521 The SG3000 tracks characteristics of the iris and blood 

vessels to match the preoperative image with the intraoperative live image and performs 

simultaneous keratometry to overlay the steep and flat meridians.521, 522 These methods may be 

particularly useful in cases with previous refractive surgery or difficulty in acquiring preoperative 

measurements.523 However, a wide range of toric IOLs needs to be available in theatre for IOLs to be 

appropriately matched on the day of surgery. However, in practical terms, toric IOLs are generally 

pre-ordered in our public hospital system based on preoperative calculations and higher cylinder 

power IOLs (>6.0D), or those with extreme spherical equivalent, typically require up to 6 weeks to be 

manufactured. 

In the current study, 70.4% achieved postoperative UAVA of 6/12 and 27.8% achieved 6/7.5 following 

insertion of a toric IOL. In a randomized controlled study including 256 cases with an AcrySof toric 

IOL, Holland et al. reported 92% achieved UAVA of 6/12 and 63% achieved 6/7.5.202 They entered 

manual keratometry values into the AcrySof calculator. In a pooled estimate of 22 studies assessing 

the AcrySof toric IOL, 90% achieved UAVA of 6/12 and 63% achieved 6/7.5.432 When outcomes of all 

toric IOL models were combined, 70 - 100% achieved UAVA of 6/12 or better.432 A smaller proportion 
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of patients achieved UAVA of 6/12 in the current study of largely AcrySof toric IOLs, possibly due to a 

wider inclusion criteria including corneal abnormalities, higher degrees of astigmatism (with projected 

residual astigmatism), poorer axis alignment (difficult to assess due to limited postoperative 

measurement) and other ocular comorbidities and intraoperative adverse events. 

The axis of IOL alignment is usually detectable with a dilated pupil as toric IOLs have dots or lines 

along the plus axis of cylinder.(Fig 6.8) However, the postoperative axis was not documented in a 

significant number of cases within the 6 weeks following surgery (66%). This may be due to lack of 

documentation or the examiner may not have checked due to limited pupil dilation, or specifically 

because the visual acuity was good and thus there was no perceived need for assessment/ 

realignment of the IOL axis. Unfortunately, this lack of information seriously limits the ability to assess 

vectoral changes to specifically indicate under- or over-correction of astigmatism.524-526 When the 

toric IOL axis is measured, surgeons at GLCC use a slit-lamp with markings at 5-degree increments, 

which consequently has a moderate margin of error (1-2°). Although the manual measurement using 

a slit-lamp technique may not seem particulalry accurate, Mingo-Botin et al. reported that there was 

no significant difference in measuring the IOL alignment on successive follow-up visits compared to 

digital imaging overlays.460 

Figure 6.8 Slit-lamp photograph of an AcrySof toric IOL with axis markings (dots) at 100° (arrowed) 
seen postoperatively with a dilated pupil. (Courtesy of Prof. CNJ McGhee) 

For cases in the current study where the IOL axis was checked postoperatively, the toric IOL was 

aligned a mean of 3.3 ± 2.6° from the intended axis after one month. AcrySof IQ toric IOLs are 

generally considered to be stable in the capsular bag with minimal rotation after the first postoperative 

week.527 Previous studies report that at day one postoperatively the AcrySof IQ toric IOL may be 

misaglinged by 2.0 – 4.5°, with similar data reported at 4.0 – 4.8° at one year and 4.1° at two 

years.202, 447, 527 From 19 studies assessing the AcrySof toric IOL, the pooled estimate for >10° 

misalignment was 3%.432 The risk of rotation was higher in eyes with a longer axial length and larger 
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capsules.527, 528 A misaligned IOL may be rotated back into correct position and rarely (if necessary) 

sutured to avoid recurrent rotation. This realignment is easier to perform in the first month or two 

before the capsule fibroses around the IOL. 

The material and design of the IOL may also influence the potential for postoperative rotation. There 

appear to be more fibronectin adhesions between the capuslar bag and the surface of acrylic IOLs 

than with silicone or PMMA IOLs, thus making acrylic IOLs, like the AcrySof IQ toric and Zeiss AT 

TORBI IOLs, more stable.529 A larger diameter IOL is also typically more stable than a smaller 

diameter and there may be equal, or lesser risk, of late IOL rotation with a plate haptics design (as in 

the Zeiss AT TORBI 709M IOL), compared to loop haptics designs such as the AcrySof IQ toric 

IOL.530-532 

The degree of IOL rotation required to achieve maximum reduction in astigmatism was 3.8° (N=15 

eyes, excluding one eye with implantation 72° from the intended axis). This is slightly higher than the 

difference between the intended axis and the actual postoperative alignment (3.6°) because the 

calculation also takes into account postoperative refraction, which may not have been ideal in some 

cases despite good alignment. Also, surgeons at a large public teaching hospital have different SIA 

from their incisions thus postoperative astigmatism may not equal the target astigmatism calculated 

by a different surgeon. 

In the current study, even in the context of significant preoperative astigmatism, 53% of cases with 

toric IOLs (N=59) achieved a spherical equivalent within ±0.50 D. In terms of residual refractive 

astigmatism, again only 53% of toric cases achieved ≤1.00 D of residual refractive astigmatism. Bauer 

et al. reported 91% of eyes achieved refractive astigmatism of <1.00 D four months following surgery 

with AcrySof toric IOLs but eyes had a lower mean preoperative astigmatism (2.86 ± 1.37 vs 3.04 ± 

1.92).468 Notably, five cases exhibited postoperative astigmatism of >2 D despite insertion of a toric 

IOL (ranging from SN6AT4 to SN6AT9). These cases were noted to have variable preoperative 

measurements (magnitude of astigmatism varied more than axis) on IOL-Master, Nidek KM500 and 

Orbscan. Thus, surgeons decided to use the lower magnitude of astigmatism in their IOL calculations 

for four of the five cases. This allows further correction with secondary procedures if the astigmatism 

is under-corrected and avoids flipping the astigmatism 90° from the patient’s familiar axis. The 

postoperative axis was not documented in two cases and rotation of the IOL may have contributed to 

the high residual astigmatism. This highlights the importance and current limitations of accurate 

preoperative measurements, axis marking and proper alignment for the maximum visual acuity benefit 

from a toric IOL. 

The vector analyses were mainly limited by postoperative refraction, which was not performed in 12 

cases and performed only by autorefraction in 32 cases. Overall, there was a small over-correction of 

astigmatism than intended with toric IOLs by 0.3 D in magnitude and the correction index (1.12) was 

close to ideal (1.0). The CI indicates an average over-correction by 12%. The overall index of success 
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(0.46) was close to ideal (0) indicating a small degree of correction was required in the actual 

astigmatism induced, relative to the amount of intended, to reach the target astigmatism. 

The surgically induced change in astigmatism with clear corneal incisions also affects the final 

refraction. Thus, the correct SIA from incisions should be incorporated in the vector calculations along 

with the preoperative astigmatism to determine the correct power and axis for a toric IOL. Often this 

field is required by toric calculators, however, the site and width of the incisions were not sufficiently 

well documented in the current study for the most accurate vector analyses. The target astigmatism 

was thus based on the SIA of incisions made by the surgeon who performed the calculation - not 

necessarily the surgeon operating. Unfortunately, many of the limitations in the current study 

represent those of a secondary analysis of a prospective study that was established to analyse 

complications of cataract surgery rather than outcomes of astigmatism and toric IOLs per se. 

Nonetheless this does highlight a systematic deficiency in the cataract service that should be 

corrected and optimised. Indeed, data collection before and after phacoemulsification can be easily 

overcome with improved documentation and this will be the subject of further research in this institute 

in 2017. In an era when surgeons and patients strive for high quality vision, detailed assessments and 

complete documentation should be encouraged in all cases of cataract surgery to accurately analyse 

outcomes of the surgery and highlight areas for further improvements. 

6.5 CONCLUSIONS 

Toric IOLs offer patients and surgeons a simple method of managing astigmatism at the time of 

cataract surgery, thereby improving visual outcomes. Improvements in IOL designs and materials 

along with developments in cataract surgical techniques have led to greater stability of outcomes. 

Careful patient selection is key to success of toric IOLs and the preoperative corneal astigmatism 

should be accurately assessed both quantitatively and qualitatively. A toric IOL should certainly be 

considered in cases of symmetric and orthogonal corneal astigmatism of ≥1.5 D. The IOL power and 

axis of alignment needs to be carefully calculated, preferably using the Barrett calculator if only the 

anterior corneal curvature is measured using the IOL-Master. Otherwise, the total corneal power may 

be calculated by measuring both the anterior and posterior curvatures. The IOL should be carefully 

aligned using preoperative markings and checked intraoperatively following implantation. 

Postoperatively, the axis of alignment should also be checked again as IOLs may rotate and 

realignment, where required, should occur during the first few weeks postoperatively.  

The current study highlights significant opportunity for increased uptake of toric IOLs in the NZ public 

teaching hospital setting. We expect that only a small proportion had irregular astigmatism and 

therefore were not appropriate for consideration of a toric IOL. However, the approach to calculating 

IOL spherical and cylinder power, and especially axis may need to be refined. Certainly, postoperative 

analysis of axis alignment were poorly documented and it is imperative, if outcomes are to be 

improved, that misalignment is addressed early in the post-operative period such that IOL realignment
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can be considered where needed. A further limitation of this study that should be addressed, although 

primarily a funding issue, is the lack of formal optometric subjective refractions to confirm the utility of 

regular utilization of toric IOLs in the public health setting. 
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7.1 INTRODUCTION 

Although phacoemulsification cataract surgery is a highly successful operation, the associated risks 

and adverse outcomes are not limited to the 4 to 6-week postoperative period discussed in the 

previous chapters. Fifteen years after surgery, there is on average a loss of 10 letters in BCVA for 

distance with 11% of patients having worse BCVA than preoperatively.533 This may be due to the 

development of other, non-surgery-related, common ocular conditions such as age-related macular 

degeneration and glaucoma, or complications encountered later than the routine follow-up, such as 

PCO, retinal detachment or pseudophakic bullous keratopathy (PBK).250, 254, 533-539  

As noted in chapter 2, the human corneal endothelium does not divide during life and subsequently 

there is a gradual, slow, decline in endothelial cell density (ECD) throughout life (0.3 - 0.6% per 

year).540-543 The rate of decline is greater in some intrinsic diseases, such as FECD,544-547 and 

endothelial cell loss may also occur following surgical intervention that involves the anterior 

chamber18, 548-564 – especially cataract surgery with an average decline in ECD of 4 - 10% following 

uncomplicated cataract surgery.164, 388, 564-567 This may be due to direct injury to the endothelium, 

inflammation and/or persistently high IOP following surgery.164, 388, 563-568

Corneal endothelial cells are crucial for pump and barrier functions of the cornea thus, without a 

sufficient density of functional endothelial cells, as may occur following cataract surgery in older age, 

the corneal stroma and epithelium develop chronic oedema.552, 553, 563, 569-572 This condition of chronic 

endothelial dysfunction is termed bullous keratopathy in advanced stages and leads to a hazy cornea 

with decreased transparency and progressive, permanent, visual loss.548-552, 563(Fig. 7.1)  

Figure 7.1 Slit-lamp photographs of pseudophakic bullous keratopathy. (A) hazy oedematous cornea, 
with an anterior chamber intraocular lens in diffuse light beam, (B) same eye with slit-beam through 
hazy oedematous cornea highlighting Descemet membrane folds. (Courtesy of Prof. CNJ McGhee) 

A B
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The corneal oedema in bullous keratopathy also separates the epithelium and Bowman’s layer, 

creating epithelial microcysts and bullae that may burst, exposing corneal nerves and causing 

episodes of severe pain.18, 544, 548, 573-575(Fig. 7.2B) These bullae and recurrent epithelial defects may 

later become fibrosed and cause permanent corneal scarring. Bullous keratopathy may occur 

following cataract surgery with or without IOL implantation, hence the specific terms pseudophakic 

and aphakic bullous keratopathy (abbreviated to PBK and ABK respectively).18, 164, 388, 548-567 

Figure 7.2 A case of pseudophakic bullous keratopathy with a Choyce-style rigid anterior chamber 
intraocular lens: (A) slit-lamp photograph using slit-beam, (B) slit-lamp photograph with cobalt blue 
illumination and fluorescein highlighting the inferior corneal bullae, and (C) anterior segment 
ultrasound showing a thickened cornea, vitreous in the anterior chamber and the Choyce-style 
intraocular lens anterior to the iris. (Courtesy of Prof. CNJ McGhee) 

There is extensive literature on the risk factors for endothelial cell loss during phacoemulsification 

cataract surgery that have inspired various modifications to surgical techniques and IOL designs. 

Lens designs utilized in the 1970s and early 80s included closed-loop ACIOLs and iris-fixated IOLs, 

that may touch the corneal endothelium and were subsequently well-recognized as risk factors for 

PBK.11, 552, 576-580 Subsequently, numerous different IOL designs and insertion techniques, combined 
with the introduction of OVDs,201 have been developed to minimize potential endothelial contact and 

reduce ECL.581-583 

Figure 7.3 Three examples of older intraocular lens (IOL) designs that can be associated with 
pseudophakic bullous keratopathy: (A) an iris fixated IOL with a clear corneal transplant, (B) an 
anterior chamber IOL with marked pupil distortion, a glaucoma drainage tube and marked corneal 
oedema, and (C) a fixed loop anterior chamber IOL with early corneal oedema.  
(Courtesy of Prof. CNJ McGhee) 

A B C
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Greater endothelial cell loss is also associated with higher cumulative dissipated energy (CDE), 

absolute phacoemulsification time, longer aspiration time and more irrigation, as might be needed for 

removal of a dense cataract, especially in the hands of a trainee surgeon.387, 571, 584-588 Thus, in dealing 

with a dense cataract, the phaco-chop, nuclear pre-slice or reversed tip-and-snip techniques may 

reduce ECL compared to the divide-and-conquer, stop-and-chop or chip-and-flip techniques.565, 589-592  

 

Other modifications to the phacoemulsification technique include the torsional phacoemulsification 

mode that generally results in less, or at least similar, total ultrasound time, CDE and ECL than the 

longitudinal mode.593-604 Comparisons to transverse approaches are less consistent.593-602, 605 

Surgeons can also alternate from continuous to pulse or burst modes of phacoemulsification that 

reduce clogging of the phacoemulsification tip and reduce ECL.606 Variations in the tip design and 

angulation may also affect the CDE.607  

 

Furthermore, eyes with a shallow (<2.5 mm) or very deep (>3.5 mm) anterior chamber are at greater 

risk of ECL.562, 564 Such risks may be reduced by performing phacoemulsification in the bag posterior 

to the iris plane and using a dispersive OVD or the “soft-shell” technique (dispersive OVD used to 

protect the corneal endothelium and cohesive OVD used to maintain the anterior chamber).18, 608-

614(Fig. 7.4) In general, ECL is similar between different OVDs although some may preserve the 

hexagonal shape of corneal endothelial cells more than others.615-618 Similarly, high and low fluidic 

parameters during surgery do not significantly affect postoperative endothelial cell density.619-623 

Scleral incisions may cause less ECL than corneal incisions.270, 624, 625 In terms of corneal incisions, a 

longer length and longer tunnel is associated with greater ECL.571, 626, 627 Although, there appears to 

be no significant difference for incisions less than 3.2 mm long.291, 419, 628-630  

 

Figure 7.4 Ophthalmic viscosurgical devices (OVD) in phacoemulsification cataract surgery: (A) 
injection of OVD into the anterior chamber (adapted image from http://www.precisionlens.net/amo-
healon-gv) and (B) Arshinoff’s soft-shell technique of injecting a dispersive OVD (purple) to coat the 
corneal endothelium then a cohesive OVD (green) to maintain the anterior chamber and flatten the 
capsule (adapted image from http://aspx.apacrs.org/apacrs-publication/default2.aspx?id=555).  
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More recently, there are fluid-based phacoemulsification systems that use short pulses of warmed 

BSS to liquefy the lens.388, 631-633 This may reduce the ECL compared to using ultrasound energy but 

appears limited to relatively soft cataracts.631, 632, 634 There are also inconclusive debates over the 

effects of femtosecond laser-assisted cataract surgery on the corneal endothelium.221, 222 Some 

authors report that pre-treatment using femtosecond laser was associated with a significant reduction 

in ECL and early postoperative corneal oedema.217, 223 Others report that there may be more damage 

to the endothelial cells when corneal incisions are made with laser compared to manual incisions.217   

The growing knowledge of the known risk factors for PBK and the subsequent modifications to 

phacoemulsification cataract surgery are most likely to impact (reduce) the rate of PBK. This 

reduction may be reflected in the rate of corneal transplants – the main mode of treatment for PBK. 

The purpose of the research presented in this chapter was to assess longitudinal trends of PBK and 

the treatment thereof by analyzing prospective data for corneal transplantation over a 25-year period 

(1991 – 2015) in New Zealand. This may allow evaluation of longer-term aspects of complications 

following contemporary phacoemulsification cataract surgery. 

7.2 METHODS 

This study, contemporaneous with the cataract studies already reported, was a major component of 

an extensive analysis by the author of the New Zealand National Eye Bank (NZNEB) prospective 

database of indications and outcomes of corneal transplantation in New Zealand.504 

The author reviewed the prospectively compiled NZNEB electronic database, containing all records of 

corneal transplantation from January 1991 and December 2015 inclusive. During these 25 years, the 

NZNEB supplied corneal tissue to 62 ophthalmology centres nationwide (20 currently active) and has 

been the primary supplier of donated corneal tissue in New Zealand since 1991.  

The database records information about the donor and tissue collected from medical and coroners’ 

records at time of death, while patient and surgical data are collected from mandatory questionnaires 

completed by the surgeons on the day of corneal transplantation surgery.  

All corneal transplants performed during the 25-year period were sorted by the surgical technique, 

including: PK, anterior lamellar keratoplasty (ALK), deep anterior lamellar keratoplasty (DALK), 

Descemet’s stripping automated endothelial keratoplasty (DSAEK), Descemet’s membrane 

endothelial keratoplasty (DMEK), epikeratoplasties, patch/tectonic grafts or other/non-specified 

techniques. DSAEK and DMEK proceudures were combined as endothelial keratoplasties (EK) for 

analyses as there were only two cases of DMEK in the study period.  

