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1.1 Introduction  

A clear and well-centered crystalline lens is essential for good vision. Blurring of the lens, 
resulting in a decrease in quality of vision, is called a cataract. Cataracts occur mainly 
in elderly people, but can also appear in newborns and children, in which cases they 
are called congenital or juvenile cataracts. A decrease in vision can also be caused by a 
dislocation of the crystalline lens, which can be a symptom of syndromal diseases, and 
is often encountered in Marfan syndrome. Dislocation can also be caused by trauma to 
the eye. In the case of trauma, the lens dislocation is often accompanied by a cataract.  

This thesis reports the follow-up of children with congenital or juvenile cataracts and 
children with crystalline lens dislocation due to either trauma or Marfan syndrome who 
underwent lens surgery with the implantation of an artificial intraocular lens to replace 
the crystalline lens which was either dislocated or affected by a cataract. 

1.2 The crystalline (natural) lens

1.2.1 Anatomy and function

The crystalline lens is a transparent and biconvex structure, situated between the iris and 
the vitreous body. It is held in place by a suspensory system composed of suspensory 
ligaments, the zonulae of Zinn, which are attached on the one side to the ciliary body, 
and on the other to the equatorial region of the natural lens1 (Figure 1). The principal 
component of the suspensory ligaments is the glycoprotein fibrillin2. 

Figure 1. The position of the crystalline (natural) lens in the eye, and its relation to the ciliary body, the 

suspensory ligaments and the cornea

Adapted from: Encyclopedia Brittanica.
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The lens continues to grow throughout life1,3. At birth, the lens has an equatorial 
diameter of 6.5 millimeter and an anteroposterior thickness of 3.5 millimeter. The 
crystalline lens has a single layer of epithelial cells at its anterior and is completely 
enveloped by a collagenous capsule, the basement membrane of the epithelium. The 
epithelial cells at the equatorial region of the lens develop throughout life to form 
spindle-shaped secondary fibres. Newly formed fibres have a complicated architectural 
form. They are arranged into zones where fibres growing from different directions meet 
and form sutures. The oldest cells are most central, whereas the younger cells are more 
peripheral. Both an embryonic and a fetal nucleus are present at birth. The fetal nucleus 
is distinguished from the embryonic nucleus by Y-shaped upright sutures anteriorly and 
inverted Y-shaped sutures posteriorly. Lens fibres developing after birth contribute to 
the adult nucleus. The lens nucleus is made up of densely compacted lens fibres4. The 
cortex is comprised of the most superficial and youngest layers between the capsule and 
the adult nucleus1. The lens fibres in the lens cortex are less densely packed. By early 
adulthood, the lens has a stable equatorial diameter of approximately nine millimeters 
and an anteroposterior depth of five millimeters4. 

The natural lens contributes about 15-20 diopters (D) of the approximately 60 D of 
convergent refractive power of the average human eye. When the natural lens is removed 
from the eye during lens surgery, there is a loss of convergent refractive power. Aphakic 
eyes are hyperopic, except for eyes that are extremely myopic before lens surgery. The 
aphakic refractive error can exceed 30 diopters, depending on the biometric properties 
of the eye (mainly the axial eye length and curvature of the cornea), and the age of the 
patient. In order to achieve good vision, aphakia should be corrected. This can be done 
using glasses, contact lenses, and artificial intraocular lenses. In this thesis, the focus is 
on the correction of aphakia in children with intraocular lenses. 

1.2.2 Abnormalities of the crystalline lens in children

There is a wide range of abnormalities in size, shape, position, and transparency that can 
occur in the crystalline lens. Some of these abnormalities, such as primary aphakia, lens 
coloboma, and microspherophakia are seen rarely. Other abnormalities, such as cataracts 
and dislocated lenses, are more commonly encountered by the ophthalmologist.

In this thesis, paediatric patients with aphakia after surgery for cataract (congenital, 
juvenile and traumatic) or lens dislocation (either due to Marfan syndrome or trauma) 
are reported. These lens abnormalities will therefore be discussed in greater detail.

Cataracts
The most common anomaly found in the crystalline lens is a cataract. In case of cataract, 
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opacification of the crystalline lens results in mild to severe loss of vision. 
In adults, the most common cause of cataracts is aging. Less frequently, adult 

cataracts result from other causes such as trauma, metabolic disease (diabetes), uveitis, 
glucocorticoid drugs, or previous intraocular surgery such as pars plana vitrectomy.

In children, the cause of cataracts is unknown (idiopathic) in most cases5,6. Among 
the most common non-idiopathic causes of bilateral cataracts are autosomal dominant 
hereditary cataracts (about 30% of all cases5), metabolic disorders, genetically 
transmitted syndromes, and intrauterine infections. Unilateral cataracts are mostly 
idiopathic but can be associated with other lens or eye abnormalities, such as posterior 
lenticonus and persistant fetal vasculature. Cataracts in children can be the result of a 
blunt or perforating trauma, in which case the cataract is almost always unilateral. In 
children, bilateral cataracts are more common than unilateral cataracts5,7. A complete 
list of etiological causes of paediatric cataracts can be found in Table 1.

The incidence and prevalence of congenital and infantile cataracts varies from country to 
country. The prevalence has been reported as 1-15 per 10.000 children worldwide. A birth 
prevalence of bilateral cataract of 1- 3 per 10.000 in industrial countries is estimated, a 
number which is likely higher in developing countries, because of an increased exposure 
to infectious disease and other potential etiologic factors in the latter countries8. Each 
year almost three children of every 10.000 born in the United Kingdom will have a 
congenital or infantile cataract (both unilateral and bilateral) diagnosed by their first 
birthday. An adjusted cumulative incidence at one year of age of 2.5, at five years of age 
of 3.2 and at 15 years of age of 3.5 per 10.000 was reported9. The incidence of congenital 
cataracts (both unilateral and bilateral) reported in Sweden was 36 cases per 100.000 
live births10.

Table 1. Etiology of cataracts in childhood

Adapted from: Taylor, Paediatric Ophthalmology and Strabismus7.

Idiopathic	   Inherited	  
Intrauterine	  infection	   Associated	  with	  mental	  retardation	  
Uveitis	  or	  acquired	  infection	   Chromosomal	  
Metabolic	  disorders	   Craniofacial	  syndromes	  
Trauma	   Renal	  disease	  
Radiation-‐induced	   Skeletal	  disease	  
Other	  eye	  disease	   Neurometabolic	  disease	  
	  	  	  	  	  Microphthalmia	   Muscular	  disease	  
	  	  	  	  	  Aniridia	   Dermatological	  disease	  
	  	  	  	  	  Retinitis	  pigmentosa	   	  
	  	  	  	  	  Persistant	  fetal	  vasculature	   	  
	  	  	  	  	  Retinopathy	  of	  prematurity	   	  
	  	  	  	  	  Endophthalmitis	   	  
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Traumatic cataracts
Both blunt and perforating trauma can cause cataracts. These traumatic cataracts can 
be a part of a larger trauma to the anterior and posterior segment, including damage to 
other tissues, such as the cornea and iris tissue, vitreous and retina. Eye injuries are a 
significant cause of ocular morbidity in children11-13. In children younger than 14 years old 
the majority of eye traumas occur at home, caused by tools or toys in younger children 
and as a result of sport accidents in older children12. Boys are more frequently involved 
in eye trauma, with a ratio of approximately 3:112,14-16. Blunt trauma is more frequently 
encountered than perforating trauma in children12,16.

Lens dislocation (ectopia lentis)
Dislocation of the crystalline lens can be caused by trauma or can be due to non-
traumatic causes. Trauma is the most common cause of acquired lens dislocation. Both 
blunt and penetrating eye injuries can cause dislocation of the lens. 

Non-traumatic lens dislocation can occur as an isolated anomaly (simple ectopia 
lentis), or can be associated with pupillary abnormalities in the ocular syndrome ectopia 
lentis et pupillae, or can be a part of a systemic disease, storage disease or syndromal 
abnormality. Lens dislocation is a known feature in, to name but a few conditions, Marfan 
syndrome, homocysteinurie, and Weill Marchechani syndrome.

The systemic disorder that accounts for most cases of lens dislocation is Marfan 
syndrome17. Dislocation of the crystalline lens occurs in about 50-80% of patients with 
Marfan syndrome18-20. Marfan syndrome is a connective-tissue disease, inherited in 
an autosomal dominant manner, and mainly caused by mutations in the FBN1 gene, 
encoding fibrilline. It affects the optical, skeletal, and cardiovascular systems21. Marfan 
syndrome has a frequency of approximately 1 in 10.000 live births17,22. The clinical 
diagnosis is made using the Ghent nosology23,24, a set of clinical criteria outlined by 
international expert opinion to facilitate accurate recognition of this genetic syndrome. 
The Ghent nosology comprises a set of major and minor manifestations in different body 
systems24,25. The major ophthalmic diagnostic criterion is dislocation of the crystalline 
lens. 

1.3 Crystalline lens/ cataract surgery and intraocular lenses

1.3.1 Introduction

Nowadays, cataract surgery is one of the most common elective surgeries performed. 
In the US, it is estimated that almost 1.5 million adult cataract surgeries are performed 
each year26. In the Netherlands the number of eyes operated on to solve cataracts is 
approximately 150.000 per year27. Cataract surgery is a technique described since ancient 
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history. During the latter half of the past century, cataract surgery has evolved greatly. 
The development of phacoemulsification and the artificial intraocular lens could be 
considered as the two most important developments in the ophthalmic surgical field28.

1.3.2 Historic overview of surgical techniques

The first reports on crystalline lens treatment date from the fifth century BC. At that 
time, the goal of the technique of couching was to dislocate the crystalline lens away 
from the visual axis, into the vitreous humour. In the mid 1600s extracapsular cataract 
extraction (ECCE) was developed. With this technique, the crystalline lens was removed 
from the eye, rather then dislocated into the vitreous. The anterior lens capsule was 
opened and the lens nucleus was expressed through a corneal wound. All procedures 
were performed without antisepsis or anaesthetics29.  