The number and proportion of each keratoplasty technique were calculated for each year, and then 

grouped in five-year periods, in order to assess longitudinal trends. The number and proportion of 

corneal transplants for different indications were also calculated per year. The proportion of corneal 
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transplants for bullous keratopathy were also specifically categorized by the age of the recipients at 

time of transplantation. 

7.3 RESULTS 

From January 1991 to December 2015, 5574 corneal transplants were performed in 62 public and 

private centres.  

Keratoconus was the most common indication for keratoplasties throughout the 25-year period.(Table 

7.1) However, bullous keratopathy, was the second most common indication In 1991 (17%) and 

became the fourth most common indication by 2015 (11%). Repeat corneal transplants became the 

second most common indication from the period 2001 – 2005 onwards. Interestingly, FECD, which 

was the least common indication in 1991 – 1995, steadily increased to become the third most 

common indication by 2011 - 2015.(Fig. 7.5) 

Table 7.1 Indications for corneal transplantation reported to the New Zealand National Eye Bank, 
1991 – 2015 grouped by 5-year periods. 

Indication for corneal 
transplant  

Number of corneal transplants (%) 

1991-1995 1996-2000 2001-2005 2006-2010 2011-2015 

Keratoconus 376 
(44.8) 

467 
(45.9) 

460 
(43.0) 

474 
(40.3) 

507 
(34.5) 

Repeat transplant 41 
(4.9) 

118 
(11.6) 

199 
(18.6) 

223 
(18.9) 

340 
(23.1) 

Fuchs endothelial 
corneal dystrophy 

27 
(3.2) 

57 
(5.6) 

82 
(7.7) 

133 
(11.3) 

249 
(17.0) 

Bullous keratopathy 
- total

156 
(18.6) 

184 
(18.1) 

172 
(16.1) 

147 
(12.5) 

159
(10.8) 

- aphakic 91 
(10.8) 

32 
(3.1) 

26 
(2.4) 

14 
(1.2) 

12 
(0.8) 

- pseudophakic 65 
(7.7) 

152 
(14.9) 

133 
(12.4) 

111 
(9.4) 

130 
(8.8) 

- unspecified 0 0 13 
(1.2) 

22 
(1.9) 

17 
(1.2) 

Keratitis 117 
(13.9) 

131 
(12.9) 

93 
(8.7) 

67 
(5.7) 

64 
(4.4) 

Trauma 67 
(8.0) 

43 
(4.2) 

31 
(2.9) 

45 
(3.8) 

44 
(3.0) 

Other corneal dystrophy 49 
(5.8) 

40 
(3.9) 

29 
(2.7) 

21 
(1.8) 

9 
(0.6) 

Unspecified or other 93 
(11.1) 

61 
(6.0) 

140 
(13.1) 

115 
(9.8) 

211 
(14.4) 

Total 839 1018 1071 1177 1469 

Population estimate 
(million people)635 3.58 3.80 4.02 4.27 4.48 

448 corneal transplants listed more than one indication. 
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Figure 7.5. Five most common indications for corneal transplantation reported to the New Zealand 
National Eye Bank 1991 - 2015 (N= 5043 transplants). 

Between 1991 and 2015, there was an average of 223 corneal transplants per year, ranging from 89 

(2.5 per 100,000 population) in 1991 to 319 (7.0 per 100,000) in 2013.(Fig. 7.6) On a simplified linear 

trend, this amounts to six additional transplants per year over the 25-year period.  

Figure 7.6 Number of penetrating, anterior lamellar and endothelial keratoplasties, New Zealand 
National Eye Bank 1991 - 2015 (N=5502). 

PK -  penetrating keratoplasty; ALK -  anterior lamellar keratoplasty; DALK - deep anterior lamellar 
keratoplasty; EK - endothelial keratoplasty. 
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During the 25-year study period, 4588 (82.3%) PK, 332 (5.9%) ALK/DALK and 582 (10.4%) EK were 

performed. The remaining 72 transplants (1.3%) were epikeratoplasties, patch/tectonic grafts or 

other/non-specified techniques. There was a rapid uptake of DSAEK following introduction in 2007 

and this technique accounted for 30.7% of total annual corneal transplants by 2015. Since the 

introduction of these newer techniques, there has been a corresponding decrease in the number of 

PKs from 223 in 2006 (91.4% of total keratoplasties) to 175 in 2015 (60.3% of total keratoplasties).  

Despite a growing number of corneal transplants in total, the proportion of transplants (PK and EK) 

performed for bullous keratopathy generally declined.(Fig. 7.7) About a fifth of PKs (17 - 27%) were 

performed for bullous keratopathy in 1991 - 1995 but this indication accounted for only 5 – 9% of PKs 

in 2011 - 2015. Also, 69% of DSAEKs were performed for bullous keratopathy in 2008 but then 

reduced to 21% by 2015. In the later 5-year period (2011 - 2015), the majority of bullous keratopathy 

cases (60.4%) were managed with EK and the smaller proportion was managed with PK (39.6%). 

Figure 7.7 Proportion of keratoplasties (penetrating or endothelial) performed for bullous keratopathy 
per year 1991 - 2015 [N=5170 keratoplasties excluding (deep) anterior lamellar keratoplasties]. 

PK - penetrating keratoplasty; DSAEK - Descemet’s stripping automated endothelial keratoplasty. 

The average age of corneal transplant recipients for bullous keratopathy was between 70 – 79 

years.(Fig. 7.8) Between 2011 – 2015, there was a reduction in this age group with a corresponding 

increase in the 50 - 59 years group. 
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Figure 7.8 Age distribution of corneal transplant recipients for bullous keratopathy over the study 
period 1991 - 2015 subdivided by into 5 consecutive periods. (N=806)  

In relation to significant population growth (>35%), an increased uptake of cataract surgery (>30% in 

recent 10 years) and a near doubling of keratoplasty numbers in NZ during this 25-year period, it is 

notable that the mean number of keratoplasty procedures for bullous keratopathy actually decreased 

in absolute terms; from a maximum of 184 in 1996 - 2000 to 159 in 2011 – 2015. 

7.4 DISCUSSION 

Pseudophakic bullous keratopathy is relatively uncommon but nonetheless one of the most feared 

and significant adverse outcomes of cataract surgery. This has compelled surgeons to continuously 

seek improvements in phacoemulsification techniques over the last three decades. Understanding the 

relative fragility of the endothelium18, 540, 548-551, 553, 554, 556-561, 568 and critical evaluations of the risk 

factors for PBK546, 547, 552, 555, 557, 619, 636-638 have led to refinement in surgical techniques from the 

extracapsular to phacoemulsification period.566, 584, 590, 595, 603, 617, 621, 624, 625 Interestingly, in the initial 

Auckland Cataract Study I (2000-2001) corneal decompensation occurred in 0.4% (2) of 488 eyes248 

compared with a remarkably low 0% of 1000 eyes in the current Auckland Cataract Study II (2015 - 

2016) as highlighted in the earlier chapters of this thesis.384 However, such numbers are too small to 

apply useful statistical analyses and clinically significant corneal decompensation may not occur for 

many months or years post-cataract surgery. Therefore, in the current study corneal transplantation 

for post-cataract bullous keratopathy was considered over a 25-year period to address the question of 

the relative frequency of this severe cataract-surgery-related complication. 

Major transformational developments, following wider acceptance of IOLs in the 1970s117, 639 have 

been the migration from intracapsular procedures to extracapsular techniques in the 1970 - 1980s117,
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127, 136, 138, 194 the introduction of OVDs in 1972201 and the widespread uptake of phacoemulsification in 

the 1990s.117, 127, 135, 193, 194 Although surgical learning curves may actually induce higher complication 

rates such as PBK,640-642 these surgical modifications have generally reduced the rate of keratoplasty 

for PBK, as illustrated in the current 25-year longitudinal study that captures cases from the late 

intracapsular period but mainly from the extracapsular and phacoemulsification era.  

During the 25-year period studied, the NZ population increased from 3.4 million (1991) to over 4.6 

million people (2015).635 Preceding this period, in 1974, the number of cataract surgeries performed in 

Auckland, NZ, was 34 per 100,000 population per year.194  Since then, the Ministry of Health reported 

further rise in the rate of cataract surgeries across NZ from approximately 373 to 486 per 100,000 

population per year in 2004/05 and 2013/14, respectively.635, 643-646  Overall, considering this 

population growth and the rapidly increasing rate of cataract surgeries being performed, bullous 

keratopathy as a relative indication for corneal transplantation has reduced between 1991 and 2015 

[15/88 (17%) to 32/288 (11%) of keratoplasty procedures respectively]. It was the second most 

common indications for any type of keratoplasty at the beginning of the period but more recently has 

become the fourth most common indication. However, preceding this 25-year study period, 

internationally from 1985 onward there was a significant rise in PBK as an indication for PK due to 

frequent use of closed-loop ACIOLs in the early 1980s.353, 553, 576, 578, 583, 647-656  Whilst PBK was the 

leading indication for corneal transplantation in many international centres, there was a corresponding 

decrease in ABK secondary to more frequent IOL implantation – also noted in the current study.  

As previously noted, once the association of PBK with ACIOLs was recognized, their designs were 

altered to provide multi-point angle fixation of non-looped flexible haptics, slight vaulting and the 

availability of different sizing.297, 577, 581, 582 Consequently, modern ACIOLs are associated with 

reduced complication rates that are comparable with intra-capsular IOLs, such as a reported ECL of 

5.3% at 1 year.563, 582(Fig. 7.9)  

Interestingly, in New Zealand, there was an increase in PBK in 1996 - 2000 period compared to the 

preceding five years, possibly as a consequence of the wide-spread adoption of phacoemulsification 

in New Zealand in the early 1990s193, 194 and the known effects of the surgical learning curve.623, 640 

Subsequently, there was a decreasing number of transplant procedures for PBK from 2000 onwards. 

Unsurprisingly, with the demise of aphakia as a surgical endpoint and the replacement of ACIOLs by 

PCIOLs, PBK has become increasingly associated with PCIOLs rather than ACIOLs.578, 581, 657, 658 

However, the routine use of OVDs and their manner of deployment, coupled with major developments 

in phacoemulsification technology and techniques have likely contributed to the decrease in bullous 

keratopathy following cataract surgery in more recent years.609, 614, 659 



106 
 

Figure 7.9 Still photographs from intraoperative videos of (A) Kelman multi-flex style anterior chamber 
intraocular lens implantation using a Sheets glide, (B) and (C) an Artisan style iris-fixated intraocular 
lens as used in the current study period, 2015 and 2016. 

  

 

 

Following analysis of data from the Eye Bank Association of America, Park et al. also reported a 

reduction of PBK as an indication from 20% in 2005 to only 9% in 2014.660 Nonetheless, studies up to 

2012 reported bullous keratopathy as the most common indication for corneal transplantation in many 

Asian countries (Singapore, Japan, Taiwan, Hong Kong, Philippines), which is noteworthy as the New 

Zealand population has become more ethnically diverse, especially with a significant increase in the 

Asian population (5.2% to 12.2% from 1996 to 2013).635, 661, 662 Tan et al. postulated that such trends 

in these Asian countries may be affected by a lower priority for slowly progressive conditions like 

FECD.662   

 

In the current study, FECD became the third leading indication in 2011 – 2015, above bullous 

keratopathy. This trend was also apparent overseas where FECD and regrafts became more common 

indications for keratoplasty in the 21st century than bullous keratopathy, which remained relatively 

stable.663-666 According to data from the Eye Bank Association of America, FECD was the most 

common indication for any keratoplasty, as it has been in Canada since 2007.660, 667 In the United 

States, combined domestic and international numbers of keratoplasty from 2008 to 2014 indicate an 

increase of 58% for FECD and only 14% for bullous keratopathy.660  

 

Although our data do not include lens status at the time of keratoplasty for recipients with FECD, this 

information would be of great value in analyzing the current trends. Also, the increased use of 

technology such as specular and in vivo confocal microscopy, pachymetry and tomography may have 

enabled better detection of failing corneas providing more accurate diagnoses at an earlier stage of 
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FECD.544, 668 Indeed, the increase in grafts for FECD and regrafts was apparent even before the 

advent of EK.664 However, in the earliest stages, FECD and the normal, endothelial age-changes 

such as guttata may be indistinguishable. It is conceivable that corneal decompensation following 
cataract surgery in such cases may be incorrectly attributed to FECD rather than simply the after-

effects of surgery in an older cornea.  

Figure 7.10 Slit-lamp photographs of two corneas with Fuchs' endothelial corneal dystrophy and 
evident guttata using moderate (left) and higher magnification (specular) reflection (right). 
(Courtesy of Prof. CNJ McGhee)  

With regard to the different techniques of corneal transplantation, PK remains the most common in 

the current study, largely due to the leading indication being keratoconus in NZ. In Italy, between 2002 

and 2008, the leading technique was also PK (82%), which was performed for the majority of 

keratoconus, repeat transplant and PBK cases.669 PK is a well-established technique that avoids 

difficulties associated with the learning curves of EK, including those faced by the surgeons as well 

as the eye banks preparing precut tissue.670-672 On the other hand, EK provides potential advantages 

over PK, such as faster visual rehabilitation, less astigmatism, more stable refractive errors with 

better UAVA and BCVA, reduced risk of rejection, shorter period of corticosteroid use, lower or similar 

endothelial cell loss with similar long-term graft survival.670, 671, 673-678 There is less long-term data 

available on EK (introduced in New Zealand ten years ago), thus there is need for continuous 

surveillance for late complications and failures to make level comparisons with PK. 

Thus, there has been a rapid uptake of EK since its introduction into NZ practice in 2007 despite the 

steep surgical learning curve.660, 679 DSAEK has now come to account for one third of all keratoplasty 

procedures over a short period of 8 years and is now the procedure of choice for FECD and PBK. 

However, there are certainly cases where PK remains useful in bullous keratopathy, such as with 

significant corneal scarring, iris abnormalities or lens abnormalities when EK may not be suitable.680 

The proportion of PKs performed for bullous keratopathy gradually declined over the 25 years (17.0% 

in 1991 to 7.4% in 2015). Bullous keratopathy is not only a less common indication (despite around 



108 

10% increase in the number of cataract procedures per annum in the preceding and overlapping 

years, 1974 - 2005), but is also an indication that is now more frequently managed with EK than PK, 

thereby contributing to the shift in transplantation techniques.660 Although PBK was the most common 

indication for DSAEK when first introduced, the proportion of DSAEKs for bullous keratopathy has 

also declined since its peak in 2008, as the technique has been increasingly adopted for the treatment 

of other endothelial diseases.  

The rapid increase in EK is reported internationally with a growing preference for this technique over 

PK in treating endothelial diseases.660, 664-667, 669, 681-687 In the USA, PK is also the most common type 

of keratoplasty performed for keratoconus (89% in 2014) but EK has become the most common type 

of transplantation overall—largely due to a higher proportion of FECD.660 Park et al. reported the 

annual number of EK exceeding that of PK from 2011 with the number of DMEK also doubling every 

year in the USA.660 Yet, the total number of keratoplasties has remained steady, unlike New Zealand 

and other countries where there has been an overall increase in keratoplasty procedures.659, 660, 667, 688 

It may be that these countries have significantly different proportions of indications and that newer 

techniques, such as DMEK, are yet to be propagated as extensively as in the USA. In New Zealand, 

DMEK was introduced relatively recently (2015) and we already foresee a greater uptake. 

The clinical threshold for performing keratoplasty may have changed during the study period with the 

adoption of EK and an increased number of subspecialty trained corneal surgeons serving an ageing 

population.667, 681, 682, 689 With endothelial decompensation, there may also be a propensity for 

surgeons to perform EK earlier to avoid corneal scarring with disease progression.689, 690 This may 

contribute to the observed increase in FECD and repeat transplantation as indications as well as 

diminish what may have been a greater reduction in keratoplasties performed for “PBK”.  

However, the average age of recipients undergoing a corneal transplant for bullous keratopathy in NZ 

remained between 70 to 79 years throughout the period 1991 – 2015. In parallel, the mean age of 

patients undergoing cataract surgery in NZ has also minimally changed (74.9 years in 2000 and 72.3 

years in 2015).248, 384 This suggests that most patients are probably undergoing the initial corneal 

transplantation for bullous keratopathy within 7 years after their cataract surgery. Data from the 

Swedish Corneal Transplant Register on corneal transplantations performed during 1998 – 2003 

indicated that patients had corneal transplantation for bullous keratopathy at a mean age of 82 years 

– an average of 6 years after their cataract surgery.636 Bullous keratopathy may develop earlier than 6

– 7 years following cataract surgery but patients may delay treatment until they are significantly

affected by poor visual acuity or ocular pain. There may also be a lag before treatment due to long

waiting lists for corneal transplantation – average 3 to 6 months in NZ (Moffatt L., personal

communication, 24 April 2017)

Aside from keratoplasty, there are also other methods of managing PBK that may contribute to the 

continued trend of reduction in keratoplasties performed for this condition. In the early stages, 
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removal of the inciting IOL in eyes with signs of endothelial compromise may prevent progression to 

established PBK.691 Alternative therapies for PBK, with somewhat variable success, include topical 

therapy with 5% saline, NSAIDs, anti-glaucoma medications, bandage contact lenses, conjunctival 

flaps, electrocautery, phototherapeutic keratectomy, or amniotic membrane transplants.18, 575, 692-701 

Anterior stromal puncture is a simple, low-cost alternative for effectively treating patients with 

symptomatic PBK when surgery is delayed or contraindicated but may require repeat treatments and 

should be avoided in the central visual axis.573, 574, 694, 702-704  Newer techniques such as corneal 

collagen cross-linking may temporarily relieve pain and increase corneal clarity in PBK but study 

results have been so far inconsistent to date.693, 705-711 There is also growing research on cultivated 

human corneal endothelial cells that may be transplanted with collagen sheets, amniotic membranes 

or via injections.712-719 In the future, it may be that PBK is treated with topical drops or mucoadhesive 

films of Rho-associated kinase (ROCK) inhibitors that reportedly help the recovery of injured 

endothelial cells, thereby increasing the density of healthy endothelial cells to sufficient levels for 

normal pump and barrier functions.720-724  

7.5 CONCLUSIONS 

By evaluating the trend of PBK as an indication for keratoplasty between 1991 - 2015, the current 

study identified a reduction in this complication of cataract surgery in New Zealand. Patients that had 

bullous keratopathy underwent corneal transplantation within approximately 7 years after their 

cataract surgery. The treatment of this condition has also changed with a move away from penetrating 

keratoplasty and toward endothelial keratoplasty. The NZ trends in keratoplasty for PBK are likely to 

undergo further changes with the introduction of DMEK in 2015 and promising research on less 

invasive therapies that offer faster recovery. However, prevention always remains as the best form of 

management thus careful preoperative assessment of pre-existing risk factors and appropriate 

intraoperative adjustments are encouraged in all cases of phacoemulsification cataract surgery to 

avoid vision loss from PBK. 
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8.1 INTRODUCTION 
 

As noted earlier in this thesis, phacoemulsification cataract surgery is the most common elective 

surgical procedure in New Zealand and the developed world. Risk factors for adverse outcomes in 

such phacoemulsification cataract surgery have therefore been studied since the widespread uptake 

of this surgical technique in the 1990s. Such investigations have demonstrated the constant need, 

and demand, for improved outcomes following this operation. The growing body of knowledge 

gleaned from these myriad studies has driven continuous improvements in surgical techniques, 

equipment and adjunctive treatments.  

 

However, many of these published studies on phacoemulsification outcomes and complications have 

been derived from a single experienced surgeon, or high-volume cataract and refractive surgery, 

centres. As such these studies may not be representative of the outcomes in a public hospital setting 

with a mixed level of surgical experience and typically more advanced cataracts. Locally in New 

Zealand, this has led to the development of a series of “Auckland Cataract Study” prospective 

analyses since 2000 with the data presented in the current thesis being collected 2015 - 2016 and 

entitled “Auckland Cataract Study 2” in related publications.  

 

Internationally, preoperative risk stratification systems, that can be applied in any centre, have been 

specifically devised to calculate a risk score based on assessment of the patient and ocular risk 

factors. The score indicates the risk of an intraoperative complication in phacoemulsification cataract 

surgery for the particular case. This in turn allows preparation for alternative options in surgery that 

may minimize the risks for that case. This includes allocation of cases to surgeons of appropriate 

experience and skill.  

 

The series of inter-related, prospective studies comprising this thesis aimed to assess current 

outcomes of phacoemulsification cataract surgery in NZ. Specifically, the effect of preoperative risk 

stratification was addressed in a public teaching hospital environment in respect to reducing 

intraoperative complications and adverse outcomes. This final chapter sets out to condense the key 

findings of these studies and highlight future avenues of research that ultimately may improve the 

experience and outcomes for patients undergoing phacoemulsification cataract surgery. 

 

 

8.2 CONTEMPORARY CLINICAL OUTCOMES OF PHACOEMULSIFICATION CATARACT 
SURGERY IN A PUBLIC TEACHING HOSPITAL (CHAPTER 4) 
 

Despite rapid developments and extensive utilisation of phacoemulsification cataract surgery, there is 

a relative paucity of published literature evaluating its outcomes in public teaching hospital settings in 

NZ. The study presented in this chapter prospectively assessed a total of 500 consecutive cases of 

496 patients undergoing phacoemulsification cataract surgery at GLCC, Auckland (NZ’s largest public 
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ophthalmic centre) between April - June 2015. Two risk stratification systems from the UK, which has 

a public funded healthcare system similar to NZ, were specifically assessed in relation to risk 

stratification via post-hoc analysis of this prospective study group.   

The objectives of this chapter were two-fold: 

1) To assess the current population undergoing phacoemulsification cataract surgery
and their outcomes immediately prior to implementation of a preoperative risk
stratification system.

Conclusions 
• Patients presenting for cataract surgery were generally elderly (72 ± 12 years old) with one or 

more medical comorbidities (90.4%) and often an ocular comorbidity that could affect surgical 

outcomes (45.8%).

• Presenting BMVA in the operated eye was poor (6/30), especially in the Pacific Island Nations 

and Maori ethnic groups, demonstrating a significant burden for the public Ophthalmology 

service.

• The majority of cases were performed through a sutureless clear corneal incision (93.8%) and 

had intra-capsular implantation of a single-piece foldable acrylic lens (96%).

• Overall complication rates were comparable with published international standards.

o The rate of intraoperative adverse events was 8.4%, including 2.6% with a PCR.
o The rate of postoperative adverse events, assessed 4 – 6 weeks after surgery was 

8.1%, including 3.5% with CMO.

• There was no significant difference in the rate of intraoperative or postoperative adverse 

events between Registrar, Fellow or Consultant level surgeons after case-mix adjustment.

• Mean postoperative UAVA of 6/12 was achieved in 73.5% of cases. The mean BMVA and 

BCVA of 6/9 are likely underestimates since subjective refraction was only performed in 19%of 

cases (see following point).

• Patients are routinely referred to the community optometrists for refraction and reading or 

distance spectacle correction following surgery, largely because further fine-tuning of vision is 

set as a lower priority in a public hospital with limited resources.

• A considerable proportion of cases (7.3%) resulted in poorer BMVA following surgery by one 

or more Snellen lines, mostly accounted for by complications or ocular comorbidities. 

2) To assess the potential applicability of two preoperative risk stratification systems
(Muhtaseb and Buckinghamshire) in clinical practice at a NZ public teaching hospital
to reduce intraoperative complication rates.

Conclusions 

• The majority of cases had a low risk score - the median risk score was 0 using the Muhtaseb

system and 1 using the Buckinghamshire system.
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• The intraoperative complication rates increased significantly over a score of 3 using the

Muhtaseb system and a score above 5 using the Buckinghamshire system, demonstrating a

significant correlation and validating these systems in the NZ public teaching hospital setting.

• There was a stronger correlation between intraoperative complications and the Muhtaseb risk

scores than the Buckinghamshire risk scores but both systems helped identify cases with a

higher risk of intraoperative complications.

• Cases with a high Muhtaseb risk score (>3) were operated mostly by Consultants but 19% of

these cases were operated by Registrars and 22% by Fellows in this observational phase of

the studies.

• Although the systems were specifically designed to predict intraoperative complication rates,

higher Buckinghamshire risk scores also correlated with higher postoperative complication

rates and poorer postoperative BMVA. Similarly, higher Muhtaseb risk scores correlated with

poorer postoperative BMVA.

• Despite what appeared to be typically good case selection – i.e. the majority of higher risk

cases being treated by experienced surgeons - a number of high risk cases were treated by

Registrars. This suggested that institution of a more formalized risk stratification system might

produce more appropriate matching of complexity and surgical skill and theoretically reduce

intraoperative complication rates.

8.3 PREOPERATIVE RISK STRATIFICATION IN CLINICAL PRACTICE (CHAPTER 5) 

The aim of the research highlighted in this chapter was to compare outcomes of phacoemulsification 

cataract surgery immediately before and after implementation of a formal risk stratification system 

with a focus on intraoperative complications. In February 2016, on the basis of my preliminary 

research, the Muhtaseb risk stratification system was selected and formally implemented to allocate 

high risk cases (risk score >3) to senior surgeons (Fellow or Consultant).  

The risk score was documented in the clinical notes so that the operating surgeon was aware of the 

appropriate risk score prior to the surgery. The outcomes of a further 500 consecutive cases of 

phacoemulsification surgery (performed in February - April 2016) using this prospective stratification 

system were compared to the preliminary observational study of 500 cases, with post-hoc analysis, as 

already presented and discussed in chapter 4 and highlighted in the previous section.  

Conclusions 

• The rate of intraoperative complications actually reduced by 40% (8.4% to 5.0%) following

introduction of formal preoperative risk stratification and subsequent allocation of higher risk

cases to senior surgeons.

• The reduction was significant for cases with a risk score >3, indicating that the risk

stratification system was effective in appropriately allocating cases to trainee and senior
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surgeons. 

• Perhaps surprisingly, there was also a reduction in complication rates for cases with a risk

score of zero, possibly demonstrating a general increase in awareness of risk and prevention

for all cases.

• Similarly, the trend of reduction in intraoperative complications was observed for all surgeon

levels (Registrar, Fellow, Consultant).

• There was no significant effect on the rate of postoperative complications and postoperative

visual acuity (despite correlations with the risk scores in the Phase 1 observational stage).

• There was a high inter-rater agreement in risk scores (92%) demonstrating that the risk

stratification system could be easily used by different surgeons at a public teaching hospital.

• Overall the data from this study clearly suggest that a formal risk stratification system can be

readily introduced to a public hospital service with significant reduction in intraoperative

complication rates during the study period.

8.4 ASTIGMATIC CORRECTION WITH TORIC INTRAOCULAR LENSES IN A PUBLIC TEACHING 
HOSPITAL (CHAPTER 6) 

Residual astigmatism limits the visual improvement following routine phacoemulsification cataract 

surgery in a significant number of patients. Thus, cases with moderate amounts of regular corneal 

astigmatism may benefit from concurrent treatment of astigmatism at the time of cataract surgery. The 

aim of the research contained in this chapter was to assess the utilisation of toric IOLs and associated 

complications at a public teaching hospital to determine their added benefits in cataract surgery.  

A subgroup including all patients who received toric IOLs (Alcon AcrySof IQ SN6ATT, Zeiss TORBI 

709M) were identified from the overall cohort of 1000 cases undergoing phacoemulsification cataract 

surgery in 2015 and 2016 (as presented in chapters 4 and 5). 

Conclusions 

• There is a significant under-utilisation of toric IOLs with 10.7% of cases meeting the current

preoperative criteria for funding at this public hospital (≥2.0 D of corneal astigmatism) yet

only 5.9% receiving a toric IOL at time of phacoemulsification cataract surgery.

• Preoperative assessment of magnitude, axis and regularity of corneal astigmatism was

generally performed using automated keratometry on the IOL-Master and tomography from

the Orbscan II unit.

• The IOL-Master measurements provided higher magnitudes of astigmatism than Orbscan

(mean difference 0.36 ± 0.45 D), which was not statistically, but potentially clinically,

significant.

• The difference in axis of the steep meridian between the two modalities was 4.4 ± 6.5º.

• These discrepancies in astigmatic power and axis orientation highlight the current limitations
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in accurately calculating the IOL power and alignment, and the significance of utilizing 

multiple available modalities.  

• The most consistent and repeatable measurements from either the IOL-Master or Orbscan

were applied to determine the power and alignment of IOLs.

• The Alcon AcrySof toric calculator was used in the majority of cases (75.9%) but the Barrett

calculator was also frequently used (22.4%) to appropriately account for the posterior corneal

curvature.

• Following surgery with a toric IOL, the median postoperative UAVA and BCVA were 6/9,

which was not significantly different from eyes that received a spherical IOL.

• However, only 53% of cases achieved ≤1.00 D of residual refractive astigmatism 4 – 6 weeks

after surgery, possibly due to intentional under-correction in cases with variable preoperative

measurements or due to misalignment of the toric IOL.

• There was poor documentation of axis alignment but from the available data, the average

misalignment was only 3.3° from the intended axis (but up to 72°), which results in around

11% loss of astigmatic correction. This may be due to a small degree of error introduced

during the preoperative corneal marking at the slit-lamp, intraoperative alignment of the IOL,

or postoperative axis assessment. However, IOLs may also rotate postoperatively.

• Based on limited postoperative refractions, cases that received a toric IOL had an average

over-correction of astigmatism by 12% or 0.3 D than intended. The overall index of success

(0.46) was reasonably close to ideal (0).

• Overall the data from this study suggest that uptake of toric IOLs could be improved in the

public hospital setting and that better postoperative assessment and documentation of the

axis or IOL alignment and refraction would improve assessment of outcomes.

8.5 CATARACT SURGERY AND THE CORNEAL ENDOTHELIUM: PSEUDOPHAKIC BULLOUS 
KERATOPATHY IN NEW ZEALAND (Chapter 7) 

Pseudophakic bullous keratopathy following phacoemulsification cataract surgery can occasionally 

lead to permanent decline in vision and ocular pain. However, recognition of the risk factors and 

application of modified surgical techniques and equipment have likely reduced the rate of PBK since 

the introduction of phacoemulsification to NZ in 1988.  

The objective of the research contained in this chapter was to assess this longer-term complication of 

phacoemulsification cataract surgery through longitudinal trends of PBK and its treatment in NZ.  

The prospectively acquired New Zealand National Eye Bank data on corneal transplantation compiled 

over 25 years (1991 - 2015) was analysed with regards to indications and techniques, as well as the 

age of patients with bullous keratopathy undergoing corneal transplantation. 
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Conclusions 

• During the 25-year study period, extracapsular cataract surgery techniques were supplanted 

by phacoemulsification and the population of New Zealand grew by over 35%. The frequency 

of cataract surgery also increased from 373 to 486 per 100,000 per annum in the later years 

(2004/05 – 2013/14), likely preceded by a steeper rise. Thus, one might have hypothesised an 

increase in transplantation procedures in absolute (if not relative) terms over this period.

• During the study period, the proportion of keratoplasty procedures performed for PBK initially 

increased to a peak in 1996 - 2000, likely due to the use of older style ACIOLs in the 1980s 

and particularly the introduction of phacoemulsification, with its associated learning curve, in 

the early 1990s.

• Subsequently, the frequency of transplantation for PBK reduced, theoretically due to a 

combination of: refinement of phacoemulsification, routine use of OVDs and avoidance of risk 

factors. Indeed, PBK, having been the 2nd leading indication early in the study, became the 4th 

leading indication for keratoplasty by 2011 - 2015.

• Initially, the most common technique for corneal transplantation to treat PBK was a PK but 

since the wider adoption of EK since 2007, EK has become the preferred technique for PBK.

• The majority of patients receiving a keratoplasty for bullous keratopathy were aged between 

70 to 79 years, throughout the 25-year period studied, indicating surgical treatment of this 

complication within an average of 7 years following cataract surgery. Bullous keratopathy may 

develop earlier but there may be a delay in treatment due to patient’s preferences and 

perception of impairment, as well as a long waiting list for corneal transplantation in NZ.

• Overall, this 25-year study of corneal transplantation for pseudophakic bullous keratopathy 

clearly shows a significant reduction in both absolute and relative terms of PBK as an 

indication for transplantation. This most probably mirrors significant improvements in 

phacoemulsification cataract-surgery techniques during the period. 

8.6 CONCLUSIONS 

This thesis assessed the current outcomes of phacoemulsification cataract surgery in NZ with a focus 

on its complications. The studies confirmed a decreasing rate of adverse outcomes and also changing 

trends in their treatment. A simple preoperative risk stratification system provided further reduction in 

intraoperative adverse outcomes by increasing awareness of the associated risk factors and 

supporting a standardized method for allocating cases to appropriately experienced surgeons. 

However, further research is required to determine if some of this effect may be temporary e.g. due to 

increased awareness during a study period, or whether this can readily be translated to a long-term 

improvement. 

Certainly, there is clear prospect for further logistical improvement in the implementation of such risk 

stratification systems. A more practical automated or electronic system that calculates the risk score 
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during the preoperative consultation would probably increase the efficiency of the risk stratification 

system and also improve documentation. In a public hospital setting where there are multiple 

surgeons this may also help organisation of operating lists in advance, ensuring that cases with a high 

risk in particular have a surgeon with sufficient experience and skills on the day.  

New risk factors continue to arise with developments in medicine and surgery. The preoperative risk 

stratification system may be further enhanced by incorporating these new factors, if applicable, to the 

local patient population and surgeons. Furthermore, it is anticipated that ongoing research of risk 

factors and technological developments will improve the accuracy and reliability of preoperative 

assessments, the effectiveness and consistency of intraoperative techniques, and the long-term 

stability and predictability of IOLs, subsequently leading to safer surgery and better visual outcomes. 

Based on the current studies, local and new risk factors have already been incorporated into the 

standard risk stratification system that will be implemented in the Auckland Cataract Study III, 

launched in April 2017  

The relatively low uptake of toric IOLs in the current studies may occur for a number of reasons, 

including a tendency to minimise costs in a finance-limited public hospital system. However, in the 

current study uptake was low despite funding to support such utilisation and future studies need to 

address these barriers which might include: local information on criteria and eligibility, logistics such 

as additional assessment and ordering of specific IOLs, ready access to appropriate toric calculators, 

and appropriate training. Addressing these issues in the Auckland Cataract Study III may also 

improve the poor uptake of toric IOLs and provide better UAVA to meet the increasing demands for 

high quality vision following contemporary phacoemulsification cataract surgery. Key to confirming 

such potential improvement is the measurement of IOL axis and the need to acquire data on 

refraction (from internal or external optometric assessment) in the postoperative period.  

As with any surgical treatment for a disease, phacoemulsification cataract surgery will never be free of 

adverse outcomes. Fortunately, we can apply our increasing understanding of patient and ocular risk 

factors through preoperative risk stratification systems to help minimise intraoperative complications 

in different cases of cataract surgery. With a rapidly growing number of cataract patients in NZ, it is 

hoped that the research presented in this thesis will be utilized to help prepare surgeons and patients 

for the most effective and safest phacoemulsification cataract surgery. Currently, we expect the locally 

refined risk stratification system, based on that of Muhtaseb, will become the standard of care in 

Auckland DHB and farther afield in New Zealand.  
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� PURPOSE: To assess the effect of preoperative risk
stratification for phacoemulsification surgery on intrao-
perative complications in a teaching hospital.
� DESIGN: Prospective cohort study.
� METHODS: Prospective assessment of consecutive
phacoemulsification cases (N[ 500) enabled calculation
of a risk score (M-score of 0–8) using a risk stratification
system. M-scores of >3 were allocated to senior
surgeons. All surgeries were performed in a public teach-
ing hospital setting, Auckland, New Zealand, in early
2016. Postoperatively, data were reviewed for complica-
tions and corrected distance visual acuity (CDVA).
Results were compared to a prospective study
(N [ 500, phase 1) performed prior to formal introduc-
tion of risk stratification.
� RESULTS: Intraoperative complications increased with
increasing M-scores (P [ .044). Median M-score for
complicated cases was higher (P [ .022). Odds ratio
(OR) for a complication increased 1.269 per unit increase
in M-score (95% confidence interval [CI] 1.007–1.599,
P [ .043). Overall rate of any intraoperative complica-
tion was 5.0%. Intraoperative complication rates
decreased from 8.4% to 5.0% (OR [ 0.576,
P [ .043) comparing phase 1 and phase 2 (formal intro-
duction of risk stratification). The severity of complica-
tions also reduced. A significant decrease in
complications for M [ 0 (ie, minimal risk cases) was
also identified comparing the current study (3.1%) to
phase 1 (7.2%), P[ .034. There was no change in post-
operative complication risks (OR 0.812, P[ .434) or in
mean postoperative CDVA (20/30,P[ .484) comparing
current with phase 1 outcomes.
� CONCLUSION: A simple preoperative risk stratification
system, based on standard patient information gathered at
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preoperative consultation, appears to reduce intraopera-
tive complications and support safer surgical training by
appropriate allocation of higher-risk cases. (Am J
Ophthalmol 2017;181:20–25. � 2017 Elsevier Inc. All
rights reserved.)