From the mid 1700s intracapsular cataract extraction (ICCE) was preferred. The lens 
with its capsule was removed from the eye in toto, using manual pressure and later 
more advanced devices as erysophakes, cryoprobes and specialised forceps. Problems 
related to retained lens material, causing inflammation, as encountered with ECCE, were 
solved by this ICCE technique. However ICCE also had disadvantages and high rates of 
complications29. 

With the introduction and development of irrigation and aspiration systems (latter 
half of 19th century, first half of 20th century) it became possible to remove all cortical lens 
material after the lens nucleus was removed. This caused a shift from ICCE to modern 
methods of ECCE. After opening the anterior lens capsule and removing the nucleus, 
the remaining cortex could now be removed from the capsular bag with these irrigating 
devices. Advantages of the modern ECCE technique comprised a smaller incision, 
maintenance of a separation between anterior and posterior compartments of the eye, 
thus eliminating forward movement of the vitreous, and more possibilities for intraocular 
lens (IOL) positioning. The introduction of the binocular operating microscope (mid 20th 
century)30 fine suture material, and modern sterilization techniques increased surgical 
success and reduced the number and the severity of complications29.

In 1967, Charles Kelman invented phacoemulsification30-32. Phacoemulsification 
uses an ultrasonically driven tip to fragment and emulsify the lens nucleus. The lens 
fragments are then aspirated through a hollow needle and removed from the eye. 
After nucleus removal, the cortex is removed using an automated irrigation/ aspiration 
system. Viscoelastic agents are now used to create space in the anterior chamber of the 
eye, thus preventing contact between the tip of the phacoemulsification handpiece and 
the corneal endothelium29. This modern ECCE technique made it possible to remove 
the hard nucleus from the eye through a small incision, and resulted in faster surgery, 
less complications and faster recovery and improvement of visual acuity. The conversion 
to phacoemulsification led to a substantial increase in cataract surgery during the 
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period of 1980 tot 200426. During this period the number of cataract operations that 
were performed in the Netherlands increased from approximately 10.000 in 1980 to 
approximately 135.000 in 200427. With the further development of instruments and 
intraocular lenses which can be inserted through an incision of only a few millimetres, 
we are now able to create self-sealing corneal wounds. Efforts to reduce incision size 
have led to the development of ‘microincisional’ cataract surgery (MICS), a technique 
that permits cataract removal through incisions ranging from 1.0–1.5 millimetres33. 

1.3.3 Historic overview of the use of intraocular lenses

Before 1949, cataract surgery resulted in aphakia, and patients were destined to 
wear high hyperopic spectacles that were of considerable weight and that caused 
magnification and distortion to the peripheral vision. Scleral contact lenses and eventual 
corneal lenses were used when available and possible29.  

The development of IOL implantation began in 1949, with the identification of 
polymethylmethacrylate (PMMA) as an inert material, which could serve as a substitute 
for the crystalline lens. With the observation that fragments of plexiglass (PMMA, 
Perspex) from shattered cockpit windshields were tolerated well by the eyes of British 
pilots in World War II, Sir Harold Ridley began the era of IOL implantation34. After the 
first implantation of a Ridley lens in 1949, numerous surgical techniques, intraocular 
lens designs for placement in the anterior and posterior chamber, and materials were 
developed and used35.

From 1975 to the mid eighties rapid and highly innovative IOL developments took 
place. At the same time phacoemulsification was becoming more widespread. 

The Artisan lens was introduced by professor Jan Worst from Groningen, the 
Netherlands, in 1978. Earlier Cornelius Binkhorst, also from the Netherlands, pioneered 
the use of pupil and iris fixated IOLs. 

The first generations of intraocular lenses were made of PMMA. PMMA is a rigid 
material and lenses made from it require a large incision and hence sutures to seal 
the wound. Foldable IOLs, made of silicone and acrylic, were introduced in the 1980s 
29. These IOLs could be implanted in the eye through smaller incisions thus allowing 
sutureless surgery and reduced astigmatism. The availability of small-incision foldable 
IOLs was the factor that influenced the majority of ECCE surgeons to convert to using 
phacoemulsification.

From 1986 to 1997, PMMA was the preferred optic material by members of the 
American Society of Cataract and Refractive Surgery (ASCRS). In 1998, it dropped to 
second place and acrylic became the preferred optic material. In 2002, acrylic was 
preferred by the majority of cataract surgeons36. 

Cataract surgery has improved tremendously and doctors and patients expectations 
have grown accordingly. The postoperative goals have shifted from improved vision 
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towards perfect vision, preferably without glasses. After the implantation of single focus 
intraocular lenses the patient is dependent on glasses for near or for far. To overcome 
this possible disadvantage intraocular lenses that provide refractive correction for both 
near and distance, accommodating and multifocal IOLs, are being developed28,37-39.

1.4 Crystalline lens surgery and intraocular lenses in children

1.4.1. Surgical technique in paediatric eyes

Many surgical techniques used in adult cataract surgery have been adopted and 
modified for the paediatric patient40. In comparison with adult eyes, paediatric eyes have 
greater elasticity of the lens capsule and lower scleral rigidity. These differences make 
the anterior capsulotomy more difficult and cause a narrower and less stable anterior 
chamber. In children there is a higher incidence of posterior capsule opacification, 
necessitating primary management of the posterior capsule41. The advent of vitreous 
suction cutting devices in the mid 1970s to the early 1980s revolutionalized paediatric 
cataract surgery42,43. These devices provided the new possibility of managing the posterior 
capsule and anterior vitreous more easily, and thereby addressed the complication of 
posterior capsule opacification.

Preferred practices
The current consensus in paediatric cataract removal is that the surgery includes a 
superior limbal or scleral incision, manual curvilinear anterior capsulorhexis, irrigation 
and aspiration of the lens material and sutured closure of the wound41,44,45. The majority 
of surgeons perform a posterior capsulotomy and an anterior vitrectomy, in particular 
in patients younger than 5-7 years of age41,45,46. The use of high viscosity viscoelastic 
agents to maintain anterior chamber stability and to deal with the high vitreous pressure 
in the paediatric eye, is recommended in paediatric cataract surgery5,41,42. The use of 
Trypan blue dye, to stain the lens capsule, is shown to improve the rate of complete 
capsulorhexis47, and is helpful when a red reflex is absent. 

1.4.2 Complications after surgery

PCO
The most frequent complication after paediatric cataract surgery is posterior capsule 
opacification (PCO), also known as visual axis opacification (VAO). The incidence of PCO 
decreases with increasing age of the child41. To reduce the incidence of PCO, primary 
management of the posterior capsule and anterior vitrectomy are recommended, 
especially in children below the age of 5-7 years.  
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Glaucoma
Glaucoma is one of the most severe complications after cataract surgery in children. 
It is most common encountered in children that were operated at a very young age. 
Several studies report an increased risk of secondary glaucoma when surgery has been 
performed in the first months of life 48-51. 

Inflammation 
In children, there is a more pronounced inflammatory reaction after eye surgery, even 
more so in newborns and infants. Antimicrobial, and anti-inflammatory eye drops are 
used during the postoperative weeks, to prevent fibrinous uveitis and endophthalmitis. 
Subconjunctival or intracameral injection of antibiotics and steroids after paediatric 
cataract surgery is recommended by some authors5,52,53, also because frequent 
administration of eyedrops can be challenging in children and can cause missed doses 
and non compliance. 

Endothelial cell loss
The normal decline in endothelial cell density in adults has been reported to be 0.3%54 to 
0.6%55 per year. After cataract surgery in adults the rate of endothelial cell loss continues 
at a higher rate of about 2.5%56. A normal decrease in endothelial cell density ranging 
from 1.1% 55 to 2.9%54 per year was reported in infancy and childhood. No reports on the 
decline in endothelial cell density after paediatric cataract surgery can be found. Since 
1990 only a few studies on the corneal endothelium after paediatric cataract surgery 
have been published.  In 1992 Kora et al.57 reported an endothelial cell loss of 6%, three 
years after cataract extraction with implantation of an in-the-bag posterior chamber IOL 
in six paediatric eyes. Six years later Basti et al.58 presented a prospective study on the 
corneal endothelium of 18 eyes after surgery for congenital or developmental cataract 
and implantation of an in-the-bag posterior chamber IOL. They reported an endothelial 
cell loss of 5.3- 7.5 %, three months after surgery. More recently, two retrospective 
studies reporting the endothelial cell density after congenital cataract surgery without 
IOL implantation, were published59,60. In both retrospective studies no significant 
differences in endothelial cell density were found in the eyes of patients operated for 
congenital cataracts when compared to the eyes of non-operated control patients after 
a mean follow-up of 10.7 years59 and 13 years60. 

1.4.3 Intraocular lenses in children

History and current preferences  
Prior to the era of intraocular lens implantation in children, aphakia was corrected by 
aphakic glasses (Figure 2) or contact lenses. Aphakic glasses are rarely used nowadays. 
Contact lenses remain a useful means in the treatment of aphakia, especially in infants 
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who are operated for congenital cataract extraction shortly after birth or during the first 
year of life61,62. 

Hiles and Binkhorst pioneered the use of IOLs in children in the 1970s and 1980s. Irido- 
capsular fixation, two-loop Binkhorst IOLs, iris clip IOLs and iris sutured lenses were 
implanted before 198263,64. Since 1982, posterior chamber lenses were considered 
appropriate for paediatric use64, yet before the mid 1990s, IOL implantation in children 
was mostly investigational43,65. 

Paediatric IOL implantation evolved as adult IOL implantation techniques and IOL 
materials improved. An increasing number of surgeons now accept IOL implantation for 
the correction of aphakia in children. In fact, IOL implantation has become a standard 
procedure in older children44,45.  