C
ATARACT SURGERY IS AN EXTREMELY COMMON

and typically highly successful procedure, with
contemporary intraoperative complication rates

reported between 3.8%–8.4% internationally.1–7

Accordingly, there is widespread international interest in
identifying and stratifying patient risk factors
preoperatively so as to further reduce these complication
rates and improve outcomes for the millions of people
affected worldwide.1,4,7–15

A preoperative risk stratification system for phacoemul-
sification cataract surgery was devised by Muhtaseb and
associates after identifying the patient risk factors that
were most consistently associated with intraoperative com-
plications in the literature.8 Their analysis confirmed that
higher composite risk scores correlated with greater risk
of intraoperative complications, and this observation was
subsequently validated in other clinical studies.8,11–13

The authors have been assessing outcomes of phaco-
emulsification cataract surgery in teaching hospital settings
since 2000.6,16–18 Recently we assessed, and published in
this journal, the potential applicability of preoperative
risk stratification in a prospective study of contemporary
cataract surgery in a training center.1 The purpose of the
current study was to assess the effect of Muhtaseb’s
preoperative risk stratification system on intraoperative
complication rates when formally applied to clinical
practice at the same major public teaching hospital in
New Zealand (NZ).
METHODS

THIS PROSPECTIVE CLINICAL STUDY ASSESSED THE OUT-

comes of 500 consecutive cases of phacoemulsification
cataract surgery performed between February and
April 2016, following formal implementation of the
0002-9394/$36.00
http://dx.doi.org/10.1016/j.ajo.2017.06.014

LL RIGHTS RESERVED.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://AJO.com
mailto:c.mcghee@auckland.ac.nz
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajo.2017.06.014&domain=pdf
http://dx.doi.org/10.1016/j.ajo.2017.06.014


TABLE 1. Preoperative Risk Factors as Per the Muhtaseb
Risk Stratification System for Phacoemulsification Cataract

Surgery

Risk Factor M-scorea

Age >88 years 1

Ametropia (>6 D of myopia or hyperopia) 1

Brunescent/white/dense/total cataract/no

fundus view

3

Corneal scarring 1

Phacodonesis 3

Posterior capsule plaque 1

Posterior polar cataract 1

Previous vitrectomy 1

Pseudoexfoliation 3

Shallow anterior chamber (<2.5 mm) 1

Small pupil (<3 mm) 1

Miscellaneous risks assessed by the

surgeon (eg, poor position/cooperation)

1

Maximum score 18

D ¼ diopter.
aM-score: Risk score for intraoperative complications in

phacoemulsification cataract surgery using the Muhtaseb risk

stratification system.8
Muhtaseb preoperative risk stratification at Greenlane
Clinical Centre (GLCC), Auckland District Health
Board (ADHB), Auckland, NZ.8 The study protocol was
approved by the ADHB research committee and
the study adhered to the tenets of the Declaration of
Helsinki.

The Muhtaseb system allocates 1 or 3 points to each
patient/eye factor depending on its potential associated
risk for an intraoperative complication8 (Table 1). Preoper-
atively, 1 experienced investigator (B.K.) scored all risk
factors that were documented in the preoperative consulta-
tion notes to calculate an ‘‘M-score’’ for each case.

The outcomes in this study, hereafter termed ‘‘phase 2,’’
were compared with the previous prospective study of 500
phacoemulsification surgeries performed at GLCC under
identical conditions immediately prior to the formal intro-
duction of cataract risk stratification (April-June 2015—
hereafter termed ‘‘phase 1’’).1 In both phases the risk score
was calculated usingMuhtaseb’s system.8 However in phase
1 (ie, the observational stage), the operating surgeons were
unaware of the M-score. Following evaluation of the initial
observational series (phase 1), cases with an M-score >3
were noted to have a statistically significant higher risk of
intraoperative complications compared to M¼ 0, as previ-
ously reported in this journal.1 Thus, in the current phase 2
(unlike phase 1) the investigator (B.K.) documented the
M-score in the patient clinical notes and all surgeons
were made aware that cases with an M-score of >3 should
be performed by more experienced or senior surgeons
(fellow/attending).

A standardized operation proforma was inserted into all
clinical files and used to record the surgical procedure for all
cases. This also enabled surgeons to simply box-tick, as
carefully instructed, any of the common intraoperative
complications that might have been encountered, and
space was also provided to document in writing any other
rare adverse events not on this template.

All surgeries involved standard phacoemulsification
cataract surgical techniques and established trainee super-
vision protocols at GLCC. Perioperative management was
provided as per routine protocol at GLCC. Following sur-
gery and the routine 4- to 6-week postoperative follow-
up, the investigator (B.K.) reviewed all clinical/surgical
notes to collect data on surgeon level (resident/registrar,
fellow, attending) any intraoperative complications
(capsular tear, zonular dialysis, iris prolapse, iris trauma, vit-
reous loss, dropped nucleus, choroidal hemorrhage, wound
complication, other), postoperative complications (cystoid
macular edema, corneal edema, uveitis, endophthalmitis,
retinal detachment, elevated IOP >21 mm Hg, other),
and corrected distance visual acuity (CDVA).

Statistical analyses were performed with advice from
professional biostatisticians and using SPSS version 22
(Statistical Package for the Social Sciences GmbH,
Munich, Germany). The median was defined as the middle
value of the dataset arranged in order of frequency. Logistic
VOL. 181 REDUCING CATARACT COMPLICATIO
regression analyses were conducted to compare risk scores
and complication rates before and after risk stratification.
Fisher exact tests were performed for comparisons of
proportions, and x2 tests of independence were performed
to determine any significant relationships between categor-
ical variables. An experienced investigator (J.M.) indepen-
dently scored the middle 50 cases using the Muhtaseb
system and the preoperative clinical notes for an analysis
of interrater variability. P values <.05 were considered
statistically significant.
RESULTS

ATOTALOF 500 EYESOF 500 CONSECUTIVE PATIENTSUNDER-

going phacoemulsification cataract surgery were included
in the current study (phase 2). The preoperative profiles
of these cases are displayed in Table 2 for comparison
with an earlier 500 consecutive cases (496 patients)
assessed in the year prior to formal implementation
of risk stratification in the Auckland Cataract Study
(phase 11).
There was 92% interrater agreement in calculating the

M-scores: 4 of 50 cases scored differently on the basis of
indistinct documentation of pupil size, density of cataract,
and miscellaneous risk.
The M-score was 0 for 295 cases, resulting in a median

M-score of 0. More than 90% of cases had an M-score <_3.
There were fewer cases scoring M ¼ 1 and more cases
21NS WITH RISK STRATIFICATION
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FIGURE 1. Comparison of number of cases per M-score for
phacoemulsification cataract surgery before (phase 1,
N [ 500 eyes) and after (phase 2, current study, N [ 500
eyes) the introduction of risk stratification.

TABLE 2. Auckland Cataract Study Comparison of
Preoperative Factors of Patients Undergoing

Phacoemulsification Cataract Surgery Before and After

Introduction of Preoperative Risk Stratification

Preoperative Variables

ACS Phase 1a

(N ¼ 500 Eyes)

(Kim et al, 20161)

ACS Phase 2a

(N ¼ 500 Eyes)

(Current Study)

P Value for

Difference

Age (y)

Mean 6 SD 72 6 12 74 6 10

Median 75 74 .466

Range 15–96 28–98

Female 57.4% 54.6% .372

Right eye 53.0% 52.8% .949

First eye 61.6% 60.6% .746

Ethnicityb

White 55.6% 59.2% .250

Pacific Island Nations 14.6% 9.6% .015c

Asian 12.4% 12.8% .849

Indian 5.6% 8.4% .083

Other/not identified 6.2% 5.6% .301

Maori 4.6% 4.4% .879

Preoperative CDVA in

operated eye

20/100 20/100 .524

Preoperative CDVA in

fellow eye

20/40 20/60 .385

ACS ¼ Auckland Cataract Study; CDVA ¼ corrected distance

visual acuity.
aPhase 1 consisted of 500 eyes of 496 patients; Phase 2

consisted of 500 eyes of 500 patients.
bEthnicity was recorded as self-identified by the patients. In

New Zealand, ‘‘Asians’’ are commonly defined as peoples from

East, South, and Southeast Asia.19

cSignificantly smaller proportion of Pacific Island Nations in

phase 2 compared to phase 1.
scoring M ¼ 3 in the current study compared to phase 1
(P < .001 for both) (Figure 1). However, there was no
significant difference in the proportion of high-risk cases
(M > 3), between phases (P ¼ .710).

The overall rate of any intraoperative complication was
5.0% after standardized preoperative risk stratification and
subsequent allocation based on surgeon experience (phase
2, N ¼ 500). The risk of an intraoperative complication
reduced after risk stratification (odds ratio [OR] ¼ 0.576,
P ¼ .043, adjusted for surgeon level and case mix using
M-scores).

The intraoperative complication rates increased with
increasing M-scores in both phase 1 and phase 2
(P ¼ .001 and P ¼ .044, respectively). The OR of a
complication increased by 1.269 (95% confidence inter-
val [CI] 1.007–1.599, P ¼ .043) per unit of increase in
M-score, adjusted for surgeon level. Prior to risk stratifi-
cation, in phase 1, the OR increased by 1.368 per unit
of increase in M-score (95% CI 1.146–1.633,
P ¼ .001). The median M-score for complicated cases
22 AMERICAN JOURNAL OF
was significantly higher than for uncomplicated cases
(1 vs 0, P ¼ .022, N ¼ 500).
The proportion of high-risk cataract cases (M> 3) expe-

riencing a complication reduced significantly with the
formal introduction of risk stratification, with only 2 cases
(6.1%) in phase 2, compared with 11 cases (29.7%) in
phase 1 (P¼ .014) (Figure 2). The 2 complications in phase
2 were iris prolapse and iris trauma, whereas the 11 compli-
cations in phase 1 comprised capsule tear (4), vitreous loss
(2), zonular dialysis (5), iris prolapse (1), and iris trauma
(2) (these resulted in 3 cases of aphakia and 3 primary
sulcus intraocular lenses).
For lower-risk cases (M¼ 1–3), there was no statistically

significant difference in intraoperative complications
between phase 1 and phase 2 of the study (5.9% vs 8.1%,
P ¼ .415). However, interestingly, there was a significant
decrease in complications for cases rated M ¼ 0 (ie, mini-
mal risk) comparing phase 1 (7.2%) with the current phase
2 (3.1%) study (P ¼ .034).
In a busy public teaching hospital setting, the cataract

surgeries (N ¼ 1000) over the 2 prospective phases were
performed by a total of 45 surgeons—10 residents, 9 fellows,
and 26 consultants/attendings—with or without assistance
from a second surgeon. However, 23 of these surgeons were
involved in both phase 1 (328 cases) and phase 2 (247
cases). Residents performed 19.3% of cases, fellows
23.6%, and attendings 57.1%. There was no difference in
the proportion of cases performed by the different grades
of surgeon between phase 1 and phase 2 (P ¼ .256). After
case-mix adjustment usingM-scores, the OR of a complica-
tion for residents was 1.73 compared with more experi-
enced surgeons (fellows/attendings), but this did not
reach statistical significance (P ¼ .239).
In the current phase 2 study, only 1 high-risk case

(M ¼ 4) was operated by a resident (assisted by an
attending) and this case had an intraoperative complica-
tion. The reasons why a resident operated on a high-risk
case were not documented. Previously, in phase 1, 7
SEPTEMBER 2017OPHTHALMOLOGY
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FIGURE 2. Proportion of phacoemulsification cataract surgery
cases per M-score with an intraoperative complication before
(phase 1, N [ 500 eyes) and after (phase 2, current study,
N[ 500 eyes) the introduction of preoperative risk stratification.
high-risk cases were primarily operated upon by a resident
(5 with M¼ 4 and 1 with M¼ 5) and 1 of these 7 cases had
a complication.

Of 32 high-risk cases performed by a senior surgeon, only
1 (3%) had an intraoperative complication. Previously, in
phase 1, senior surgeons operated on a similar number of
high-risk cases (n¼ 30), but 10 (33%) of these experienced
a complication. All of the highest-risk cases (M > 6) were
performed by attendings (5 in each phase).

Notably, the risk of postoperative adverse events in
phase 2 was not significantly different from phase 1
(P ¼ .434). Mean and median postoperative CDVA was
20/30 (n ¼ 472). There was no significant difference in
CDVA between phase 1 and phase 2 (P¼ .573), or in rela-
tion to those cases with and without an intraoperative
complication (P ¼ .212).
DISCUSSION

WE BELIEVE THAT THIS STUDY SUPPORTS THE RELATIVELY

easy institutional introduction of a simple, standardized,
preoperative risk stratification system to improve safety of
phacoemulsification surgery in the public teaching hospital
setting. As part of the Auckland Cataract Study, an initial
prospective study (phase 1) published in this journal1

demonstrated the potential utility of risk stratification to
identify cases at greater risk of intraoperative complica-
tions. In the current (phase 2) prospective assessment of
a consecutive cohort of 500 phacoemulsification proced-
ures, a significant reduction in intraoperative complica-
tions was identified after active implementation of the
Muhtaseb risk stratification system.8

After evaluation of the initial observational series (phase
1), cases with an M-score >3 were noted to have a signifi-
cantly higher risk of intraoperative complications.1 Thus,
in phase 2 (unlike phase 1, where the surgeon was unaware
of the M-score) all surgeons were advised that cases with an
VOL. 181 REDUCING CATARACT COMPLICATIO
M-score of>3 should be performed by more experienced or
senior surgeons (fellow/attending). Following this modifi-
cation to standard practice for cataract surgery, there was
an overall 40% reduction in intraoperative complications
in phase 2 compared with phase 1 (8.4% vs 5.0%). More-
over, complications in higher-risk cases were less signifi-
cant or vision-threatening in phase 2. Thus this
unmodified, standardized scoring system appears to be a
useful objective tool in reducing the risk of surgical compli-
cations in a teaching hospital environment.
Despite a relatively small number of high-risk cases that

may have been reallocated to more senior surgeons (by
applying M-scores) in phase 1, there was a relatively large
reduction in complications in the current study (phase 2)
when such allocation was made on M-score.
Factors, other than the risk scoring and case allocation

alone, that may also have contributed to this reduction
in complications include a different case mix, different sur-
geons, increased precautions taken by all surgeons when
risk scores were clearly documented, and the Hawthorne
or observer’s effect.20 However, there was no significant dif-
ference in the overall case mix between phases 1 and 2
according to the proportions per M-score. Furthermore,
the proportion of cases performed by residents, fellows,
and attendings were constant between phases 1 and 2.
Allowing for rotation of staff, a large number of the same
surgeons (n ¼ 23) were involved in both phases of the
study, conducting 66% of cases in phase 1 and 49% of cases
in phase 2. Importantly, in terms of comparison of the cur-
rent phase with the earlier phase of these prospective
studies, the relative experience of the mix of residents, fel-
lows, and attendings typically remains constant at GLCC.
The greatest beneficial impact of the risk stratification

system probably lies in the core information summary it
provides to all surgeons regarding the potential risks and
difficulties in each case. In phase 1, the surgeons were
masked to the M-scores, although the standard clinical
information used to calculate these scores was available
in the patient notes to make a qualitative assessment,
whereas in phase 2 the quantitative standardized M-score
was clearly and prominently documented in the surgical
notes, appropriately advising that higher-risk cases should
be operated by more experienced surgeons. However, risk
stratification may also simply increase surgeons’ general
awareness of risk factors, encouraging appropriate precau-
tions and planning for modification of surgical techniques
or additional equipment/agents as required so as to avoid
complications.
Interestingly, there was also a significant reduction in

complication rates for cases with no discernable risk factors
(M ¼ 0) in phase 2, despite that there was no specific
change in the management of these cases and surgeons
of all levels operated on this group in both phases of the
study. Notably, all surgeons were informed prior to
commencement of the study that all results would be anon-
ymous and pooled into resident, fellow, and attending
23NS WITH RISK STRATIFICATION



categories for analysis. However, in phase 2 the docu-
mented risk score and surgical note template may have
acted as a constant reminder to surgeons that all cases
were being analyzed. Also, the outcomes in phase 1 were
fed back to the surgeons as a group before commencing
phase 2. This may have provided the known beneficial ef-
fects of audit and feedback to the group.21,22 Despite
individual anonymity in terms of outcomes, surgeons may
also have a tendency to minimize risk when aware of
results being observed and/or may have a natural
reluctance in reporting minor adverse events that might
be viewed as ‘‘complications.’’ It is also important to note
that M ¼ 0 does not actually equate to being risk-free, as
any surgery obviously has the potential risk of complica-
tion. Furthermore, theM-score system does not incorporate
all possible risk factors.

There are several other preoperative risk stratification
systems reported in the literature that incorporate different
risk factors.1,8,9,14,23 As the prevalence of different risk
factors varies between populations, it is important to use
a risk stratification system that is best suited for the local
population. This is likely to give a better indication of
the risks without being compounded by scoring irrelevant
risk factors. NZ has a similar health system to the United
Kingdom (UK) National Health Service and the
Muhtaseb system was developed in the UK using
evidence from the international literature regarding
relevant risk factors.8 This included the Najjar and Awwad
risk score for trainee surgeons.23 However, there may be
other risk factors peculiar to the NZ population that differ
from theUK including ethnic mix, relatively advanced cat-
aracts, and ocular comorbidities, as suggested in a recent
study fromWaikato, NZ.7 Other risk factors, such as ‘‘floppy
iris’’ related to oral alpha-antagonists, have only been
widely recognized since the Muhtaseb system was formu-
lated in 2004.24,25 Therefore, it may be possible to fine-
tune the Muhtaseb system for enhanced utility in NZ or
other countries by considering outcomes from the current
study and an ongoing assessment of risk factors and their
odds ratios for a complication.

When applying a risk scoring system, one must recognize
that the surgical experience of trainees varies between in-
stitutions. For example, in the current study the Auckland
ophthalmology service typically serves a population with
poorer presenting visual acuities than many other centers
in the developed world.2,3,5 This is influenced by the
significant number of Maori and Pacifika patients, who
present with relatively poorer visual acuity and more
advanced cataract compared to the rest of the
population.2,7,16 Paradoxically, for local ophthalmic
trainees, this setting may enhance their ability to manage
more dense cataracts; therefore the risk of a complication
associated with such cases may not be as high as in other
24 AMERICAN JOURNAL OF
centers. On the other hand, the local trainees may be less
experienced in managing cases with pseudoexfoliation
compared to Sweden, where the prevalence of this
condition is more common.26 Hence, each institution or
professional college may need to consider use of a modified
risk stratification system or a different transition score for
allocating cases to surgical trainees.
It appears that the risk stratification system used had no

significant effect on postoperative complications or
CDVA. However, Muhtaseb’s system was specifically
designed for intraoperative complications, and the effect
on reducing (already uncommon) intraoperative complica-
tions in the current study may not impact on overall post-
operative complications.4 Nonetheless, preventing an
intraoperative complication may carry significant value
for individual cases—for example, posterior capsule rupture
is associated with vision-threatening postoperative compli-
cations such as cystoid macular edema and retinal detach-
ments.27–29

One limitation in this study is that a large number of
cases involved an assistant surgeon. Even with a simple
template for intraoperative documentation, there were dif-
ficulties in discriminating the precise surgeon at each step
of the procedure from the operation notes; thus complica-
tions were ascribed to the ‘‘primary surgeon.’’ Ideally, only
cases performed by single surgeons should be analyzed to
compare outcomes. However, these are limitations of clin-
ical research in real-life public hospital settings with surgi-
cal supervision and highlight the potential complexities in
applying a stratification/allocation system in practice. A
study of more cases performed by trainees may also help
better distinguish a suitable transition score for trainees
at specific stages of residency.
The study also relied on careful assessment of risk factors

and thorough documentation, which was variable in prac-
tice. Factors that were not documented were not scored and
thus may have resulted in an underestimate of the true risk.
Clinically, this could lead to avoidable complications. This
limitation may easily be overcome by using a simple stan-
dardized preoperative scoring sheet including all the risk
factors in the stratification system at the preoperative
consultation.
In conclusion, this study observed a very significant

reduction in intraoperative complications following
implementation of Muhtaseb’s preoperative risk stratifi-
cation system for phacoemulsification cataract surgery.
Such a simple standardized system may increase the
awareness of risk factors for all surgeons that may help
them better prepare for potential intraoperative diffi-
culties. Overall, the risk stratification system appears to
support the delivery of safer cataract surgery in a public
teaching hospital setting and allocating higher-risk cases
appropriately.
SEPTEMBER 2017OPHTHALMOLOGY
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Auckland cataract study 2: clinical outcomes of
phacoemulsification cataract surgery in a public
teaching hospital
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1Department of Ophthalmology, New Zealand National Eye Centre, Faculty of Medical and Health Science, University of Auckland, and
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ABSTRACT

Importance: A contemporary benchmark for the most
common ophthalmic surgery.

Background: To assess patient characteristics and out-
comes of contemporary phacoemulsification cataract
surgery in a New Zealand public teaching hospital
setting.

Design: Prospective observational study.

Participants: Consecutive cases (n = 500) of
phacoemulsification surgery between April and
June 2015.

Methods: An independent observer assessed clinical
and surgical data preoperatively and 4–6 weeks
postoperatively.

Main Outcome Measures: Visual acuity, intraopera-
tive and postoperative complications.

Results: Mean age was 72.3 ± 11.9 years and 57% fe-
male. Mean preoperative best-measured visual acu-
ity was 6/30. Ocular comorbidity was present in
45.8% of eyes, most commonly glaucoma (10%),
age-related macular degeneration (8%) and diabetic
retinopathy (8%). Systemically, hypertension
(59%) and diabetes mellitus (31%) were prevalent.
Mean contralateral best-measured visual acuity was
6/12 (n = 495) with 62% being phakic. The rate of
posterior capsular tear was 2.6% and cystoid macular
oedema 3.5%. Intraoperative complication rates

were not significantly different between surgeon
levels (P = 0.234). However, registrars had fewer
postoperative complications than fellows (2.2% vs.
11.9%, P = 0.012). Postoperatively, mean unaided
and best-measured visual acuity were 6/12 and 6/9.

Conclusions and Relevance: This study reports cur-
rent phacoemulsification surgery outcomes in a
major public teaching institution. A large proportion
of patients exhibited systemic and ocular comorbidi-
ties, relatively dense cataracts and poor presenting
visual acuity. However, visual outcomes and intraop-
erative complication rates were not statistically
different between trainees and senior surgeons.
Generally, outcomes reflect international standards
and have improved since the last comparable study
in this region.

Key words: cataract surgery, complication rate, obser-
vational study, visual outcome.

INTRODUCTION

Cataract is the most common cause of blindness in the
world but fortunately is a highly treatable condition.
Globally, 20 million people are estimated to be blind
from cataract, and the demand for cataract surgery is
expected to multiply with the ageing population.1–3

New Zealand has a public healthcare system simi-
lar to, but predating, the UK National Health Service.
All citizens and residents are entitled to
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comprehensive ophthalmic care in the hospital set-
ting without direct cost. In the year 2000, the first
Auckland Cataract Study (ACS1)4 prospectively
assessed 500 eyes that underwent cataract surgery at
Auckland Public Hospital. Since then, there have
been major advances and 15 years of additional clin-
ical experience in cataract techniques.

The aim of this study was to assess the current
population undergoing phacoemulsification cataract
surgery in Auckland (1.6 million residents) with par-
ticular focus on visual outcomes and adverse events
compared with our previous study and contemporary
international outcomes.

METHODS

Prospective, observational, clinical study of 500 con-
secutive cases of phacoemulsification cataract surgery
was performed between April and June 2015 at
Greenlane Clinical Centre (GLCC), Auckland District
Health Board, Auckland (the largest ophthalmic
centre in New Zealand). Cases were excluded if
phacoemulsification was planned with any other sur-
gical procedure (e.g. simultaneous corneal trans-
plant). The study was approved by the Auckland
District Health Board research committee and
adhered to the tenets of the Declaration of Helsinki.
All perioperative care was provided as per routine
protocol at GLCC.

A single independent observer (BZK) reviewed
the clinical and surgical notes prior to surgery and
collected preoperative data including patient demo-
graphics (age, gender and ethnicity), ophthalmic
history, medical history, best-measured distance
visual acuity (BMVA), slit lamp bio-microscopy and
intraocular lens (IOL)-Master biometry (Carl Zeiss
Meditec AG, Germany). If IOL-Master results were
unattainable or unreliable, Nidek KM-500 (Nidek
Inc., Fremont, CA), Humphrey 599 (Carl Zeiss,
Dublin, CA), Topcon OM-4 (Topcon Corp., Tokyo,
Japan) and Ocuscan contact (non-immersion) ultra-
sound (Alcon, Fort Worth, TX) were used. Best-
corrected distance visual acuity (BCVA) was not
available for all cases; thus, BMVA was recorded
with habitual correction or no correction. Ethnicity
was recorded as self-identified by the patients. In
New Zealand, ‘Asians’ are commonly defined as
peoples from East, South and Southeast Asia.5

Intraoperative data included surgeon level
(registrar [resident], fellow or senior medical
officer/consultant [SMO]), IOL type, IOL power
and placement, type of incision, suture use and any
adverse events.

Postoperative data collected after the routine 4- to
6-week review included unaided visual acuity
(UAVA), BMVA, intraocular pressure, refraction,
slit-lamp bio-microscopy and documentation of

adverse events. At hospital discharge, patients are
referred to their community optometrist for reading
or distance spectacle correction. Therefore, formal
subjective refraction was only performed in subjects
with unexpected UAVA < 6/9 or who exhibited sig-
nificant ametropia by autorefraction (≥1.25 dioptre
[D] spherical equivalent).

Statistical analyses were performed using SPSS

version 22 (Statistical Package for the Social Sciences
GmbH Software, Munich, Germany). Mean values
were reported with standard deviations. Visual
acuitieswere converted toLogMARscales for calculat-
ing means (reported as Snellen equivalents).
Differences between ethnic groups were calculated
usinganalysisofvariance.Complicationratesbetween
surgeon levels were compared using Fisher’s exact
test. P-values < 0.05 were considered statistically
significant.

RESULTS

A total of 500 eyes of 496 patients were included,
mean age 72.3 ± 11.9 years (range 15–96 years), with
57% female. Table 1 shows the ethnic distribution of
the population. The contralateral eye was phakic in
62%. Mean contralateral BMVA was 6/12 (73%,
n = 495 excluding five Nil perception of light (NPL))
and less than or equal to counting fingers in 6% of
cases.

Patients of Maori, Pacific Island Nations and
Indian ethnicities presented for surgery at an earlier
age (68.0 ± 9.9 years [P = 0.04], 65.8 ± 12.6 years
[P < 0.001] and 66.9 ± 7.9 years [P = 0.003],
respectively) than NZ European/Europeans
(75.2 ± 11.6 years). Patients of Pacific Island Nations
ethnicity were also significantly younger than Asians
(72.1 ± 10.1, P = 0.003). The age differences between
Maori, Pacific Island Nations and Indians were not
statistically significant (P > 0.05).

The 10 most prevalent medical comorbidities are
presented in Table 2. A large proportion of patients
had hypertension (59.2%), diabetes mellitus

Table 1. Ethnic distribution of study population (n = 496
patients)

Ethnicity Percentage of study
population (%)

NZ European/European 55.6
Pacific Island Nations 14.6
Asian 12.4
Indian 5.6
Maori 4.6
Other/Not stated 7.2

Ethnicity was self-reported/defined by patients at time of hos-
pital registration.
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(30.8%) and/or ischaemic heart disease (20.6%),
with only 9.6% denying any medical comorbidity.

The mean preoperative BMVA in the operated eye
was 6/30: ≤6/60 in 19%, >6/60 but <6/12 in 50%
and ≥6/12 in 31%. There was no difference in BMVA
between first and second eyes (P = 0.673). Mean
preoperative BMVA was significantly worse in
Pacific Island Nations (6/60) compared with NZ
European/Europeans (6/21, P < 0.001) and Asians
(6/24, P = 0.001). Maori also had worse preoperative
BMVA (6/48) compared with NZ European/
Europeans (P = 0.028).

Mean minimum keratometry was 43.28 ± 1.72 D
and mean maximum keratometry of 44.38 ± 1.98 D.
The mean preoperative corneal astigmatism was
1.18 ± 1.53 D (n = 500). Figure 1 displays the range
of preoperative corneal astigmatism – 57.4% of cases
had <1.0 D, 89.4% had <2.0 D and 2% had extreme

astigmatism of ≥4.0 D. Mean axial length was
23.64 ± 1.39 mm, and mean anterior chamber depth
3.09 ± 0.44 mm.

An ocular comorbidity was present in 45.8% of
eyes, posing a guarded prognosis for visual outcomes
in some cases (Table 3). The most prevalent ocular
conditions were glaucoma (9.6%), diabetic retinopa-
thy (8.2%) and age-related macular degeneration
(8.0%).

Of 500 planned phacoemulsification procedures,
one was abandoned and returned for a combined
phaco-vitrectomy because of severe iris prolapse
prior to phacoemulsification. A second case
(keratoconic and highly myopic) was abandoned
after corneal incisions because of severe zonular
weakness and returned for combined cataract
extraction and penetrating keratoplasty.

The majority (99.6%) of cases were performed
using clear corneal incisions (two cases used a scleral
tunnel). A suture was placed in 5.8% (n = 29) of cor-
neal incisions and both scleral tunnels (n = 2). The
IOL was placed in the capsular bag (96%, n = 480),
the ciliary sulcus (2.8%, n = 14) or the anterior cham-
ber (0.2%, n = 1). No IOL was inserted in 1.0%
(n = 5) because of intraoperative complications.

The most commonly implanted IOL (83.6%) was a
single-piece foldable monofocal acrylic lens (Acrysof
SA60 or SN60, Alcon Laboratories, Fort Worth, TX,
USA) with a mean power of +20.7 D. There was no
difference in IOL power between first and second
eyes (P = 0.681). A similar platform toric IOL
(Acrysof SN6ATT, Alcon Laboratories, Fort Worth,
TX, USA) was implanted in 6.4%. Of the 54 cases
with ≥2.0 D preoperative corneal astigmatism, 26
cases (48%) received a toric IOL. Out of the remain-
ing 28 cases, eight had documented pathology that

Table 2. Ten most reported medical comorbidities (n = 496
patients)

Medical comorbidity Number of
patients

Percentage of
patients (%)

Hypertension 296 59.2
Diabetes mellitus 154 30.8
Ischaemic heart
disease

103 20.6

Hyperlipidaemia 93 18.6
Cardiac arrhythmia 62 12.4
Cerebrovascular event 53 10.6
Asthma 42 8.4
Gastro-oesophageal
reflux disease

41 8.2

Gout 39 7.8
Osteoarthritis 35 7.0
No medical comorbidity 48 9.6

Figure 1. Range of preoperative corneal
astigmatism (n = 500).
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was likely to cause irregular astigmatism. Of 10 cases
with very high astigmatism (≥4 D), six had a toric
IOL, two had keratoconus and another two had
irregular corneal scarring.

Surgery was performed by one of 36 surgeons – 22
SMOs, six fellows, eight registrars – with or without
assistance from a second surgeon. SMOs were the
primary surgeon in 298 (59.6%), fellows in 109
(21.8%) and registrars in 93 (18.6%) cases.

The rates of intraoperative adverse events between
SMOs (8.4%), fellows (6.4%) or registrars (10.8%)
were not significantly different (P = 0.234). In rela-
tion to postoperative adverse events, registrars had a
lower rate than fellows (2.2% vs. 11.9%, P = 0.012),
but there were no significant differences between
SMOs (8.0%) and registrars (P = 0.055), or SMOs
and fellows (P = 0.239). Adverse events are summa-
rized in Table 4.

Of cases that had a posterior capsule tear, vitreous
loss was assessed in two cases with intra-cameral
triamcinolone acetonide (10 mg/mL diluted 1 : 3 with
balanced salt solution), one case with acetylcholine
chloride (20 mg/mL) and in eight cases with both
agents.

There was no significant correlation between
having an intraoperative adverse event and a postop-
erative event (Pearson χ2, P = 0.072).

Eighteen patients did not attend follow up, and
one patient had died in the interim from an unrelated
cause. These 19 cases and the two complicated cases
that did not have phacoemulsification surgery but
later returned for combined procedures were there-
fore excluded from postoperative analyses. Excluded
patients (n = 21, 4.2%) were more likely to be male
(71.4% vs. 41.3%, Pearson χ2, P = 0.006) and have
worse preoperative BMVA (6/60 vs. 6/30,
P = 0.002). Ethnic distribution differed from the
overall cohort (P < 0.001) with 33% identifying as
Maori and 33% as Pacific Island Nations.

Of 479 eyes, 352 eyes (73.5%) achieved mean
UAVA of ≥6/12. Figure 2 displays the postoperative

UAVA against preoperative BMVA. There was no
difference in UAVA between first and second eyes
(P = 0.925). The mean BMVA of 6/9 was achieved
in 272 eyes (56.8%). Subjective refraction, retinos-
copy and/or auto-refraction were performed on 361
eyes. Mean best-corrected visual acuity was 6/9 in
the 92 eyes that had subjective refraction. The mean
spherical equivalent was �0.39 ± 0.90 D (range
�3.63 to +6.75 D) and the mean astigmatism was
1.1 ± 0.79 D (0–6.5). Interestingly, there was no
difference in postoperative astigmatism by refraction
between eyes with toric IOLs and eyes with non-
toric IOLs (1.37 vs. 1.27 D, P = 0.755). Extreme resid-
ual spherical refractive outcomes were attributable to
unusual cases such as very high preoperative astig-
matism and less reliable biometry due to large irreg-
ular corneal scars. Notably, four cases exhibited
postoperative astigmatism of >2 D despite insertion
of a toric IOL (ranging from SN6AT4 to SN6AT9)
aligned on the planned axis.

Seventeen eyes (3.5%) had postoperative BMVA
≤6/60. A drop in BMVA of greater than or equal to
one Snellen line following surgery occurred in 35
eyes (7.3%). Ten of these eyes had an intraoperative
or postoperative complication, 19 had an ocular co-
morbidity and 10 had neither. The differences in vi-
sual outcomes of eyes with a complication and eyes

Table 3. Coexisting ocular disease in eyes listed for cataract
surgery (n = 500)

Ocular comorbidity Number
of eyes

Percentage (%)

Glaucoma 48 9.6
Diabetic retinopathy 41 8.2
Age related macular degeneration 40 8.0
Corneal disease affecting vision 21 4.2
Previous macular surgery 18 3.6
Retinal artery/Vein occlusion 8 1.6
Previous retinal detachment 7 1.4
Other 86 17.2
More than one diagnosis 38 7.6
None 271 54.2

Table 4. Intraoperative and postoperative adverse events
following cataract surgery

Adverse events Number
of eyes

Percentage (%)

Intraoperative (n = 500)
Capsular tear – posterior 11 2.2
– Anterior 6 1.2
– Both 2 0.4

Iris prolapse 13 2.6
Zonular dialysis 8 1.6
Iris trauma 5 1.0
Vitreous loss 2 0.4†

Dropped nucleus fragment 1 0.2
Choroidal haemorrhage 0 0.0
Wound complication 0 0.0

Postoperative at 4–6 weeks (n = 479)
Cystoid macular oedema 17 3.5
Corneal oedema 5 1.0
Uveitis (≥2+ anterior chamber cells) 5 1.0
Endophthalmitis 0 0.0
Retinal detachment 0 0.0
Other‡ 3 0.6
IOP ≥ 22 (n = 470) 10 2.1

†Vitreous loss was reported at 0.4% in the intraoperative
notes but was subsequently observed to be 1.8% when intraop-
erative theatre nursing logs, postoperative clinical discharge
summaries and clinical letters were reviewed together for all
cases of posterior capsule compromise. ‡Other postopera-
tive complications were vitreous haemorrhage, vitreous to
wound and epitheliopathy.
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without a complication are displayed in Table 5. Of
note, eyes with a posterior capsule rupture (PCR)
achieved BMVA of 6/15 and eyes without PCR
achieved 6/9.6, but the difference was not statistically
significant (P = 0.161).