In 1994, 46% of members of the American Association of Paediatric Ophthalmology 
and Strabismus (AAPOS) and 27% of members of the ASCRS responded on a survey that 
they were implanting IOLs in children. The majority implanted lenses in children older 
than six years66. Six years later, in 2001, 89.5% of AAPOS respondents and 93.8% of 
ASCRS respondents implanted IOLs in children. At that time 81.9 % of AAPOS members 
and 54.2% of ASCRS members had implanted an IOL in children under the age of 2 years 
old45.

Thus, intraocular lenses are being increasingly used to optically correct aphakia in 
children with good visual results. However, their use during early infancy remains 
controversial because of the increased incidence of complications in these infantile 
eyes, and the difficulty of accurately predicting the most appropriate lens power to 
insert. The number of surgeons implanting lenses in children under two years of age 
has increased44,45, yet primary IOL implantation in infants, especially under the age of 6 

Figure 2. Aphakic glasses in a paediatric patient operated for 

bilateral congenital cataracts.
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months, is still controversial and caution when considering IOL implantation in infants is 
advocated44,67.

IOL material in children
PMMA IOLs were implanted in paediatric eyes in the 1980s and early 1990s. Since more 
than 50 years PMMA, as an inert material, has proved to be well accepted by the human 
eye. The reduced incidence of posterior capsule opacification (PCO) after implantation 
of hydrophobic acrylic IOLs in adults, prompted paediatric cataract surgeons to use these 
lenses in paediatric eyes42. Also in children less PCO was reported after implantation 
of hydrophobic IOLs68. Another advantage of these foldable lenses, was the possibility 
of smaller incision surgery65. The hydrophobic acrylic IOL is nowadays the first choice 
of many paediatric cataract surgeons68-73. The 1-piece AcrySof IOL was preferred for in-
the-bag implantation, and the 3-piece AcrySof IOL for sulcus fixation in a survey among 
US and non-US member of the American Association for Paediatric Ophthalmology and 
Strabismus74. 

1.4.4. Special indications for intraocular lenses in children

Secondary implantation of an intraocular lens in children.
Primary IOL implantation has become a standard procedure in children. Yet in the case 
of cataract surgery in infants and very young children, many surgeons still choose to 
leave the eye aphakic (see chapter 1.4.2). These eyes are candidates for secondary lens 
implantation at an older age, especially in case of problematic contact lens or spectacle 
wear. IOL implantation after traumatic aphakia is also often performed as a secondary 
procedure. Secondary posterior chamber lenses can be implanted in children who have 
adequate posterior capsule to support the lens, either within the bag or in the ciliary 
sulcus. A technique for placing a secondary intraocular lens within the capsular bag has 
been described and successfully performed75. Yet reconstruction of the capsular bag is 
technically difficult in most cases, due to fusion of the anterior and posterior capsule. 
Secondary IOLs are usually placed in the ciliairy sulcus76-78. In the absence of capsular 
support, secondary IOLs can be sutured in the posterior chamber to either the sclera or 
iris or can be placed in the anterior chamber, either angle supported or iris-fixated.  

Intraocular lenses in case of an absence of capsular support in children.
In some cases of aphakia, the lens capsule of the natural lens is absent or not stable 
enough to support an IOL. Important causes of absence of capsular support in children 
are trauma and lens dislocation due to systemic disease (see chapter 1.2.2). 

Despite advancements in surgical techniques and technology, lens dislocation with 
loss of significant zonular support in children, presents a challenge for cataract extraction 
and IOL implantation42. Various techniques and IOLs are used in the absence of a stable 
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capsular bag. Transscleral sutured posterior chamber IOLs, sutured capsular tension 
rings with in-the-bag posterior chamber IOLs (PCIOLs), iris-fixated PCIOLs and open loop 
anterior chamber IOLs are used79-90. The Artisan aphakia IOL, the subject of this thesis, 
is a treatment option in these cases and favourable outcome has been reported91,92. No 
studies comparing the different IOL options in children are available. A more favourable 
outcome of scleral sutured PCIOLs when compared to angle supported anterior chamber 
IOLs was reported in a small retrospective study89 ten years ago. As yet, there is no 
consensus as to which IOL offers the best solution for paediatric aphakia in the absence 
of capsular support93. 

The correction of aphakia in the absence of capsular support in adults also remains a 
subject of debate 94,95. A meta analysis of the safety and efficacy of open loop anterior 
chamber IOLs, scleral sutured posterior chamber IOLs, and iris sutured posterior 
chamber IOLs in eyes with absence of capsular support in adults, revealed no differences 
between the IOLs95. The Artisan lens was not included in this analysis. A comparable 
visual outcome and incidence of intraoperative and postoperative complications in adult 
eyes with Artisan aphakia IOLs compared to eyes with sulcus sutured IOLs after a mean 
of 14 months of follow-up was reported96.

More recently, two comparative studies on the Artisan aphakia IOL versus iris fixated 
posterior chamber IOLs97 and versus scleral fixated PCIOLs25 were published. Both studies 
included only eyes of patients with Marfan syndrome and report comparable results of 
visual outcome and corneal endothelial cell density when compared to the posterior 
chamber IOLs. A higher number of lens dislocations was found in the iris sutured and 
scleral sutured lenses, when compared to the Artisan aphakia IOL after 1 year of follow-
up.

Multifocal and accommodating lenses in children
There is an interest in using multifocal IOLs among surgeons performing paediatric 
cataract surgery74. The loss of accommodation, which results from loss of the crystalline 
lens, has more impact on the visual function and development in the paediatric patient 
than in the adult patient98. Therefore the use of multifocal IOL might be beneficial in 
children. Very little literature is available on the use of multifocal IOLs in children99,100. 
Difficulty with precise biometry, centration of the IOL, unknown increase in axial 
length, optical abberations, and amblyopia must be addressed before multifocal IOLs 
can be recommended for routine use in children98. No reports on the implantation of 
accommodating IOLs in children are available. 

At present, the use of multifocal IOLs in children is investigational and controversial. 
Spectacle independence is the primary goal of these expensive lenses, a goal that cannot 
be achieved in the growing eye of a child. Loss of clear vision due to optical aberrations, 
decrease of contrast, straylight and glare can exacerbate amblyopia. Consequently, 
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surgeons should hesitate to implant a premium IOL in a paediatric eye. 

1.4.5 The outcome after cataract/ lens surgery in children

Refractive outcome
Refractive changes that occur with aging in normal, healthy, phakic eyes of children are 
influenced by three variables that ideally change in concert to maintain emmetropia: 
axial length, corneal curvature, and natural lens growth101,102. Removal of the crystalline 
lens changes one of these three important variables, causing an aphakic refractive error, 
which must be corrected. The implantation of a fixed power IOL in the aphakic growing 
paediatric eye will lead to changing refractive errors in time. Children implanted with 
an IOL will need glasses for far and near in addition to the IOL. The paediatric cataract 
surgeon must choose an IOL power that will give a certain initial postoperative refractive 
error. Some surgeons choose emmetropia or myopia to help in the early management of 
amblyopia, others choose hyperopia that varies with age at surgery, to reduce the child’s 
ultimate myopia103. The first option might be preferable in unilateral cataracts, were 
there is a high risk of anisometropic amblyopia. In bilateral cataract cases, where there 
is a lower risk of amblyopia, initial higher hypermetropia and consequently less myopia 
in adulthood, might be preferable. Undercorrection of plus 6 to plus 7 diopters (D) at the 
age of one, plus 5 D at the age of two, plus 4 to plus 5 D at the age of 3, plus 2 to plus 3 
D at the age of five, and 0 to plus 1.5 D at the age of 7 and older is suggested by different 
authors25,103-105. Another difficulty determining the final refractive outcome in children is 
that the inaccuracy of the initial IOL power calculation is high101,103. Continuous research 
is performed on these issues in the growing paediatric eye. 

Visual outcome and amblyopia 
Human vision requires precise collaboration of all elements of the visual system, from 
the eye to the visual cortex in the brain. There is a sensitive period, during which time 
the immature and developing visual system retains plasticity and can thus be influenced. 
The sensitive period in humans is approximately 8 years52,106. Any disturbance of vision 
can negatively affect the immature visual system, causing visual impairment, which is 
called amblyopia, or lazy eyes. The most common causes of amblyopia are strabismus, 
high asymmetric refractive errors, and deprivation due to organic causes, for example 
cataract, crystalline lens dislocation or ptosis. The risk for amblyopia remains, also after 
these causes have been treated. For example, amblyopia has been found to be the major 
cause of residual visual deficit after paediatric unilateral and bilateral cataract 107.

In children, the visual outcome and the risk of amblyopia after lens surgery depends 
on many factors, including the age at onset of the lens disease, the age at the time of the 
surgery, the indications for surgery (cataract/ trauma/ dislocated lens), the presence of 
associated ocular abnormalities, whether the cataract is unilateral of bilateral, and the 
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compliance with optical correction and amblyopia treatment. 
A large retrospective study on the visual outcome after cataract surgery and IOL 

implantation showed a mean visual acuity of 20/80 in unilateral cases and 20/34 in 
bilateral cases107. A worse visual acuity was reported in children that were operated 
under the age of one, with a visual acuity in unilateral cases of 20/258 and in bilateral 
cases of 20/60. Early detection and timely surgery of lens abnormalities that interfere 
with the visual development as well as meticulous correction of refractive errors and 
well monitored amblyopia treatment, are of great importance when treating children 
after lens surgery. 

1.5 The Artisan aphakia IOL

1.5.1 History and development
 

In 1978 Professor Jan Worst in Groningen, the Netherlands, developed the Lobster 
Claw or Iris Claw lens. Using an earlier model, the Slotted Medallion lens, he sometimes 
observed that some iris tissue was caught in the slot of this lens. This clasping of iris 
tissue proved to be a serendipitously discovered new possibility for stable fixation of an 
intraocular lens. Based on the grip of the claws of a lobster, professor Worst developed an 
anterior chamber IOL, fixated to the iris with 2 claws. The claws of the lens are attached 
to the iris, without sutures, by enclavation of a fold of iris tissue of the virtually immobile 
midperiphery of the iris stroma (Figure 3). Therefore the IOL does not interfere with the 
normal vasculature and nerve supply87,108. The Artisan aphakia IOL is a one-piece PMMA 
lens with an optic diameter of 5.0 millimetres, a body diameter of 5.4 millimetres, and 
an overall diameter of 8.5 millimetres108.