Of eyes with a postoperative complication,
cystoid macular oedema (CMO) was the only inde-
pendent complication with a statistically signifi-
cant effect on vision (6/15 vs. 6/9.6, P = 0.002).
Four cases with CMO had diabetes, but none had
diabetic retinopathy. Subconjunctival injection of
dexamethasone was utilized in 43 cases – 24/154
cases with diabetes (14/41 with diabetic
retinopathy) – and two later developed CMO.
Non-steroidal anti-inflammatory eye drops were
prescribed in 27 cases (19/41 with diabetic reti-
nopathy) in the immediate postoperative period,
two of which developed CMO.

DISCUSSION

This prospective study provides a detailed analysis of
phacoemulsification cataract surgery in a large
Auckland public teaching hospital, serving approxi-
mately 25% of the New Zealand population. It
illustrates improved outcomes for cataract surgery in
comparison with a similar study conducted 15 years
ago in Auckland (ACS1)4 and parallels data from
other international institutions.6–10

In the current study, patients were predominantly
elderly, NZ European/European and females. Maori
and Pacific Island Nations presented for surgery at
an earlier age than NZ Europeans/Europeans, as
reported previously4 but with poorer preoperative
BMVA. This may be related to more advanced
cataracts as evidenced by Yoon et al. who reported
that the axial length was difficult to measure in Maori
and Pacific Island Nations because of advanced
cataracts.11 Indians also presented at a younger age
than NZ Europeans/Europeans. These presentations
may relate to the ethnic variation in risk factors such
as diabetes and smoking in New Zealand12 and high-
light the need for early intervention in highly
prevalent but modifiable risk factors for cataract.

Cultural beliefs and access to surgery may also
contribute to the discrepancies. Maori and Pacific
Island Nations are less likely to have had any surgical
or specialist service than non-Maori.13,14 Because all
treatment in New Zealand public hospitals is free of
charge to citizens/residents, the high rate of delayed
attendance observed from Maori and Pacific Island
Nations in this study may reflect barriers for the
non-European population. These may include trans-
port, time off work, communication (need to attend)

Figure 2. Bubble plot of preoperative best-measured
visual acuity and postoperative unaided visual acuity
(n = 479). Data labels indicate number of cases.

Table 5. Best-measured visual acuity (LogMAR ± SD)
4–6 weeks after cataract surgery in eyes with an intraoperative
or postoperative complication compared with eyes without
complication

Mean BMVA P-value for
difference in

BMVA

Intraoperative complication 6/15 (0.37 ± 0.46) P = 0.062
No intraoperative
complication

6/9.6 (0.22 ± 0.30)

Postoperative complication 6/18 (0.49 ± 0.54) P = 0.005
No postoperative
complication

6/9.6 (0.21 ± 0.28)

BMVA, best-measured visual acuity; SD, standard deviation.
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and variations in the matching of the delivery of
perioperative care to the ideas and expectations of
non-European patients – which may be detrimental
to achieving best outcomes.15

Most patients had at least one medical comorbid-
ity. Notably, since ACS1, there has been an increase
in the prevalence of hypertension (46 to 59%) and di-
abetes (20 to 31%) in this population, which may be
associated with cataract, operative complications and
poorer visual outcomes.16,17

Some ocular comorbiditieswere alsomoreprevalent
than 15 years ago, with an increase in percentage of
age-related macular degeneration (5.1% in ACS1 to
8.0%), corneal disease (1.8 to 4.2%), macular surgery
(1.2 to 3.6%) and retinal vessel occlusion (0.6 to
1.6%).4 These differences in ocular comorbidities of pa-
tients presenting for cataract surgery possibly indicate
improvements and increased frequency of their specific
treatments, allowing cataract surgery to be justified.
Cataract surgery in itself has also improved to offer
these patients better outcomes. The greater proportion
of patientswith cardiovascular risk factors also contrib-
utes to the increase in retinal vessel occlusion.

The relatively poor presenting visual acuities dem-
onstrate the significant burden for the public service.
Although improved since ACS1 (6/48),4 the current
results are higher than the modern-day threshold of
6/9 in the developed world.18 In an Australian teach-
ing hospital, 73% of eyes had BMVA ≥6/12,6 and in a
mix of 75 public and private US practices, mean
BCVA was 6/24 for first eyes.19 Cataract surgery rates
have escalated substantially in response to the need
for higher visual function to support independence
and avoid the significant economic impact of visual
acuity <6/12.2,3 Indeed, there has been a dramatic
shift over the last 20 years towards operating at lower
levels of visual impairment.3 However, a recent UK
study reported a backward shift towards poorer pre-
operative visual acuity (6/24), possibly because of a
degree of rationing of surgery that also applies to
the New Zealand public service.7

Notably, the expected average preoperative visual
acuity for cataract surgery in the public system in
Auckland is approximately 6/15 each eye, although
the government-directed prioritization system also
takes into account ocular comorbidities, impact of
vision in everyday life, other disabilities and the abil-
ity to work/give care/live independently. (C. Slight,
personal communication, 2016) However, in the cur-
rent study, 73% of contralateral eyes achieved ≥6/12
preoperatively, partly balancing the poorer pre-
senting vision in the eyes to be operated, particu-
larly in those of Maori and Pacific Island Nations
ethnicity. This may largely explain the poor mean
preoperative visual acuity of the operated eye.

Surgical complication rates have improved since
ACS14 and remain comparable with recent

international studies in similar settings. The current
study observed a reduction in PCR (4.9–2.6%); how-
ever, there was a greater proportion of dense cataract
in ACS1.4 Dense cataract is often associated with
poorer visualization of ocular structures during sur-
gery, potential capsule compromise (odds ratio of
2.99 for a PCR and/or vitreous loss)8 and greater
phacoemulsification power.8,20 However, the current
study had a greater proportion of males, glaucoma
and diabetic retinopathy, all associated with an
increased risk of PCR.8 Similarly, studies on the UK
national dataset reported a drop in PCR and/or vitre-
ous loss rate over time from 4.4% (1997–1998) to
1.9% (2001–2006).8,17 More recent studies have
reported rates as low as 1.8–2.1%, because of the
experience of surgeons, improved techniques and
equipment.9,10

Studies have reported that PCR may be the only
potentially modifiable factor associated with poorer
visual acuity21 and that eyes with a PCR were 3.8
times more likely to result in BCVA ≤6/12.22

However, in the current study, no significant differ-
ence was identified in visual outcome between those
with PCR and those without complication.

The rate of anterior vitrectomy for PCR (70%) was
similar to that reported in ACS1 (75%) and in
Singapore (77%), although a lower rate was reported
in Australia (58%).4,6,9 In the current study, all cases
with vitreous loss had a PCR, but not all cases of
vitreous loss are a result of PCR, and not every PCR
requires an anterior vitrectomy. Vitreous loss may
be difficult to detect, and in the current study, most
surgeons used dilute intra-cameral triamcinolone
and/or acetylcholine where vitreous was suspected
in the anterior chamber.

The complication rates of different surgeon levels
should be interpreted with caution, as they were
not adjusted for case-mix. Although registrars had a
lower rate of postoperative complications than
fellows, they were typically assigned to lower-risk
cases. Furthermore, in the surgical operation note,
the complications may have been listed under the
primary (senior) surgeon, where the junior surgeon
only performed part of the case or the senior surgeon
took over following the complication (documentation
did not always discriminate who was operating at
each step of the procedure). Thus, a complication
attributable to a registrar may have been counted
under the supervising fellow or SMO.

Visual outcomes were comparable with national
and international reports.4,7,9 More patients (73.5%)
achieved UAVA of ≥6/12 than in ACS1 (67.7%).4

The mean UAVA (6/12) and BMVA (6/9) were equal
to a UK National Health Service study.7 The mean
spherical equivalent was also nearer emmetropia
than ACS1 (�0.39 vs. �0.46 D) although the current
study had a lower proportion of cases with
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postoperative refraction.4 Intentional myopic out-
comes were also excluded in ACS1 results.4

Although not directly comparable, the proportion
achieving BMVA ≥6/12 was the same (88%) as the
proportion achieving BCVA ≥6/12 in ACS14 but less
than in a Singaporean study9 (98.5% BCVA ≥6/12).

However, only 92 of 476 cases had subjective
visual acuity tested following formal refraction as
subjective refraction was generally only performed
for unexpected poor visual outcomes or significant
ametropia. Thus, the postoperative visual acuity
may be underestimated. This may also explain the
greater number of cases with an apparent ‘drop’ in
BMVA than in ACS1 (7% vs. 1.5%) despite a
decrease in complication rates.4 Furthermore,
subjects with UAVA <6/7.5 were refracted in
ACS1.4 Although the study design was limited to
shorter-term review, the authors anticipated further
improvement in visual outcomes at 3 months postop-
eratively, for example, following corneal suture
removal, resolution of CMO and appropriate vision
correction. Indeed, of the 16 cases of CMO with
longer follow up, 11 (69%) were resolved by
3 months and 13 (81%) by 4 months, with a mean
UAVA of 6/9.

Interestingly, there was a comparable rate of CMO
(3.5%) to other studies (3.8% in ACS14 and 3.2% in
an Adelaide-based study6) despite a higher preva-
lence of risk factors in the present study. A third of
the study population had diabetes, and 8.4% had
diabetic retinopathy in comparison with 3.3% in an
Australian study.6 However, none of the eyes with
diabetic retinopathy in the current study had devel-
oped CMO at the 4- to 6-week postoperative visit.
This better-than-anticipated outcome may reflect
better surgical technology but also better
management of high-risk cases, such as intraopera-
tive subconjunctival corticosteroid, perioperative
topical non-steroidal anti-inflammatory therapy and
earlier surgery to minimize the amount of
phacoemulsification power. A standard protocol of
additional perioperative medications for all patients
with diabetes (including those without retinopathy)
may help to further improve the rate of CMO in
patients at higher risk of complications.

Postoperative vision may also be significantly
affected by astigmatism. Toric IOLs, which were not
widely available at the time of ACS1,4 are now
funded in the public hospital service at GLCC with
the recommendation that surgeons consider a toric
IOL if the keratometric astigmatism is ≥2.0 D.
However, notably although 10.8% of cases met this
criteria, only 6.4% of all cases (48% of those with
≥2.0 D astigmatism) ultimately had a toric IOL. Those
who were eligible but did not receive a toric IOL
included eyes with irregular astigmatism, variable
astigmatic axis, other corneal or ocular pathology

and patient/surgeon preference. Nonetheless, other
factors not identified in this study may explain some
of the difference between those eligible (10.8%)
and those eyes that received a toric IOL (6.4%).

The current prospective study illustrates a signifi-
cant increase in medical and ocular comorbidities
and ongoing differences in healthcare access, with
Maori and Pacific Island Nations attending with more
advanced cataracts and visual impairment. Despite
these significant issues, there has been an improve-
ment in the complication rates for cataract surgery
performed in a New Zealand public teaching hospital
setting. This has likely contributed to the increase in
proportion of cases achieving UAVA ≥6/12 since
ACS14; however, there is a need for improved
measurement and documentation of BCVA for more
accurate comparisons and analyses. The results are
comparable with reports from other international
institutions and provide an additional benchmark in
an era of changing populations, expectations and
the associated demand for cataract surgery.
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The Auckland Cataract Study: Assessing
Preoperative Risk Stratification Systems for
Phacoemulsification Surgery in a Teaching

Hospital
BIA Z. KIM, DIPIKA V. PATEL, TREVOR SHERWIN, AND CHARLES N.J. MCGHEE
� PURPOSE: To evaluate 2 preoperative risk stratification
systems for assessing the risk of complications in phaco-
emulsification cataract surgery, performedby residents, fel-
lows, and attending physicians in a public teachinghospital.
� DESIGN: Cohort study.
� METHODS: One observer assessed the clinical data of
500 consecutive cases, prior to phacoemulsification cata-
ract surgery performed between April and June 2015 at
Greenlane Clinical Centre, Auckland, New Zealand.
Preoperatively 2 risk scores were calculated for each
case using the Muhtaseb and Buckinghamshire risk strat-
ification systems. Complications, intraoperative and post-
operative, and visual outcomes were analyzed in relation
to these risk scores.
� RESULTS: Intraoperative complication rates increased
with higher risk scores using the Muhtaseb or Bucking-
hamshire stratification system (P [ .001 and
P [ .003, respectively, n [ 500). The odds ratios for
residents and fellows were not significantly different
from attending physicians after case-mix adjustment ac-
cording to risk scores (P> .05). Postoperative complica-
tion rates increased with higher Buckinghamshire risk
scores but not with Muhtaseb scores (P [ .014 and
P [ .094, respectively, n [ 476). Postoperative
corrected-distance visual acuity was poorer with higher
risk scores (P < .001 for both, n [ 476).
� CONCLUSION: This study confirms that the risk of
intraoperative complications increases with higher preop-
erative risk scores. Furthermore, higher risk scores corre-
late with poorer postoperative visual acuity and the
Buckinghamshire risk score also correlates with postop-
erative complications. Therefore, preoperative assess-
ment using such risk stratification systems could assist
individual informed consent, preoperative surgical
upplemental Material available at AJO.com.
r publication Sep 4, 2016.
Department of Ophthalmology, New Zealand National Eye
lty of Medical and Health Science, University of Auckland
.P., T.S., C.N.J.M.); and Department of Ophthalmology,
Clinical Centre, Greenlane Hospital, Auckland District
d (B.Z.K., D.V.P., C.N.J.M.), Auckland, New Zealand.
o Charles N.J. McGhee, Department of Ophthalmology, New
ional Eye Centre, Faculty of Medical and Health Sciences,
f Auckland, Private Bag 92019, Auckland, New Zealand;
ghee@auckland.ac.nz

36.00
org/10.1016/j.ajo.2016.09.003

© 2016 ELSEVIER INC. A
planning, safe allocation of cases to trainees, and more
meaningful analyses of outcomes for individual surgeons
and institutions. (Am J Ophthalmol 2016;171:
145–150. � 2016 Elsevier Inc. All rights reserved.)

T
HERE IS GROWING INTERNATIONAL INTEREST IN

objective preoperative risk stratification systems
aimed at minimizing surgical complications and

improving outcomes across all surgical specialties.1–3

With an exponential growth in demand for, and delivery
of, cataract surgery worldwide there are associated
increased expectations regarding outcomes. Therefore,
identifying and stratifying patient risk factors is
increasingly important.
Muhtaseb and associates4 devised a preoperative risk

stratification system for phacoemulsification cataract sur-
gery after reviewing the literature to identify the most
consistently reported patient risk factors associated with
intraoperative complications. They observed that the risk
score, which was calculated by adding the scores for each
risk factor present, was predictive of intraoperative compli-
cations. This system was subsequently validated in inde-
pendent studies.5–7 The Buckinghamshire Healthcare
NHS Trust uses a similar risk stratification system based
on work by Butler8 and Narendran and associates9 applying
the concept of cumulative risk from individual risk factors.
The Buckinghamshire and Butler system has been used
with trainees and consultants8 (Benjamin L, written
communication, December 15, 2014).
The purpose of this study was to (1) confirm the validity of

the Muhtaseb system in a teaching hospital setting in New
Zealand, and (2) concurrently evaluate theBuckinghamshire
system in the same setting. If validated, we anticipate that
clinical application of such preoperative risk stratification
systems may enable a reduction in intraoperative complica-
tions associated with phacoemulsification cataract surgery.
METHODS

A COHORT STUDY WAS CONDUCTED OF 500 CONSECUTIVE

cases of phacoemulsification cataract surgery performed
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TABLE 1. Preoperative Risk Factors as per the Muhtaseb
and Buckinghamshire Risk Stratification Systems for

Cataract Surgery

Risk Factor M-Scorea B-Scoreb

Age (y) >88 years 1 80–90 years 1

90þ years 2

Ametropia (>6 diopters

of myopia or

hyperopia)

1 -

Axial length - <21.5 mm 2

>26 mm 1

>30 mm 2

Brunescent/white/

dense/total cataract/

no fundus view

3 3

Corneal scarring 1 -

Diabetic retinopathy - 1

Fuchs endothelial

dystrophy

- 1

Only eye - 1

Oral alpha-receptor

antagonist

- Doxazosin 1

Tamsulosin

or similar

2

Phacodonesis 3 3

Pseudoexfoliation 3

Posterior capsule plaque 1 -

Posterior polar cataract 1 -

Previous vitrectomy 1 1

Shallow anterior

chamber (<2.5 mm)

1 1

Small pupil <3 mm 1 2

Miscellaneous risks

assessed by the

surgeon (eg, poor

position/cooperation)

1 2

Maximum score 18 22

aM score: risk score for intraoperative complications in cata-

ract surgery using the Muhtaseb risk stratification system.4

bB score: risk score for intraoperative complications in cata-

ract surgery using the Buckinghamshire risk stratification

system.
between April 9, 2015 and June 12, 2015. All surgeries were
performed at Greenlane Clinical Centre (GLCC), Auck-
land District Health Board (ADHB), Auckland, New
Zealand—the largest ophthalmic center in New Zealand
that serves over 23% of the population. The study protocol
was approved by the ADHB research committee and the
study adhered to the tenets of the Declaration of Helsinki.

Preoperatively, 1 investigator (B.K.) reviewed the clin-
ical notes for each case to calculate 2 separate risk
scores—an ‘‘M-score’’ using a risk stratification system
devised by Muhtaseb and associates and a ‘‘B-score’’ using
a system from the Buckinghamshire Healthcare NHS
Trust.4 Each system allocates points to each risk factor
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according to its potential risk for an intraoperative compli-
cation. The investigator added up the points for all risk fac-
tors that were documented in the preoperative consultation
notes to give a final M- and B-score for each case (Table 1).
All surgeons were masked to the risk scores and periop-

erative management was provided as per routine protocol
at GLCC. All study data were entered into a password-
protected computerized database. Ethnicity was recorded
as self-identified by the patients. In New Zealand, ‘‘Asians’’
are commonly defined as peoples from East, South, and
Southeast Asia.10

Following surgery and the routine 4- to 6-week postoper-
ative follow-up, the investigator (B.K.) reviewed all clin-
ical/surgical notes to collect data on surgeon level
(resident/registrar, fellow, attending physician/senior med-
ical officer), any intraoperative complications (capsular
tear, zonular dialysis, iris prolapse, iris trauma, vitreous
loss, dropped nucleus, choroidal hemorrhage, wound
complication, other), postoperative complications (cystoid
macular edema, corneal edema, uveitis, endophthalmitis,
retinal detachment, elevated intraocular pressure over 21,
other) and corrected-distance visual acuity (CDVA).
Statistical advice was sought from professional biostatis-

ticians. Statistical analyses were performed using SPSS
version 22 (Statistical Package for the Social Sciences
GmbH Software, Munich, Germany). Logistic regression
analyses were conducted to identify trends in complication
rates with regard to risk scores and surgeon groups. The
validated Muhtaseb system was used to calculate case-
mix adjusted odds ratios between surgeon groups. Z-tests
were performed for comparison of proportions. P values
<.05 were considered statistically significant.
RESULTS

PHACOEMULSIFICATION CATARACT SURGERY WAS

performed on 498 of the 500 consecutive cases (496
patients). The mean age was 72.3 6 11.9 years (range
15–96 years) and 57% were female. New Zealand Euro-
pean/European ethnicity made up 55.6% of the study
population. Two cases could not proceed to phacoemulsifi-
cation owing to complications and had to return for com-
bined surgery—1 case with an M-score of 7 and B-score
of 7 was abandoned owing to severe iris prolapse prior to
phacoemulsification and returned for a phacovitrectomy;
a second case with high myopia and keratoconus that had
an M-score of 7 and B-score of 8 was abandoned after
corneal incisions because of severe zonular weakness and
returned for intracapsular cataract extraction (ICCE) and
penetrating keratoplasty. Both cases were planned for and
performed by attending physicians.
The median M-score was 0 and over 90% of cases scored

M < 4 (n ¼ 463, 92.6%). The median B-score was 1 and
469 cases (93.8%) scored B < 5. The complication rates
NOVEMBER 2016OPHTHALMOLOGY



FIGURE 1. Intraoperative complication rates (with 95% confi-
dence interval) for each risk score based on the Muhtaseb and
Buckinghamshire preoperative risk stratification systems for
cataract surgery (N [ 500).4 M-score: risk score using the
Muhtaseb risk stratification system.4 B-score: risk score using
the Buckinghamshire risk stratification system. Results were
not graphed if there were fewer than 2 cases with the same
risk score to avoid obscuring possible trends.

FIGURE 2. Proportion of phacoemulsification cases performed
by residents, fellows, and attending physicians, per risk score,
using the Muhtaseb risk stratification system (N [ 500).4

Data labels indicate number of cases performed.

TABLE 2. Unadjusted and Adjusted Odds Ratios per

Surgeon Grade for an Intraoperative Complication in

Phacoemulsification Cataract Surgery
(95% Confidence Interval)

Surgeon Grade Unadjusted OR P Value Adjusted ORa P Value

Attending 1.00 .55 1.00 .40

Fellow 0.75 (0.31–1.79) .52 0.72 (0.30–1.73) .46

Resident 1.32 (0.61–2.85) .49 1.45 (0.66–3.18) .36

OR ¼ odds ratio.
aAdjusted for case complexity using a preoperative risk score

based on Muhtaseb risk stratification system.4
increased with an increasing M-score (P¼ .001) or B-score
(P ¼ .003) (Figure 1). The baseline intraoperative compli-
cation rate for a case with no significant risk factors (M-
score of 0) was 7.2% (95% confidence interval [CI]
4.2%–10.3%). The complication rate increased signifi-
cantly compared to baseline with an M-score >3
(P ¼ .021). With the Buckinghamshire system, the base-
line intraoperative complication rate for a case with no
significant risk factors (B-score of 0) was 9.2% (95% CI
4.9–13.6). The complication rate increased significantly
compared with baseline with a B-score >6 (P ¼ .001).

Surgery was performed by 1 of 36 surgeons—8 residents,
6 fellows, 22 attending physicians—with or without assis-
tance from a second surgeon. Residents performed 93 cases
(18.6%), fellows 109 (21.8%), and attending physicians
298 (59.6%), with various mixtures of risk scores (Figure 2).

There were 42 cases (8.4%) that had an intraoperative
complication. In comparison to attending physicians, resi-
dents or fellows did not have a significantly higher or lower
odds ratio before and after case-mix adjustment using the
preoperative M-scores (Table 2).

The 2 complicated cases that were abandoned and later
returned for further surgery, and another 19 patients that
did not attend the postoperative follow-up, were excluded
from postoperative analyses. There was no significant dif-
ference in the proportion of excluded cases (n ¼ 21)
between residents (3/93), fellows (8/109), and attending
physicians (10/298) (P ¼ .181).

There were 36 cases (7.6%) that had a postoperative
complication. The postoperative complication rates
increased with increasing B-scores (P ¼ .014) but not with
the M-scores (P ¼ .094). In comparison to attending physi-
cians, residents or fellows did not have a significantly different
odds ratio for a postoperative complication (Table 3).
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Three further cases were excluded from postoperative
vision analyses, as they were aphakic following intraopera-
tive complications. The mean postoperative CDVA
was 20/30. Postoperative CDVA was poorer with higher
M- or B-scores (P < .001 for each, n ¼ 476).
DISCUSSION

WE BELIEVE THIS LARGE PROSPECTIVE OBSERVATIONAL

study validates both the Muhtaseb and Buckinghamshire
preoperative risk stratification systems for phacoemulsifica-
tion cataract surgery in a public teaching hospital setting.4

Overall, these systems appear to provide easy, objective
methods of predicting the risk of an intraoperative compli-
cation using standard patient information gathered at a
preoperative consultation.
The current study observed that the intraoperative

complication rates increased with increasing risk scores.
A composite risk of a complication in an individual patient
can be calculated from combining individual odds ratios for
each risk factor present but requires additional calculations
147EMULSIFICATION SURGERY



TABLE 3. Unadjusted and Adjusted Odds Ratios per
Surgeon Grade of a Postoperative Complication for

Phacoemulsification Cataract Surgery

(95% Confidence Interval)

Surgeon Grade Unadjusted OR P Value Adjusted ORa P Value

Attending 1.00 .06 1.00 .08

Fellow 0.62 (0.30–1.31) .21 0.64 (0.31–1.36) .25

Resident 3.68 (0.85–15.97) .08 3.61 (0.83–15.67) .09

OR ¼ odds ratio.
aAdjusted for case complexity using a preoperative risk score

based on Muhtaseb risk stratification system.4
based on risk analyses from a large data set, which should in
theory include rare complications.8,9 Alternatively, the
Muhtaseb and Buckinghamshire systems allow quick and
easy assessments to provide preoperative knowledge of
patient-specific risks. This can then be explained to the in-
dividual at the time of preoperative consultation and in
specific relation to the local population.

Preoperative risk stratification may be particularly useful
in a teaching hospital setting because it assists appropriate
allocation of cases. Lower surgeon grade is associated with
higher rates of complications.9,11 By preventing trainees
from operating on inappropriate high-risk cases, it may
reduce potentially avoidable complications. In the current
study, 2 highly complex cases involving patients who
returned for a phacovitrectomy and ICCE had especially
high scores (>6). Even without prior knowledge of their
risk scores, these cases had been allocated to attending phy-
sicians based on qualitative assessments at the preoperative
consultation. This may indicate that qualitative assess-
ments were reasonably accurate in allocating higher-risk
cases to senior surgeons.

However, 7 cases with an M-score >3 (ie, associated
with a higher risk than baseline) were operated on by resi-
dents and 8 cases by fellows. Of these 15 cases, 3 (20%) had
an intraoperative complication. Preoperative risk stratifica-
tion may divert an extra 90 high-risk cases (M>3) per year
to most-experienced attendings at GLCC and further in-
vestigations are necessary to assess any potential improve-
ment in complication rates from such standardized
allocation methods in teaching hospitals.

Contrary to previous reports, despite trends (Table 2),
the difference in odds ratios for a complication were not
statistically significant between surgeon grades in the cur-
rent study and should be interpreted with some caution.9,11

As an example, a resident may have encountered a
complication resulting in the attending physician’s
performing the majority of the operation as the ‘‘primary
surgeon.’’ But owing to difficulties in discriminating the
precise surgeon at each step of the procedure in the
operation notes, complications were ascribed to the
‘‘primary surgeon.’’ This may reflect complex case
148 AMERICAN JOURNAL OF
management in diverse public hospital settings; but
ideally, to obtain best comparative data, only cases fully
completed by a single surgeon might be included.
The case-mix adjusted odds ratios in this study were also

comparable between surgeons, that is, even for cases
scoring M ¼ 0, where complications are more likely attrib-
utable to the surgeon experience than the case, the compli-
cation rates did not differ between surgeon grades. This
suggests a potential limitation in the current study, that
the number of cases, especially with a high risk score and/
or complication, may be too small to deduce statistical sig-
nificance of a true difference between surgeon grades.
Looking beyond limitations of the current study, appro-

priate allocation of cases to surgeons in training and spe-
cialists requires a set ‘‘transition’’ risk score, below which
trainee surgeons are allowed to operate. Previous studies
have empirically chosen transition scores for different
levels of surgeons.4–6 Tsinopoulos and associates6 used
the Muhtaseb system to allocate cases with a risk score of
0 to resident surgeons, 1–5 to low-volume specialists
(performing <400 cataract surgeries per year), and >_6 to
high-volume specialists.4 Complication rates were lower
when cases were stratified and allocated to surgeons with
varying levels of experience using the Muhtaseb system.6

The current study observed a significant increase in com-
plications with an M-score >3 or a B-score >6. Thus an
appropriate transition score based on these data may be to
allow trainee surgeons to operate on cases with an M-score
<_3 or a B-score <_6. The stratification systems can also sup-
port stepwise progression to higher risk scores following
each year of training. However, the rate of complications
was reported to be similar between first-, second-, and
third-year residents in Veterans Affairs medical centers.12

Thus, it may be most practical to set 1 transition score for
an entire group of residents. Because the surgical experience
of trainees in different institutions varies, each center may
need to set its own appropriate transition score.
Another benefit of a standardized stratification system is

the case-mix information it provides for surgeons. The risk
scores may be used to indicate the range of case complex-
ities, and odds ratios may be adjusted for a different case
mix, enabling individual surgeons to enhance the value
of self-audits. For example, the complication rates in the
current study may be higher than internationally reported
owing to a greater proportion of cases with poor presenting
visual acuities and advanced cataracts, among other risk
factors.13,14 A standardized stratification system may
allow better comparisons by adjusting for these risk factors.
Following adjustments for case complexity, the intrao-

perative complication rates were 7.2% with M ¼ 0 and
8.2% with B ¼ 0. This highlights the fact that these cases
with no significant risk factors according to the Muhtaseb
and Buckinghamshire systems are not ‘‘risk-free.’’ The
apparently high complication rates may be secondary to
including multiple, relatively minor adverse events (not
typically included in other studies) as ‘‘intraoperative
NOVEMBER 2016OPHTHALMOLOGY



complications’’ and having an independent observer that
might increase detection rates of complications.

Although the systems were developed to predict intrao-
perative complications, the current study also observed a
correlation between B-scores and postoperative complica-
tions, as well as between M- or B-scores and postoperative
CDVA. In the same population, the postoperative CDVA
of eyes with an intraoperative complication was not signif-
icantly different from eyes without an intraoperative
complication (Kim et al, unpublished data). In the current
study, those with a high risk score had poorer postoperative
CDVA. This may be owing to pre-existing comorbidities,
serious or multiple intraoperative complications, or postop-
erative complications.

The 2 systems evaluated in the current study do not
include all reported or unusual risk factors for cataract com-
plications; for example, no points were allocated for fellow-
eye complications, which is included in Habib’s potential
difficulty score,15–18 though the characteristics of the first
eye that led to complications may be bilateral and thus
accounted for in the scoring systems. Similarly, there are
no points allocated for traumatic cataract, although it is
considered as a risk factor regardless of its consequences,
like zonular weakness, which is scored.7 In validating
Muhtaseb’s system, Agrawal and associates used an altered
protocol that did not include posterior polar cataract and
VOL. 171 RISK STRATIFICATION IN PHACO
defined a shallow anterior chamber as <2.4 mm and old
age as >75, yet still reported an increase in complications
with higher M-scores.7 Theoretically, the Muhtaseb and
Buckinghamshire systems could be amalgamated to
possibly provide a more comprehensive risk score. Howev-
er, despite refinement of stratification systems there will al-
ways be a role for clinical decision making based on the
surgeon’s overall assessment of the patient.
In conclusion, this study observed that the 2 individual

preoperative risk scores correlated with intraoperative
complications during phacoemulsification surgery in a
teaching hospital setting. These scores may provide quick
and easy assessments of the patient’s risk at the preopera-
tive consultation. The current study also observed a signif-
icant correlation between both risk scores and visual
outcomes, and between Buckinghamshire risk scores and
postoperative complications. Such standardized risk strati-
fication systems may be highly valuable to both patients
and surgeons in operative planning, informed consent,
safer training of surgeons, and meaningful evaluation of
cataract surgery outcomes when used in a standardized
manner at an institutional, national, and international
level. Furthermore, they may allow more appropriate allo-
cation of cases to different levels of surgeons than qualita-
tive assessments, thereby possibly reducing complication
rates for phacoemulsification cataract surgery.
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New Zealand trends in corneal transplantation over
the 25 years 1991–2015
Bia Z Kim,1 Jay J Meyer,1 Nigel H Brookes,2 S Louise Moffatt,2 Helen C Twohill,2

David G Pendergrast,1,2 Trevor Sherwin,1,2 Charles N J McGhee1,2

ABSTRACT
Aims To report the 25-year longitudinal trends in
indications and corneal transplantation techniques in
New Zealand.
Methods Statistical analysis of prospectively acquired
New Zealand National Eye Bank (NZNEB) electronic
database from 1991 to 2015 inclusive. Subjects were
recipients of corneal transplants in 62 centres supplied
by the NZNEB. Main outcome measures were
indications, recipient age and transplantation techniques.
Results From January 1991 to December 2015, NZNEB
supplied tissue for 5574 corneal transplants, increasing
annually from 89 (1991) to 290 (2015). Penetrating
keratoplasty remained the most commonly performed
technique throughout the 25-year period, although it
decreased from 98.9% of all transplants in 1991 to
60.3% in 2015. There was a corresponding increase in
deep anterior lamellar and endothelial keratoplasty over
the most recent decade from 2.5% to 7.2% and 4.9%
to 31.4%, respectively. Keratoconus remained the
leading indication for keratoplasty through to 2015
(34.5%). Regrafts (23.1%) and Fuchs endothelial
corneal dystrophy (17.0%) have become more common
indications, while bullous keratopathy has become less
common (10.8%). There was a bimodal distribution in
age with peaks at 20–29 and 60–79 years. There was a
reduction in recipients under age 40 and corresponding
increase in the percentage of recipients aged 40–69.
Conclusion Changing indications and increasing
uptake of lamellar keratoplasty have been significant
international trends over the last 25 years. However,
New Zealand’s corneal disease and population
characteristics create unique longitudinal trends, with
keratoconus remaining the leading indication and
penetrating keratoplasty the leading technique from
1991 to 2015.

INTRODUCTION
Since the first successful human penetrating kerato-
plasty (PK) in 1906,1 corneal transplantation has
undergone considerable changes in technique and
indication. Globally, surgical techniques have
evolved greatly in the last 10 years with most surgi-
cal centres reporting a significant increase in endo-
thelial keratoplasties (EK) in particular.2–8

However, reported rates of the uptake of different
techniques vary considerably between countries,
possibly due to differing indications for corneal
transplantation as well as variable adoption of
newer techniques.2 3 6

The pattern of corneal transplantation in New
Zealand is relatively unique due to the particularly
high prevalence of keratoconus as previously
reported for the period 1991–1999.9 More

recently, Cunningham et al3 reported the indica-
tions and distribution of corneal tissue by analysing
the New Zealand National Eye Bank (NZNEB)
data for 2000–2009, confirming keratoconus as the
most common indication and PK as the most
common procedure. Since then, there has been sig-
nificant uptake of deep anterior lamellar kerato-
plasty (DALK) and Descemet’s stripping automated
endothelial keratoplasty (DSAEK), which were
widely introduced to New Zealand in 2006 and
2007, respectively (although deeper forms of anter-
ior lamellar keratoplasty (ALK) were occasionally
performed from 2003 onwards).
The purpose of the current study was to identify

longitudinal trends in types of corneal transplant-
ation and the indications for keratoplasty by explor-
ing and analysing the comprehensive NZNEB
database prospectively assembled over the last
25 years (1991–2015 inclusive), thereby providing
an overview and an update on previous reports and
establishing a current New Zealand perspective.

MATERIALS AND METHODS
Review of the prospectively compiled NZNEB elec-
tronic database, containing all records of corneal
transplantation from January 1991 and December
2015 inclusive.
During these 25 years, the NZNEB supplied

corneal tissue to 62 ophthalmology centres nation-
wide (20 currently active) and has been the primary
supplier of donated corneal tissue in New Zealand
since 1991. The database records information about
the donor and tissue collected from medical and
coroners records at time of death, while patient and
surgical data are collected from mandatory ques-
tionnaires completed by the surgeons on the day of
corneal transplantation surgery. Recipient ages, indi-
cations and techniques of transplantation were spe-
cifically analysed in this study.

RESULTS
From January 1991 to December 2015, 5574
corneal transplants were performed in 62 public
and private centres. During this period, there was
an average of 223 corneal transplants per year,
ranging from 89 (2.5 per 100 000 population) in
1991 to 319 (7 per 100 000) in 2013 (figure 1).
On a simplified linear trend, this amounts to six
additional transplants per year over the 25-year
period.
Between 1991 and 2015, 4588 (82.3%) PK, 231

(4.1%) DALK, 101 (1.8%) ALK and 582 (10.4%)
EK were performed. The remaining 72 transplants
(1.3%) were epikeratoplasties, patch/tectonic grafts
or other/non-specified techniques. The annual

834 Kim BZ, et al. Br J Ophthalmol 2017;101:834–838. doi:10.1136/bjophthalmol-2016-309021

Clinical science

To cite: Kim BZ, 
Meyer JJ, Brookes NH, 
et al. Br J Ophthalmol 
2017;101:834–838.