In 1986 the name of the Iris Claw lens was changed into Artisan aphakia IOL. In 1997 
an improved vaulted design of the Artisan aphakia IOL was introduced. The lens 
configuration was made vaulted to create distance to the iris and enclavation was made 

Figure 3. An example of the Artisan aphakia 

IOL in a paediatric eye
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easier by an enlarged oval aperture (other than the original circular shape) between the 
optic and the haptics (Figure 4)108. 

Jan Worst implanted the first Iris Claw lens in 1978. Initially he implanted this lens 
only as secondary implant in the case of traumatic cataracts. Soon afterwards, 
he used it as a primary implant in ECCE as well as in ICCE cases and later on after 
the first cases of phacoemulsification108. Nowadays, with the widespread use of 
phacoemulsification, the implantation of a posterior chamber in-the-bag IOL is the 
preferred technique. Therefore at the present time the Artisan aphakia IOL is mainly 
used as a back-up lens for complicated cataract surgery with insufficient capsular 
support96,108-111, as a secondary implant, for example after a traumatic cataract 
108,112-114, or in case of non-traumatic dislocated lenses25,91,92,97. The Artisan aphakia 
IOL has been implanted in approximately 450.000 aphakic eyes worldwide108. 
In 1986 the concept of the Iris Claw lens was modified to be used in the phakic eye for 
the purpose of treating refractive errors115. This phakic version of the Artisan IOL was 
further developed and after approval of the US Food and Drug Administration in 2004, it 
was brought on the US market under the name Verisyse IOL. 

1.5.2 The use of the Artisan lens in children

The Artisan aphakia IOL
In 1980 Worst started to implant the Iris Claw lens in paediatric eyes. He observed that the 
Iris Claw IOL could be removed and exchanged with minimal surgical trauma, and one of his 
considerations for the use of this IOL in children, was the possibility of future IOL exchange 
in the growing paediatric eye. Worst developed two Paediatric Artisan aphakia lenses with 

Figure 4. The Artisan aphakia IOL. A. Worst Iris Claw IOL, B. Artisan aphakia IOL

(Courtesy of Ophtec BV)
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a smaller optic size of 4.4 millimetres, a body diameter of 4.4 millimetres, and smaller 
overall diameter of 6.5/ 7.5 millimetres respectively, to fit the smaller paediatric eye87,116.
Since the first publication on the use of the Artisan aphakia IOL in children by van 
der Pol and Worst116, in 1996, only two reports on the use of this IOL in children 
were published91,92. In these two studies, the Artisan aphakia IOL was used for the 
correction of aphakia in the absence of capsular support, due to idiopathic crystalline 
lens dislocation92 or crystalline lens dislocation as a result of Marfan syndrome91. In the 
Netherlands the Artisan aphakia IOL is used as a first choice IOL in children that lack 
the necessary capsular support to implant an in-the-bag or sulcus IOL and is implanted 
either as a primary or secondary procedure.  

The Artisan/Verisyse phakic IOL
The phakic Artisan IOL has also been used in paediatric patients117-123. Phakic IOLs in 
children are incidently used in children who have significant anisometropia or bilateral 
ametropia and who are not able to comply to refractive correction by spectacle or contact 
lens wear, amongst other, mentally impaired children124. Their use is still controversial.

The Artisan Iris Reconstruction IOL
A special design of Artisan IOL is the Artisan Iris Reconstruction implant (Figure 5). The 
Artisan Iris Reconstruction IOL is designed for anterior segment reconstruction of eyes 
in which asymmetric iris damage has occurred. The Artisan Iris Reconstruction IOL is a 
tailor-made polymethylmethacrylate IOL with a coloured iris diaphragm to treat aphakia 
as well as iris defects. These lenses are available in various dioptric powers and colours 
(brown, blue, green, and black).

1.5.3 The corneal endothelium 

Introduction
The proximity of the Artisan lens to the innermost cell layer of the cornea, the 
endothelium has led to concern regarding the possible damage of this cell layer due to 

Figure 5. An example of the Artisan Iris Reconstruction 

IOL in a paediatric eye.
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the insertion and presence of this IOL. The barrier and pump functions of the endothelial 
cells are responsible for maintaining corneal transparency. Human corneal endothelial 
cells are considered to be non-proliferative in vivo, and a significant loss of endothelial 
cells, due to (surgical) trauma, dystrophy, contact lens wear or disease can lead to corneal 
decompensation, resulting in a decreased corneal clarity125. 

Imaging of the corneal endothelium
The corneal endothelium can be photographed with special cameras.  A non-contact 
specular microscope was used in the studies that are presented in this thesis. Non-
contact specular microscopy is a widely used method to image and study the corneal 
endothelium. Semi automated software is available to study both quantitative and 
qualitative aspects of the endothelium126. 

Endothelial cell density 
Shortly after birth, the human cornea has approximately 6000 endothelial cells per 
square millimetre of posterior corneal surface. This number decreases rapidly during 
infancy127, and continues to decrease during life54,127 (Figure 6). The normal annual 
decline in ECD ranges from 2.9% during infancy and childhood to 0.3- 0.6% throughout 
adult life54,55. A normal ECD ranging from 2407 to 2977 cells/mm2 in the third decade 
of life are found in normal human eyes in different populations128. Endothelial cell loss 
is followed by migration and spreading of neighbouring endothelial cells 129. The exact 
lower limit of endothelial cells that is necessary to keep the cornea clear is not known, 
but is estimated to be about 500 cells/mm² 130. 

Figure 6. Decrease of the endothelial cell density during life

From Armitage et al., Invest Ophthalmol Vis Sci 2003 Aug;44(8):3326-31
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Morphology of the corneal endothelium
The normal configuration of the corneal endothelial cell is hexagonal (Figure 7). A 
significant disruption in the regular hexagonal pattern is called pleomorphism. The 
coefficient of variation of cell size (CV) is the standard deviation of the cell area divided 
by the mean cell area. The CV increases when the differences in cell size increase and is 
called polymegathism. An increase in CV and a decrease in percentage of hexagonal cells 
occurs with age131. However, pleomorphism has also been described in healthy eyes of 
children132.

1.5.4 The Artisan aphakia IOL and the corneal endothelium

Only two studies reporting on the endothelial cell density after Artisan aphakia IOL 
implantation in children are available. Lifshitz et al.92 reported on four eyes of three 
children with idiopathic dislocated lenses implanted with an Artisan aphakia IOL. The 
postoperative endothelial cell counts of the operated eyes of two unilaterally operated 
patients were compared to the fellow un-operated eyes. No cell loss in the operated 
eyes was found after eight months of monitoring. Aspiotis et al.91 reported on seven eyes 
of five young patients with lens dislocation due to Marfan syndrome and implanted with 
an Artisan aphakia IOL. At two and six months of monitoring no reduction in the number 
of endothelial cells was observed when compared to before the surgery. 

Guell et al. prospectively studied adult eyes that were implanted with the Artisan 

Figure 7. The hexagonal pattern of the corneal endothelium
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aphakia IOL110. The clinical outcome of 16 eyes of 14 adult patients with secondary 
Artisan aphakia IOL implantation after aphakia due to various causes was reported. A 
mean endothelial cell loss of 7.8% during the first 12 months after the surgery with a 
cumulative loss of 10.9% for the first 3 postoperative years is reported. The authors 
suggest that the endothelial cell loss might therefore be most likely related to the surgery 
for the secondary Artisan aphakia IOL implantation. 

Recently, two randomised studies were performed, reporting on the endothelial cell 
density of the eyes of adult patients with Marfan syndrome, implanted with the Artisan 
aphakia IOL. Hirashima et al.97 reported the endothelial cell density of 31 eyes of 16 adult 
Marfan patients, preoperatively, and at 3, 6, and 12 months postoperatively. One eye of 
the patients was implanted with an Artisan aphakia IOL and the other eye was implanted 
with an iris sutured posterior chamber IOL. Six months after surgery the endothelial cell 
loss in the eyes implanted with the Artisan IOL was 8%, in comparison to 10% in the iris 
fixated posterior chamber IOL. 

Zheng et al.25 performed a randomised study to compare the outcome after either 
Artisan aphakia IOL or scleral fixated posterior chamber IOL implantation in the eyes of 
patients with Marfan syndrome. The endothelial cell loss was 13.3% and 19.3 %, 3 and 
12 months after surgery in the eyes implanted with an Artisan aphakia IOL. This was 
comparable to the cell loss in eyes implanted with the scleral sutured posterior chamber 
IOL. 

Studies of the corneal endothelium in human donor corneas  indicate that corneal 
endothelial cells in younger donor eyes have a higher proliferative capacity than older 
human corneal endothelial cells133-135. This might explain the limited endothelial cell loss 
that was found in children after Artisan aphakia IOL implantation, when compared to 
the outcome in the adult eyes. Only short term follow-up of the corneal endothelium 
after Artisan aphakia IOL implantation in children is reported. In this thesis the long-term 
clinical outcome and complications as well as the long-term outcome of the corneal 
endothelium after Artisan aphakia IOL implantation in paediatric eyes is reported.  
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The aim of this thesis is to report the long-term outcome after Artisan aphakia intraocular 
lens (IOL) implantation in children with congenital or juvenile cataracts and children 
with crystalline lens dislocation due to either trauma or Marfan syndrome. The Artisan 
aphakia IOL is frequently used in the Netherlands. However, the Artisan aphakia lens 
is approached with caution by colleagues around the world, probably due to adverse 
results of other anterior chamber IOLs in the past. Only three papers, reporting a 
short follow-up time, were available on the implantation of the Artisan aphakia IOL in 
children1-3, when the current research project was started. 