1Department of Ophthalmology, 
New Zealand National Eye 
Centre, Faculty of Medical and 
Health Sciences, University 
of Auckland, Auckland, New 
Zealand
2New Zealand National 
Eye Bank, Department of 
Ophthalmology, University 
of Auckland, Auckland, New 
Zealand

Correspondence to
Professor Charles N J McGhee, 
Faculty of Medical and Health 
Sciences, Department of 
Ophthalmology, Private Bag 
92019, University of Auckland, 
Auckland, New Zealand, 1142; 
c.mcghee@auckland.ac.nz

Received 10 May 2016
Revised 22 July 2016
Accepted 27 August 2016
Published Online First 
15 September 2016

group.bmj.com on November 19, 2017 - Published by http://bjo.bmj.com/Downloaded from 

http://crossmark.crossref.org/dialog/?doi=10.1136/bjophthalmol-2016-309021&domain=pdf&date_stamp=2017-03-31
http://bjo.bmj.com/
http://bjo.bmj.com/
http://group.bmj.com


number of ALK reached a peak of 15 in 2006 but has since
been constant at 0–2 cases per year with the introduction of
DALK in 2006. The annual number of DALK increased to 33
within 4 years and averaged around 27 per year from 2009
onwards, with a steady ratio around 1 DALK:6 PK. Similarly,
there was a rapid uptake of DSAEK since introduction in 2007.
The latter accounted for 89 (30.7%) of total annual corneal
transplants by 2015. Since the introduction of these newer tech-
niques, there has been a corresponding decrease in the number
of PKs from 223 in 2006 (91.4% of total keratoplasties) to 175
in 2015 (60.3% of total keratoplasties).

The age distribution of recipients is displayed in figure 2.
Overall, there appears to be a bimodal distribution with one
peak at age 20–29 and one peak at 70–79 based on data from
1991 to 2010 (second peak at 60–69 in 2011–2015). Notably,
there has been a decrease in the percentage of transplants for
recipients aged <40 and an increase for those aged >40, espe-
cially in the last five years. The ages of recipients with Fuchs
endothelial corneal dystrophy (FECD) were analysed separately
and did not show a significant change over the 25 years.

The indications for corneal transplantation are summarised in
table 1. Keratoconus was the leading indication for keratoplasty
during the entire period from 1991 to 2015. In 1991–1995, the
second most common indication was bullous keratopathy, which
became the fourth most common indication by 2011–2015
(9.7% aphakic/pseudophakic and 1.2% unspecified). Regrafts
became the second most common indication from the period
2001–2005 onwards. Interestingly, FECD, which was the least

common indication in 1991–1995, steadily increased to become
the third most common indication by 2011–2015. The propor-
tions of keratoplasties for keratitis, trauma and other corneal
dystrophies have fallen significantly over the 25-year period.

The trends of the top five indications for corneal transplant
over time are shown in figure 3.

The initial techniques of corneal transplantation in regrafts
are shown in figure 4.

DISCUSSION
This study examined changes in the indications and techniques
for keratoplasty in New Zealand—a small, geographically iso-
lated country with a single national eye bank and a government-
funded public health service, pre-dating, but similar to the
British National Health Service. During the period studied, the
New Zealand population increased from 3.4 million (1991) to
>4.6 million people (2015),10 and the number of recorded ker-
atoplasties annually increased from 89 to 290 (2.5 to 6.3 per
100 000 population) in this period. However, in the initial few
years, more tissue may have been acquired locally without
involving the NZNEB and the current data represent only the
tissue supplied by the NZNEB. Similarly, in Canada, there was a
recent steady increase in annual number of keratoplasties to
12.6 transplants per 100 000 by 2011.4

Apart from the growing population, possible explanations for
the increasing trend may be the growing number of indications
or cases amenable to treatment with corneal transplantation,
and improved tissue processing, storage and use.11 Also, with
the adoption of newer transplantation techniques, such as EK,
and an increased number of subspecialty trained corneal sur-
geons, the clinical threshold for performing keratoplasty may
have changed during the study period.

Indications for keratoplasty have changed substantially and
correlate temporally with advancements in cataract surgery. In
1991, keratoconus, bullous keratopathy and keratitis were the
top three leading indications for keratoplasty in New Zealand.
However, the routine use of viscoelastic devices and phacoemul-
sification in cataract surgery and the use of improved intraocular
lens designs have likely contributed to the decrease in bullous
keratopathy in more recent years.7 Following analysis of data
from the Eye Bank Association of America, Park et al2 also
reported a reduction of pseudophakic bullous keratopathy
(PBK) as an indication from 20% in 2005 to only 9% in 2014.
In Singapore, the most common indication was PBK/ABK,
which is noteworthy as the New Zealand population has
become more ethnically diverse, especially with a significant
increase in the Asian population (5.2% to 12.2% from 1996 to
2013).10 12 However, the Singaporean study is based on 1991–
2003 results and lately there may have been a similar reduction
of bullous keratopathy in Asians too due to the improvements in
cataract surgery. Bullous keratopathy is not only less common,
but is also an indication that is now more frequently managed
with EK than PK, thereby contributing to the shift in transplant-
ation techniques.2

From 2003, the number of regrafts had increased to become
the second most common indication. The growing proportion
of regrafts is unsurprising in an ageing population given that
graft survival is limited. This may be more noticeable in New
Zealand where many of the transplantations are performed for
young keratoconic patients. However, the data do not reveal
how many of the regrafts were performed on initial or repeat
grafts, which may be of interest in future research. Also, an
increase in the number of subspecialty trained corneal surgeons

Figure 2 Age distribution of corneal transplant recipients over the
study period 1991–2015 subdivided into five consecutive periods.

Figure 1 Number of penetrating keratoplasty (PK), deep anterior
lamellar keratoplasty/anterior lamellar keratoplasty (DALK/ALK) and
endothelial keratoplasty (EK), New Zealand National Eye Bank 1991–
2015.
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in New Zealand may have lowered the clinical threshold for
performing regrafts and increased patient access to surgery.

The initial keratoplasty technique was identifiable in 800/921
regrafts, and the overall trend of regrafts in respect to initial ker-
atoplasty techniques followed the trend in the overall number of
transplants per technique. Having been introduced during the
25-year period studied, failed EK grafts have been a new indica-
tion for regrafts, adding to the overall numbers, especially in the
introductory phase of the surgical learning curve. Furthermore,
the option of EK may also have permitted more patients to
undergo repeat transplantation as it is generally less invasive and
involves a shorter period of visual recovery.

FECD was the third most common indication in 2011–2015,
which may be explained by multiple factors involved in its man-
agement. The increased use of technology such as specular and
in vivo confocal microscopy, pachymetry and tomography may
have enabled the detection of failing corneas at an earlier stage
and more accurate diagnoses.13 Furthermore, patients may be
undergoing transplantation at lower levels of visual disability
due to the availability of DSAEK and its advantage of rapid

recovery. Our data suggest that the mean age of recipients has
not changed over the years, but the expanding aged population
in New Zealand may cause a greater increase in age-related indi-
cations like FECD. Cases of non-Fuchs corneal dystrophy were
mostly classified as ‘other corneal dystrophy’ rather than
‘unspecified corneal dystrophy’, thus the possibility that some
cases of FECD were initially misclassified is minimal.

According to the Eye Bank Association of America data,
FECD was the most common indication for any keratoplasty.
However, the number of PKs for this indication has dropped
significantly (14% to 3%) with the advent of DS(A)EK and
Descemet’s membrane endothelial keratoplasty (DMEK), which
are now the preferred types of transplantation for FECD.2 6

FECD has also been the leading indication for keratoplasty in
Canada since 2007.4 It is interesting to note that the percentage
of keratoplasties for FECD has increased while it has decreased
for bullous keratopathy, as in British Columbia.4 In the USA,

Figure 3 Five most common indications for corneal transplantation
reported to the New Zealand National Eye Bank 1991–2015 (n=5043
transplants).

Table 1 Indications for corneal transplantation reported to the New Zealand National Eye Bank, 1991–2015

Number of corneal transplants (%)

Indication for corneal transplant 1991–1995 1996–2000 2001–2005 2006–2010 2011–2015

Keratoconus 376 (44.8) 467 (45.9) 460 (43.0) 474 (40.3) 507 (34.5)
Regraft 41 (4.9) 118 (11.6) 199 (18.6) 223 (18.9) 340 (23.1)
Fuchs endothelial corneal dystrophy 27 (3.2) 57 (5.6) 82 (7.7) 133 (11.3) 249 (17.0)
Bullous keratopathy (aphakic/pseudophakic) 156 (18.6) 184 (18.1) 172* (16.1) 147* (12.5) 159* (10.8)
Keratitis (total) 117 (13.9) 131 (12.9) 93 (8.7) 67 (5.7) 64 (4.4)

Infective 99 (11.8) 115 (11.3) 75 (7.0) 54 (4.6) 55 (3.7)
Non-infective or unspecified 18 (2.1) 16 (1.6) 18 (1.7) 13 (1.1) 9 (0.6)

Trauma (total) 67 (8.0) 43 (4.2) 31 (2.9) 45 (3.8) 44 (3.0)
Chemical (thermal) 11 (1.3) 4 (0.4) 3 (1)

(0.3)
6 (1)
(0.5)

5 (0.3)

Penetrating 55 (6.6) 37 (3.6) 26 (2.4) 31 (2.6) 35 (2.4)
Other corneal dystrophy 49 (5.8) 40 (3.9) 29 (2.7) 21 (1.8) 9 (0.6)
Unspecified or other 93 (11.1) 61 (6.0) 140 (13.1) 115 (9.8) 211 (14.4)
Total 839 1018 1071 1177 1469
Population estimate (million people) 3.58 3.80 4.02 4.27 4.48

Ranked according to frequency in the 2011–2015 period.
In total, 448 corneal transplants listed more than one indication.
*During these periods, there were 13, 22 and 17 cases of unspecified bullous keratopathy and a drop in aphakic bullous keratopathy from 26 (2.4%) in 2001–2005 to 12 (0.8%) in
2011–2015.

Figure 4 Initial technique of corneal transplantation in 921 regrafts
reported to the New Zealand National Eye Bank, 1991–2015. Total
includes 119 cases of regrafts between 2007 and 2015 where the
initial technique of transplantation was unknown and two cases of
repeat patch grafts. ALK, anterior lamellar keratoplasty; DALK, deep
anterior lamellar keratoplasty; EK, endothelial keratoplasty; PK,
penetrating keratoplasty.
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combined domestic and international numbers of keratoplasty
indicate an increase of 58% for FECD from 2008 to 2014 and
only 14% for bullous keratopathy. Of course, corneal decom-
pensation may be more readily attributed to FECD, rather than
PBK, following cataract surgery. Although our data do not
include lens status at the time of keratoplasty, this information
would be of great value in analysing the current trends.

In New Zealand, keratoconus remains the leading indication
for corneal transplantation unlike most other developed coun-
tries.2 4 6 Keratoconus appears to be unusually common in New
Zealand, with a high prevalence in individuals of Maori or
Pacific Island descent14 and patients appear to present with
more severe disease (eg, acute corneal hydrops) at a younger
age.15 Ethnicity data are not routinely acquired by NZNEB;
however, census data demonstrate that between 1996 and 2013
the proportions of Maori and Pacific peoples have continually
increased (15.4% to 15.6% and 6.1% to 7.8%, respectively).10

This suggests that the need for PK and DALK will probably
remain significant in New Zealand.

Corneal cross-linking was widely introduced in New Zealand in
2007 and eventually, by halting disease progression, this is
expected to reduce the number of keratoplasties performed for
keratoconus. However, as reported in the DUSKS study in the UK,
there may be a period of approximately a decade between diagno-
sis of keratoconus and progression to corneal transplantation.16

Thus, we would expect a lag phase between the introduction of
corneal cross-linking and observation of its effect on keratoplasty
rates. We believe this interval may be approximately 7–10 years in
New Zealand, although we may be starting to observe a decline in
keratoplasties for keratoconus, for example, comparing data for
2006–2010 and 2011–2015, there was a 25% increase in kerato-
plasties per se but only a 7% increase in first-time keratoplasties
for keratoconus.17 Ultimately, we anticipate that the development
of less invasive methods of keratoconus treatment like cross-
linking and contact lenses will allow corneal transplantation to be
deferred or entirely avoided in most cases.7 17

There was a marked reduction in the absolute and relative
number of transplants performed for keratitis, trauma and
corneal dystrophies (non-Fuchs’) over the study period, with
many possible explanations. Advances in contact lens technol-
ogy and availability may allow visual rehabilitation for scarred
and irregular corneas that otherwise would have required trans-
plantation.18 Improved laboratory diagnostics and availability of
new-generation antibiotics for treatment and prophylaxis may
have reduced the morbidity of infective keratitis.19 Moreover,
increasing knowledge of the relatively poor prognosis of kerato-
plasties performed for infective keratitis may have reduced the
number of keratoplasties performed for this indication.20 The
use of excimer laser photo-therapeutic keratectomy to treat
anterior corneal dystrophies may have reduced the need for ker-
atoplasty for some patients.21 It is also conceivable that
increased public awareness of ocular trauma and prevention
through protective eyewear and other measures may have
reduced the overall incidence of ocular trauma during the study
period.

With regard to the types of corneal transplantation in New
Zealand, PK remains the most common type of transplantation
for keratoconus.17 In Italy, between 2002 and 2008, the leading
technique was also PK (82%), which was performed for the
majority of keratoconus, regraft and PBK cases.6 In the USA,
while PK is also the most common type of keratoplasty per-
formed for keratoconus (89% in 2014), EK has become the
most common type of transplantation overall—largely due to a
higher proportion of FECD.2

PK is a well-established technique that avoids difficulties asso-
ciated with the learning curves of DALK and EK, including
those faced by the surgeons as well as the eye banks preparing
precut tissue.5 17 On the other hand, lamellar keratoplasty and
EK provide potential advantages over PK, such as faster visual
rehabilitation, less astigmatism, reduced risk of rejection and
shorter period of corticosteroid use.5 17 Reports on visual acuity
outcomes are more mixed.5 17 22–25 After an initial 3-year
growth in DALK numbers, the ratio of DALK to PK has been
steady around 1:6. This is comparable to the USA where PK is
much more popular than DALK. However, the rate of DALK in
New Zealand is much lower than other Western countries
where DALK has surpassed PK as the preferred technique for
keratoconus.26 27 This may be due to differences in severity of
disease in different countries and the surgeons’ preference in
techniques.

Despite the learning curves, there has been a rapid uptake of
EK for its relative indications.2 In New Zealand, DSAEK has
come to account for a third of all keratoplasties over a short
period of 8 years. Park et al2 reported the annual number of EK
exceeding that of PK from 2011 with the number of DMEK
doubling every year in the USA. Yet, the total number of kerato-
plasties has remained steady, unlike New Zealand and other
countries where there has been an overall increase in kerato-
plasty procedures.2 4 7 8 It may be that these countries have sig-
nificantly different proportions of indications and that newer
techniques such as DMEK are yet to be propagated as exten-
sively as in the USA. In New Zealand, DMEK was introduced
recently (2015) and we already foresee a greater uptake.

Limitations of the data in this study include having more than
one indication listed for some cases and the dependence on the
accuracy of surgeons’ documentation. Also, some tissue for
transplantation has been sourced from other eye banks overseas,
although this number would be expected to represent a small
percentage of the total keratoplasties performed in New
Zealand. Indeed, a survey of New Zealand ophthalmologists
reported that only 44 donor corneas (12.1% of total donor
corneas) were directly imported from the USAwithout involving
the NZNEB for the period 2013—likely the highest rate during
the 25-year period studied.28

In summary, over the last 25 years, there have been consider-
able shifts in indications and techniques of corneal transplant-
ation in New Zealand, some of which mirror other developed
countries. However, of distinct note in New Zealand, keratoco-
nus remains the leading indication for corneal transplantation
and, accordingly, PK is the leading type of corneal transplant-
ation. With the increasing uptake of lamellar keratoplasty and
EK, and advances in more conservative methods of ophthalmic
treatment such as collagen cross-linking, we anticipate a further
substantial change in the next 10 years of corneal transplant-
ation, which may yet reveal unique trends in New Zealand.
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APPENDIX 3. KEY COMMENTS BY THE EXAMINERS 
 
Professor Peter McCluskey 
 
“This is an outstanding thesis that presents a large body of work and in my opinion is an original 
contribution to our knowledge.” 
 
“The thesis has produced four peer reviewed publications in prestigious high impact international 
ophthalmology journals. This is an impressive output from any thesis and highlights the importance of 
the work and the significant contribution that it makes to our ability to reduce complications in cataract 
surgery. The fact that this thesis has produced four publications in prestigious international journals 
attests to the fact that the study has met internationally recognized standards for clinical research.” 
 
“It is a great achievement for a single investigator to perform a clinical study of 1,000 patients under-
going cataract surgery. I am impressed that this study of 500 cases before and after the specific 
intervention of risk stratification produced such a significant reduction in intraoperative complications. 
This highlights the excellent quality of the data and the study methodology. Not surprisingly, there was 
no difference in postoperative complications or visual outcome.”  
 
“This is an excellent thesis and with the above minor emendations clearly meets the standard to 
pass.” 
 
 
Dr Larry Benjamin 
 
“This thesis was a joy to read. It was clearly and logically presented using scientific noting where 
needed and this was well explained. It is clear that detailed statistical advice was sort and used, that 
support, advice and guidance was widely and freely given and this has resulted in a body of work 
which is both unique and thorough and which will help to support the implementation of such 
stratification systems across the world. This, in tum, should help to improve outcomes of cataract 
surgery for patients and help reduce morbidity as well as the costs of complications management.” 
 
“I have no hesitation in supporting and approving the award of the higher degree for this thesis.” 
 
“It is important work, carried out to a very high standard and should help at a clinical level, patients 
undergoing cataract surgery as well as helping to streamline the training and supervision of trainee 
cataract surgeons. The risk scoring can also be used to "graduate" a trainee surgeons experience by 
allowing them to tackle cases with increasing risk scores (under appropriate supervision) as they gain 
experience.” 
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