Between 1987 and 1999 an Artisan aphakia IOL was implanted in the eyes of a series of 
children in the Academic Medical Centre of Amsterdam, the Netherlands. These children 
were among the first to receive the Artisan aphakia IOL, which provided the opportunity 
to study the long-term outcome of this IOL in the paediatric eye. It is important to study 
the long-term outcome after surgery on infants and children, as these young patients 
have a long mean life expectancy, and complications sometimes only arise years after 
the treatment has taken place. The aim was to report on the clinical outcome of the 
Artisan aphakia IOL in terms of visual/ functional outcome, complications of surgery 
and IOL related problems, and on the long-term outcome in terms of the corneal 
endothelium. To study the results in detail, the patients were divided in series, according 
to the indication for surgery. 

Also included in this thesis is a study on the axial eye length growth, a basic parameter 
related to the refractive state of the eye after paediatric cataract surgery. Paediatric 
cataract surgeons often have to deal with a wide range in refractive outcome. In 
Chapter 3 the question of whether the wide range in refractive outcome is the result 
of altered growth in eyes that underwent cataract surgery is addressed. In Chapter 4 
the long-term clinical outcome after unilateral Artisan aphakia IOL implantation for 
traumatic aphakia in five children is reported. In Chapter 5 a special indication for the 
use of the Artisan IOL is presented. A custom-made Artisan Iris Reconstruction IOL with 
a coloured iris diaphragm was implanted in five eyes of children after extensive anterior 
segment trauma. Chapter 6 describes six patients with unilateral traumatic cataracts 
and three patients with unilateral juvenile cataracts. To study the long-term endothelial 
consequences, the endothelial cell density of the operated eyes was compared to 
the endothelial cell density of the non-operated fellow eyes in these nine patients. In 
Chapter 7 the long-term endothelial outcome of the 20 eyes of ten patients with Artisan 
aphakia IOL implantation after surgery for bilateral congenital or juvenile cataracts is 
reported. Chapter 8 presents the clinical course and the long-term outcome of the 
corneal endothelium in four eyes of two paediatric patients with Marfan syndrome and 
bilateral Artisan aphakia IOL implantation after crystalline lens dislocation, and compares 
the results with a control group of 29 non-operated eyes of 15 Marfan patients.
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Abstract

Aim. To compare the axial eye length growth of the two fellow eyes within one patient 
after unilateral paediatric cataract surgery and to asses changes in refraction and 
keratometry. 
Patients/ Methods. A retrospective study in 90 eyes of 45 patients was performed. The 
45 patients were divided into Group 1 (patients younger than 18 months at the time of 
surgery, n=25) and Group 2 (patients 18 months or older at the time of surgery, n=20). 
The axial eye length, spherical equivalent refraction and keratometry were measured 
during surgery and at follow up. All outcome data in the operated eyes were compared 
with the outcome data of the fellow non- operated eyes. The students t-test was used 
for statistical analysis. Values of p< 0.05 were considered statistically significant. 
Results. In Group 1 the absolute growth (mm) of the operated eyes was borderline 
statistically significantly less than in the fellow non- operated eyes (p=0.049). No 
statistically significant difference in the rate of axial growth between the two eyes was 
found (p=0.25). A larger myopic shift (p=3.85x10-5) and a larger change in keratometry 
(p=0.02) were found in the operated eyes. In Group 2 no statistically significant 
differences were found between the two eyes.
Conclusions. We did not find a statistically significant difference in axial length growth 
between the operated eyes and fellow non-operated eyes in our unilateral paediatric 
cataract patients.
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Introduction

Paediatric cataract surgeons often have to deal with a wide range of (long-term) 
postoperative refractive outcomes. We tried to answer the question of whether this is 
a result of altered growth in eyes that underwent cataract surgery. Several studies have 
looked at the axial growth of eyes after paediatric cataract surgery1-13. Some studies report 
growth as axial growth1-8,10-13, whereas others reported growth as a refractive growth9 
(reflecting not only axial changes but also changes in corneal curvature and intraocular 
lens (IOL)- related factors). Some studies report on axial growth as an absolute value 
2-8,10-12 (axial length in mm), whereas others report it relative to the initial axial length (ie, 
rate of growth)13. Moreover, due to differences in inclusion and exclusion criteria (type 
of cataract, age of children, laterality, aphakia, pseudophakia), these studies are difficult 
to compare and interpret.

The number of studies in which the axial eye growth of operated eyes is compared 
with the fellow non-affected eyes within the same patient, as presented in this study, are 
rather limited4,6,8,10,13,14. To our knowledge this is the largest group ever presented. 

Methods

Patients
All consecutive patients under the age of eight years old that had a unilateral cataract 
operation in our hospital between 1996 and 2006, with a minimum follow-up of one 
year, were included in this study. All congenital and developmental cataracts, without 
comorbidity (trauma, glaucoma, persistant fetal vasculature, retinal or optic nerve 
anomalies) and without microphthalmus were included. During this time period 91 
children underwent unilateral cataract extraction, with or without primary implantation 
of an IOL. 46 patients were excluded from analysis; one patient died during follow-up 
from a cause not related to a syndrome or the eye disease, one patient suffered from 
endophthalmitis and one patient developed glaucoma. In 25 patients the available data 
were incomplete and 18 patients were lost to follow-up, mainly because they moved and 
the current address was unknown. 

Complete data were available in 45 patients (90 eyes). These 45 patients were divided 
into two groups according to the age at the time of the surgery; Group 1 (patients 
younger than 18 months at the time of the surgery, n=25) and Group 2 (patients 18 
months or older at the time of the surgery, n=20). 

Methods 
The primary data collected were the axial length at the time of the surgery, the date at 
the time of the surgery, the patient’s age at the time of the surgery, laterality, the type 
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of the cataract and the IOL characteristics. The secondary data collected were spherical 
equivalent (SE) refraction at 4 weeks and keratometry at the time of the surgery.

For this study the included patients were recruited again for a recent axial length 
measurement, a measurement of SE refraction and keratometry. This measurements 
were made at the last follow-up visit. The follow-up time was the time between this 
recent last follow-up visit and the day of the cataract surgery. In case of primary aphakia 
with a secondary IOL implant, the second axial length measurement, SE refraction and 
keratometry were measured at the time of this second surgery. The follow-up time 
in these patients was also at least one year. None of the patients included developed 
secondary glaucoma during follow-up.

The preoperative axial length was measured using applanation A scan at the time of 
the surgery. The second axial length measurement was performed with the IOL Master 
(Carl Zeiss AG, Oberkochen, Germany) in the outpatient clinic or with applanation A 
scan in case of a secondary IOL implant. Methodological consistency would have been 
optimal if the applanation A scan measurements were repeated, but for ethical reasons 
(minimal discomfort for the patients) the second measurement was performed using a 
non-contact technique. 

All surgery was performed by two surgeons (JTHNdeF/ MT-F-S). The IOL power was 
calculated using the SRK-T formula. Polymethylacrylate (PMMA) was used. The target 
postoperative refraction ranged from +1.0 to + 4.0 dioptres depending on the patient’s 
age and the refractive status of the fellow eye. 

We calculated the absolute axial eye growth in millimetres (mm) by subtracting the 
axial length at the time of the surgery from the axial length at the last follow-up visit.

We also calculated the rate of axial growth (RAG, introduced by Vasavada et al. 
in 200413). The RAG was calculated by first dividing the axial growth in mm by the 
preoperative (initial) axial length in mm and then multiplying this number with 100 (axial 
growth in mm/ initial axial length in mm x 100 %). 

We calculated the myopic shift as the spherical equivalent (SE) refraction at the last 
follow-up visit minus the SE refraction at 4 weeks after surgery in dioptres (D). 

The changes in keratometry values were calculated as the mean corneal curvature (K) 
at the last follow-up visit minus the mean corneal curvature at the time of the surgery 
in dioptres (D).

All outcome data of the operated eyes were compared with the outcome data of the 
fellow non-operated eyes. 

The students t test was used for statistical analysis. Values of p< 0.05 were considered 
statistically significant. 
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Results 

Patient characteristics
Details on the age, laterality, IOL, type of cataract and follow-up time are presented in 
Table 1. 

Change in axial length 
At the time of the surgery the axial length of the affected eyes (18.3±1.6 mm) was 
significantly (p=0.0003) shorter than in the fellow non-affected eyes (19.0±1.2 mm) in 
Group 1. The absolute change in axial length in the operated eyes (2.65±1.6 mm) was 
(borderline) significantly (p=0.049) smaller than the growth of the fellow non-operated 
eyes (2.92±1.21 mm; Table 2). Due to the small number of eyes implanted with an IOL 
in this age group, the influence of the IOL implantation on the axial elongation could not 
be ascertained.

In Group 2 the preoperative axial length of the affected eyes (22.4±1.9 mm) was not 
statistically significantly (p=0.33) different from that in the healthy fellow eyes (22.0±0.9 
mm). The absolute change in axial length in the operated eyes (0.66±0.86 mm) was not 

Table 1. Patient characteristics. Values are mean±SD unless stated otherwise. IOL: intraocular lens.

Characteristics	   Value	   	  

	   Group	  1,	  n=25	   Group	  2,	  n=20	  

Age	  at	  surgery	  

Range	  

4.8	  ±	  4.0	  

0.8,	  17.0	  months	  

4.1	  ±	  1.5	  

2.2,	  8.0	  years	  

Follow-‐up	  time	  (years)	  

Range	  (years)	  

4.3	  ±	  3.2	  

1.0,	  11.9	  

4.8	  ±	  2.6	  

1.8,	  11.1	  

Operated	  eye,	  n	  (%)	  

	  	  Right	  

	  	  Left	  	  

	  

17	  (68)	  

8	  (32)	  

	  

9	  (45)	  

11	  (55)	  

Primary	  IOL	  implanted,	  n	  (%)	  

	  	  	  Yes	  

	  	  	  No	  	  

	  

6	  	  (24)	  

19	  (76)	  

	  

20	  (100)	  

0	  (0)	  

Type	  of	  cataract,	  n	  (%)	  	  

	  	  Posterior	  	  	  

	  	  Nuclear	  	  

	  	  Lamellar	  	  

	  	  Other	  	  

	  

18	  (72)	  

5	  (20)	  

0	  (0)	  

2	  (8)	  

	  

14	  (70)	  

3	  (15)	  

0	  (0)	  

3	  (15)	  
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statistically significantly (p=0.12) different from that in the fellow non-operated eyes 
(0.96±0.69 mm).

Rate of axial growth (RAG) 
The RAG of the operated eyes was not statistically significant different from that in the 
fellow non-operated eyes in any group (p= 0.25 for Group 1, p= 0.10 for Group 2; Table 
2). 

Refractive outcome 
In Group 1 the mean myopic shift was statistically significantly (p=3.85x10-5) larger in 
the operated eyes (6.0±4.4 D) than in the fellow non-operated eyes (1.7±1.3 D; Table 3). 

In Group 2 the mean myopic shift was not statistically significant different (p=0.86) 
between the operated (1.0±1.46 D) and fellow non-operated eyes (1.1±0.96 D). 

Table 2. Axial growth. Values are mean±SD. AL: axial length; RAG: rate of axial growth.

	   Operated	  eye	   Fellow	  eye	   P	  value	  	  

Group	  1	  (<18	  months,	  n=25)	  

	  	  Preoperative	  AL	  (mm)	  

	  	  AL	  growth	  (mm)	  

	  	  RAG	  	  

	  

18.3	  ±	  1.6	  

2.65	  ±	  1.6	  

14.8	  ±	  9.0	  

	  

19.0	  ±	  1.2	  

2.92	  ±	  1.21	  

15.6	  ±	  6.8	  

	  

0.0003	  

0.049	  

0.25	  

Group	  2	  (>18	  months,	  n=20)	  

	  	  Preoperative	  AL	  (mm)	  

	  	  AL	  growth	  (mm)	  

	  	  RAG	  

	  

22.4	  ±	  1.9	  

0.66	  ±	  0.86	  

2.95	  ±	  3.55	  

	  

22.0	  ±	  0.9	  

0.96	  ±	  0.69	  

	  	  4.4	  ±	  3.1	  

	  

0.33	  

0.12	  

0.10	  

 

	   Operated	  eye	  	   Fellow	  eye	   P	  value	  	  

Group	  1	  (<	  18	  months,	  n=25)	  

	  	  SE	  4	  weeks	  postoperative	  (D)	  

	  	  SE	  at	  follow-‐up	  (D)	  

	  	  Myopic	  shift	  (D)	  

	  

22.0	  ±	  11.1	  

16.0	  ±	  11.1	  

6.0	  ±	  4.4	  

	  

1.8	  ±	  1.1	  

0.2	  ±	  0.8	  

1.7	  ±	  1.3	  

	  

	  

	  

3.85x10-‐5	  

Group	  2	  (>18	  months,	  n=20)	  

	  	  SE	  4	  weeks	  postoperative	  (D)	  

	  	  SE	  at	  follow-‐up	  (D)	  

	  	  Myopic	  shift	  (D)	  

	  

1.15	  ±	  1.27	  

0.13	  ±	  2.22	  

1.0	  ±	  1.46	  

	  

1.0	  ±	  0.73	  

-‐0.09	  ±	  1.06	  

	  1.1	  ±	  0.96	  

	  

	  

	  

0.86	  

 
Table 3. Refractive outcome. Values are mean±SD. SE: spherical equivalent.
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Keratometry 
In Group 1 the mean change in corneal curvature (K) was statistically significantly 
(p=0.02) larger in the operated eyes (2.97±6.68 D) compared to the fellow non-operated 
eyes (-1.18± 1.27 D; Table 4). 

In Group 2 the mean change in K in the operated eyes (-0.07±0.83 D) was not 
statistically significantly (p=0.14) different from that in the fellow non-operated eyes 
(0.83±2.46 D).

Discussion

Predicting the refractive outcome is one of the main remaining challenges for the long-
term care of children after cataract surgery. We did not find a difference in growth in 
paediatric eyes operated on for unilateral cataract when compared with the healthy 
fellow eyes within the same patient that would explain the wide range of refractive 
outcome. 

A number of other studies compared the axial length growth of the operated eyes 
with the axial length growth of the fellow non-operated eyes within the same patient. 

Leiba et al.8 found a tendency toward greater axial lengthening in operated eyes after 
unilateral congenital cataract extraction in nine children, age 0 to 9 years old at the time 
of the surgery, compared with their non-operated eyes (p=0.055). Rasooly and BenEzra10 
in their study suggested that unilateral aphakia after congenital or traumatic cataract is 
associated with excessive eye elongation of the operated eyes and that this might be 
related to amblyopia and poor vision. 

Inatomi et al.6 compared the two eyes within 15 children (5-15 years) after congenital 
or traumatic unilateral cataract surgery with implantation of an IOL. They found no 
difference in axial length elongation between the operated and fellow non-operated eyes 
(p> 0.5). In accordance with this Kora et al.14 found no significant difference between the 
postoperative increase in axial length in the operated eyes compared with the fellow 
non-operated eyes in their patient group of 16 children. 

Griener et al.4 studied the axial length growth of both eyes of 11 infants between 2 

	   Operated	  eye	   Fellow	  eye	  	   P	  value	  

Group	  1	  (<18	  months,	  complete	  data	  n=17/25)	  

	  	  Change	  in	  K	  (D)	  

	  

2.97	  ±	  6.68	  

	  

-‐1.18	  ±	  1.27	  

	  

0.02	  

Group	  2	  (>18	  months,	  complete	  data	  n=19/20)	  

	  	  Change	  in	  K	  (D)	  

	  

-‐0.07	  ±	  0.83	  

	  

0.83	  ±	  2.46	  

	  

0.14	  

 
Table 4. Keratometry values . Values are mean±SD. K: mean corneal curvature.
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and 4 months old operated and implanted with an IOL for unilateral congenital cataract. 
They suggested that there may be a reduction of axial growth in infantile eyes after 
cataract extraction and IOL implantation, based on their findings that in the majority 
(7/11) of their patients the mean axial growth in the operated eyes was less than in the 
fellow non-operated eyes. We calculated the RAG of these seven eyes and found (with 
the paired Student t test) that the RAG was not significantly different between their 
operated eyes and the fellow non- operated eyes (p=0.7). The axial length of these seven 
affected eyes at the time of surgery was shorter than the axial length of the fellow eyes, 
as in our study. 

In our younger patients the absolute axial length growth in the operated eyes is 
(borderline) statistically significantly less than the growth in the fellow non-operated 
eyes. This implies a restricted growth of the operated eye in these young patients. 
Yet the RAG of the operated eyes was not significantly different from the fellow non-
operated eyes. The smaller absolute growth (mm) can probably be explained by the fact 
that an eye that starts off smaller and has the same rate of growth does grow less when 
measured in millimetres, as also seen in the study by Griener et al. Vasavada et al.13 
introduced RAG in 2004. According to Vasavada et al., changes in axial growth are better 
expressed as percentage differences rather than as absolute differences in millimetres, 
especially when the base values (preoperative axial length) vary13. We feel that this is 
true for our study population where, preoperatively, the affected eyes in the younger 
age group were smaller than their fellow non- affected. A shorter preoperative axial 
length in the affected eyes in infants was reported earlier by Kugelberg et al. and Trivedi 
et al.15,16.

Although we did not find a different growth in paediatric eyes operated for unilateral 
cataract, we did find a large, statistically significant difference in myopic shift between 
the operated and non-operated eyes and a wide range of refractive outcome in children 
that were operated before the age of 18 months (Group 1). Furthermore we found a 
statistically significant difference in change of mean corneal curvature in these young 
children. 

Refractive changes in normal phakic eyes are influenced by changes in axial length, 
corneal curvature and lens growth. In a study by Mutti et al.17 modulation in the amount 
of axial growth in relation to initial refractive error appeared to be the most influential 
factor in emmetropisation of SE refractive error in normal paediatric eyes. In their study 
the cornea and crystalline lens lost substantial amounts of dioptric power, but neither 
appeared to play a significant role in emmetropisation. 

The myopic shifts in pseudophakic eyes are expected to be greater than those observed 
in normal eyes even if the axial growth follows the normal pattern. This increased myopic 
shift probably occurs because in the developing phakic eye progressive flattening of the 
crystalline lens reduces the refractive consequences of the axial elongation18. Flitcroft 
et al.3 reported that, with regard to the ocular growth patterns of the two oculometric 
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variables affecting the choice of IOL power (keratometry and axial length), the change 
in axial length appears to outweigh the progressive corneal flattening in eyes with 
paediatric cataract. They state that for operations as early as 4 weeks, using preoperative 
keratometry readings is likely to contribute an underestimate of the appropriate power 
for later life of only 2 D or so. We cannot confirm these findings.

Conclusions

We did not find a statistically significant difference in axial length growth between 
the operated eyes and fellow non-operated eyes in our unilateral paediatric cataract 
patients. Yet significant larger myopic shifts and changes in the mean corneal curvature 
were found in the operated eyes of children younger then 18 months at the time of 
the surgery. An improved knowledge of development of axial length, keratometry and 
lens changes in infants younger than 18 months may contribute to better IOL power 

calculation and prediction of post- operative refraction in this age group. 

Chapter 3
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Abstract

Purpose. To describe the long-term clinical outcome of Artisan® aphakia intraocular 
lens (IOL; Ophtec, Groningen, the Netherlands) implantation in five aphakic eyes of 
five children, without capsular support, after cataract extraction following penetrating 
ocular trauma. 
Methods. The charts of the five children were retrospectively reviewed. The data 
collected included follow-up time, nature of injury, age at cataract extraction and IOL 
implantation, visual outcome, endothelial cell counts, complications and subsequent 
surgical interventions. 
Results. Average follow up was 11.0 years (range 8.0- 14.6 years). All eyes had a 
corneal perforation with various degrees of anterior segment injury. Mean patient age 
at lens extraction was 7.8 years (range 5.6- 10.2 years). Mean age at Artisan aphakia 
IOL implantation was 7.9 years (range 5.7 – 10.2 years). The best spectacle-corrected 
visual acuity at last follow-up was 20/40 or better in four eyes. Mean endothelial cell 
loss compared with the healthy fellow eye was 40%. No patients experienced IOL 
dislocation, corneal decompensation, chronic anterior uveitis, cystoid macular oedema 
or iris atrophy. One eye had a retinal detachment 19 months after primary injury and 
needed vitreoretinal surgery.
Conclusions. The Artisan aphakia IOL offers a useful alternative for correction of traumatic 
childhood aphakia. Although we only have results of a small number of patients, taking 
into account our long follow-up period, we feel that implantation of the Artisan aphakia 
IOL can be considered a treatment option in aphakic eyes of children that lack capsular 
support due to trauma. 



59

Introduction

When capsular support is absent in traumatic paediatric aphakia, treatment with contact 
lenses is often preferred1. However, long-term results and compliance with contact lens 
wear in children with unilateral traumatic aphakia are disappointing and, secondary 
IOL implantation, when contact lens wear is unsuccessful, has been described2,3. 
Furthermore better binocular function seems to be achieved with IOLs when compared 
with contact lenses2,4. Anterior chamber IOLs, either angle-supported or iris-fixated, and 
scleral-fixated posterior chamber IOLs can be used in the absence of capsular support. 

Several reports on groups of patients with angle supported anterior chamber IOLs 
in traumatic paediatric aphakia have been published3,5-7. Due to the high incidence of 
secondary glaucoma, progressive pupil distortion, endothelial loss, and the limited 
experience with these IOLs in children, angle-supported IOLs have not gained widespread 
acceptance. 

Scleral-fixated IOLs are considered a more acceptable alternative for in the bag 
or ciliary sulcus implantation of posterior chamber IOLs, in the absence of capsular 
support in children5,8,9. However, in scleral-fixated IOLs concerns have been raised about 
the risk of conjunctival and scleral erosion of scleral sutures leading to infection or 
endophthalmitis, IOL tilt, dislocation of the lens in the vitreous cavity, vitreous or ciliary 
body haemorrhage, and secondary glaucoma10-12.  

We used the Artisan aphakia IOL (Ophtec, Groningen, the Netherlands), a PMMA 
anterior chamber iris-fixated lens originally designed in 1978 by Professor J.G. Worst, 
Groningen, the Netherlands. Four reports on successful implantation of this IOL for 
various indications in children can be found in the literature, all with a short follow-
up13-16. Previous authors emphasise the need for long-term follow-up of Artisan IOLs in 
children.

We present a series with long-term follow-up of the Artisan aphakia IOL in five eyes of 
five children for aphakia secondary to the extraction of traumatic cataract. The aim of this 
study was to retrospectively evaluate the long-term clinical outcome of Artisan aphakia 
IOL implantation in these patients. To our knowledge, this is the first publication with a 
mean follow-up of more than 10 years after Artisan aphakia IOL implantation in children.  

Subjects and methods

We performed a retrospective review of the records of all five children who underwent 
cataract extraction and unilateral Artisan IOL implantation between 1987 and 1997. All 
cataracts resulted from penetrating ocular trauma 

The nature of injury, the age of the patients at cataract extraction and IOL implantation, 
the visual outcome, the complications, and the subsequent surgical interventions were 

Chapter 4
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retrospectively evaluated. Photographs of the corneal endothelium were obtained at 
the last follow up visit in three of five patients (cases 2, 4 and 5). A noncontact auto-focus 
specular microscope (Topcon Corporation, Tokyo, Japan) was used. The endothelial cell 
counts of the operated traumatic eye were compared to the endothelial cell counts of 
the healthy fellow eye. We presumed that the endothelial cell counts of the two eyes 
of one person are equal (100%) when there is no history of any surgery or trauma. The 
number of endothelial cells in the operated traumatic eye was divided by the number 
of endothelial cells in the healthy fellow eye and subtracted from 100% to obtain the 
estimated percentage of cell loss of the operated eye compared with the healthy fellow 
eye. 

All implantation procedures were performed by one of the authors (NGM) under 
general anaesthesia. In three eyes a primary implantation was performed and in two 
eyes a secondary implantation was performed (Table 1). 

In the case of primary implantation the traumatic corneal perforation was closed with 
interrupted 10.0 nylon sutures. The cataract was removed using irrigation and aspiration, 
through a limbal corneoscleral incision. Intraocular miotics were administered and the 
Artisan aphakia IOL was inserted after enlargement of the corneoscleral incision to five 
millimetre (mm). In the case of secondary implantation miotic drops were administered 
preoperatively. The Artisan aphakia IOL was inserted through a five mm limbal 
corneoscleral incision. 

In both procedures a special forceps (Ophtec) or a bent needle was used to enclavate 
the iris in the claws of the lens. Two paracenteses were made for this purpose. 

Healon® (Pharmacia, Uppsala, Sweden) was used to protect the corneal endothelium 
in all cases. An iridectomy was made in all eyes to prevent pupillary block. The incision 
was closed with interrupted 10.0 nylon sutures. Routinely subconjunctival antibiotics 
and steroids were given. Postoperatively all patients received topical steroids, antibiotics 
and mydriatics, for four to eight weeks.

A 5 mm optic Artisan aphakia IOL with a total diameter of 8.5 mm was implanted 
(Figure 1). The IOL power was calculated using the method published by Binkhorst and 
van de Heijde in 197617,18  using ultrasound A- scan and keratometry of the traumatic eye 

Table 1. Characteristics F: female; M: male; CE: cataract extraction; IOL: intraocular lens

 

Patient	   Sex	   Eye	   Type	  of	  injury	   Length	  of	  corneal	  
scar	  (mm)	  

Age	  at	  CE	  
(yr)	  

Interval	  between	  CE	  and	  
IOL	  implantation	  

(mo)	  

Follow-‐up	  period	  
after	  IOL	  implantation	  

(yr)	  
1	  
	  

F	   OD	   Skewer	   unknown	   6.8	   0	   12.2	  

2	  
	  

M	   OS	   Arrow	   8.0	   5.6	   1	   14.6	  

3	  
	  

M	   OS	   Copper	  wire	   unknown	   7.5	   0	   11.9	  

4	  
	  

M	   OS	   Glass	  splinter	   3.2	   8.7	   9	   8.5	  

5	   F	   OD	   Fire	  cracker	   7.0	   10.2	   0	   8.0	  
Mean	   	   	   	   	   7.8	   4.5	   11.0	  
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and fellow eye. The target refraction and the power of the implanted IOLs can be found 
in Table 2. 

Results

Information on age, gender, cause of injury and laterality is presented in Table 1. The 
mean follow-up period was 11.0 years (range, 8.0- 14.6 years). Information on visual 
acuity and refraction can be found in Table 2.

Figure 1. Example of the Artisan aphakia IOL in Patient 2.

Table 2. Clinical results. SE: spherical equivalent; D: dioptre; BSCVA: best spectacle-corrected visual acuity.

 
Patient	  

	  

IOL	  power	  

(D)	  

Postoperative	  	  

refraction	  aim	  

(SE)	  

SE	  2	  months	  

postoperative	  

(D)	  

Final	  SE	  (D)	   BSCVA	  

Traumatic	  eye	  

at	  last	  follow-‐up	  

Complications	   Other	  

procedures	  

1	  

	  

+	  19.5	   Unknown	   +2.0	   Emmetropia	   20/16	   Fibrinous	  

uveitis	  

No	  

2	  

	  

+	  21.0	   0	   -‐1.0	   -‐3.5	   20/100	   Retinal	  

detachment	  

Vitreoretinal	  

surgery	  

3	  

	  

+	  23.0	   +1.5	   -‐2.0	   -‐5.0	   20/30	   No	   No	  

4	  

	  

+	  20.0	   -‐1.5	   -‐0.5	   -‐6.5	   20/40	   Vitreous	  strand	  

to	  incision	  

ndYAG	  laser	  

5	   +	  21.0	   +1.0	   -‐1.0	   -‐2.5	   20/40	   Fibrinous	  

uveitis	  

No	  
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A cosmetically apparent strabismus was not observed in any of the children. Four of 
five patients (80%; Cases 1,2,3 and 4) demonstrated binocular single visual acuity, tested 
with plate IV of the TNO test. In one patient (Case 5) stereopsis was not tested.

One patient (Case 3) complained of diplopia one month after secondary Artisan 
aphakia IOL implantation due to a sensory intermittent esotropia. This was successfully 
treated with temporary prisms. After discontinuation of prisms, binocular single visual 
acuity was still present. 

Table 3 provides details on the endothelial cell counts. 
No major intraoperative or postsurgery complications occurred. No eyes were lost 

and all eyes achieved a visual acuity of at least 20/100. 
In three patients minor postoperative complications occurred. Short-term fibrinous 

uveitis was noted in two eyes (Cases 1 and 5) in the first postoperative month, 
successfully treated with topical steroids. One eye (Case 4) had a vitreous strand in the 
anterior chamber that was severed using NdYAG laser several months after surgery. 

One of five patients (Case 2) developed a retinal detachment 18 months after Artisan 
aphakia IOL implantation, 19 months after the initial trauma, which included a corneal 
laceration of 8 mm, a partial traumatic aniridia and a choroidal rupture. This eye 
underwent four vitreoretinal procedures in the two following years to attach the retina. 
Nevertheless the final best-corrected visual acuity was 20/100 (Table 2).

Discussion 

In the absence of capsular support, several options are available for the surgical 
correction of traumatic aphakia. One of these is the implantation of the Artisan aphakia 
IOL. Despite more than ten years of favorable clinical experience with this IOL in the 
Netherlands and elsewhere, very few studies on the use of the Artisan IOL in adults or 
children for this indication have been published. We report the long-tem outcome of this 
IOL in a paediatric age group.

 Possible causes of concern in anterior chamber IOLs are dislocation, corneal 

Table 3. Endothelial cell counts. No information was available for cases 1 and 3. 

 

Patient	  	   Endothelial	  cell	  count	  
operated	  eye	  	  
(cells/	  mm²)	  

Endothelial	  cell	  count	  
fellow	  eye	  (cells/	  

mm²)	  

Cell	  loss	  
operated	  eye	  
compared	  to	  
fellow	  eye	  (%)	  

Follow	  up	  (yr)	  

2	  
	  

1.620	   2.872	   44	   14.6	  

4	  
	  

1.349	   2.881	   53	   8.5	  

5	  
	  

1.972	   2.542	   22	   8.0	  

Mean	   1.647	   2.765	   40	   10.4	  



63

decompensation, chronic anterior uveitis, cystoid macular edema and iris atrophy. We 
did not encounter any of these complications after a mean of 11.0 years follow-up. 

In 1996 van der Pol and Worst16 described the results of Artisan aphakia IOL 
implantation in 38 eyes of aphakic children due to cataract of various origins. The IOL’s 
were implanted in the period from 1980 to 1992. The follow-up period was not reported. 
Worst observed a relatively high rate of lens dislocations, which he attributed to the rigid 
claws in the older lens design. The manufacturer solved this problem during the mid-
1980s. In our study, using the improved lens design, IOL dislocation was not observed. 

Visual acuity in four of five eyes in our study ranged from 20/40 to 20/16. Kumar et al.10 
report in their study a subgroup of eight eyes with traumatic cataract and scleral-fixated 
IOL implantation. Visual acuity ranged from 20/80 to 20/20. This is in accordance with our 
findings. However in their study suture erosion occurred in two cases, cystoid macular 
edema in two cases and glaucoma in one case. These are well known complications in 
scleral-fixated IOLs. None of these complications was observed in our patients.

No corneal edema was found in our patients. The eyes with an Artisan IOL showed 
a substantially lower endothelial cell count compared with the healthy fellow eye. The 
mean endothelial cell loss, compared with the fellow eye, in our patients was 40%. Kora 
et al.19 found a mean cell loss of 44% in five eyes of five children with traumatic cataract, 
mean age 9.9 years, with a mean follow up of 6.8 years after implantation of a posterior 
chamber IOL. We reported earlier on endothelial cell counts in six eyes of children 
with traumatic cataract that were compared with endothelial cell counts of three eyes 
of children with congenital cataract. The substantial cell loss in eyes after surgery for 
traumatic cataract seems to be primarily caused by damage due to the perforating 
trauma and not by the presence of the Artisan aphakia IOL20. Three of the six patients 
with traumatic cataract (Cases 2,4 and 5; only those children who received a standard 
Artisan IOL model and not a custom made model) are included in this present study.

Photographs of the endothelium were obtained at last follow-up in this present 
study. Serial cell counts were not available. For further studies on the Artisan aphakia 
IOL we recommend serial endothelial cell counts to detect possible progressive cell 
loss. 

Anterior segment trauma is accompanied by considerable damage and endothelial 
cell loss as reported previously. The need for long-term follow-up of the Artisan IOL in 
children, as stressed by various authors, has been addressed by our study. Our long-term 
results in five patients show that the Artisan aphakia IOL can be a useful alternative in 
the repair of paediatric traumatic aphakia and can be considered a treatment option in 
aphakic eyes of children that lack capsular support due to trauma. 

Chapter 4
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Abstract

Purpose. To describe the long-term clinical results of the implantation of the Artisan Iris 
Reconstruction intraocular lens (IOL) in five eyes of five children for aphakia and partial 
aniridia attributable to penetrating ocular trauma.
Methods. The charts of five children were retrospectively reviewed. The nature and 
the extent of injury; age at IOL implantation; visual, refractive, and cosmetic outcome; 
endothelial cell density; and complications and subsequent surgical interventions were 
evaluated.
Results. Mean follow-up period was 8.9 years (range, 4.9- 12.4). Mean age at implantation 
of the Artisan Iris Reconstruction IOL was 9.5 years (range, 7.7– 12.7). Visual acuity 
improved in two of five eyes, remained stable in two of five eyes and decreased in one 
of five eyes. Complaints of photophobia were reduced, and a satisfactory cosmetic 
outcome was achieved in three of five patients. The mean spherical equivalent refractive 
error at last follow-up was -4,0 dioptres. Mean endothelial cell loss when compared with 
the healthy fellow eye was 42%. Two cases were complicated by partial luxation of the 
IOL, one case by persistent anterior uveitis and secondary glaucoma. One eye developed 
a retinal detachment.
Conclusions. The Artisan Iris Reconstruction IOL is a treatment option for the treatment 
of aniridia and aphakia due to penetrating ocular trauma in children. We emphasise 
the high-risk characteristics of the eyes treated and the importance of careful patient 
selection in the outcome of the implantation of the Artisan Iris Reconstruction IOL.  
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Introduction

An intact iris diaphragm is important for accurate visual function. Symptoms of traumatic 
aniridia include a decreased visual function, incapacitating glare, photophobia, and 
concerns about cosmetic appearance. Several treatment options to overcome these 
problems have been described and include iridoplasty, coloured contact lenses, corneal 
tattooing, and IOLs of various designs. Some iris defects may be too large to repair with 
the use of suturing. Coloured contact lenses may not be tolerated, and the reduction of 
complaints caused by glare may be insufficient1. Corneal tattooing causes a permanent 
opacity, which reduces the visibility of the posterior segment. In addition, long-term 
stability is unpredictable2. In traumatic aniridia, the eye’s anterior segment is severely 
injured, which frequently is associated with cataract or aphakia. Implantation of an IOL 
with an iris prosthesis offers the physician the opportunity to correct the iris defect and 
aphakia simultaneously. 

We present the long-term clinical outcome of the implantation of the Artisan® Iris 
Reconstruction IOL (Ophtec, Groningen, the Netherlands) in five eyes (of five children) 
with aphakia and partial aniridia caused by penetrating ocular trauma, with a mean 
follow-up period of 8.9 years (range, 4.9-12.4 years). The Artisan Iris Reconstruction 
IOL was designed for anterior segment reconstruction of eyes in which asymmetric 
iris damage has occurred. The Artisan Iris Reconstruction IOL is a tailor-made 
polymethylmethacrylate (PMMA) IOL with a coloured iris diaphragm to treat aphakia as 
well as photophobia. These lenses are available in various dioptric powers and colours 
(brown, blue, green, and black).

Subjects and methods

Five children with aphakic eyes and partial aniridia caused by previous penetrating 
ocular trauma received an Artisan Iris Reconstruction IOL in our clinic between 1987 
and 1997. The charts of these five children were retrospectively reviewed. The nature 
and the extent of the injury; the age at IOL implantation; the visual, refractive and 
cosmetic outcome; and the complications and subsequent surgical interventions were 
retrospectively evaluated. 

Images of the corneal endothelium with a noncontact, auto-focus specular microscope 
(Topcon Corporation, Tokyo, Japan) were available in three of five patients (cases 1, 2, 
and 4). The endothelial cell counts of the operated traumatic eye were compared with 
the endothelial cell counts of the healthy fellow eye. We presumed that the endothelial 
cell counts of the two eyes of one person are equal (100%) when there is no history of 
any surgery or trauma3. The number of endothelial cells in the operated traumatic eye 
was divided by the number of endothelial cells in the healthy fellow eye and subtracted 
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from 100% to obtain the estimated percentage of cell loss of the operated eye compared 
with the healthy fellow eye. 

The lenses we used, were tailor-made using photographic documentation of the 
traumatic and the fellow eye. Pictures were sent to the Ophtec Laboratories, where the 
lens was designed. There, the size and claw position to the damaged iris was adjusted 
and the best matching from the four possible colours was chosen (Figure 1).

For details on colour, number of claws, and size of the IOLs, see Table 1. 

Figure 1. (A) corneal scar, traumatic mydriasis, and aphakia in Case 2. (B) Design of the custom-made Artisan 

Iris Reconstruction IOL. (C) Detail of the Artisan Iris Reconstruction IOL, implanted in the eye. (D) Cosmetic 

appearance after implantation of the IOL in the left eye.

Table 1. injury and IOL characteristics mm: millimetre; IOL: intraocular lens; D: dioptre. 

  
 
 

 
 
 
 
 

Patient	   Injury	  
Iris	  defect	  

in	  clock	  position	  
Lenght	  of	  corneal	  scar	  

(mm)	  
IOL	  color	  

Maximal	  lens	  
diameter	  

	  	  (mm)	  

Minimal	  lens	  
diameter	  
(mm)	  

Optic	  
diameter	  
(mm)	  

Number	  	  
of	  claws	  

IOL	  power	  
(D)	  

1	  	   Wooden	  stick	   1	   8	   Blue	   8.5	   7.5	   4.0	  	   2	   +22.0	  

2	  	  	   Wooden	  stick	  
Traumatic	  
mydriasis	  

12	   Brown	   8.5	   8.5	   4.0	   3	   +24.0	  

3	  	  	   Pebble	   4	   8	   Brown	   7.0	   5.0	   3.0	   2	   +18.0	  

4	  	  	   Pocket	  knife	   4	   6	   Brown	   7.5	   6.0	   4.0	   3	   +20.0	  

5	  	  	   Glass	  splinter	  	   5-‐6	   12	   Green	   7.5	   6.5	   4.0	   2	   +21.0	  
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Before implantation of the Artisan Iris Reconstruction IOL, the patients were contact 
lens intolerant (Cases 1, 2, and 4) and/or suffered from photophobia (Cases 2, 3, 4, and 
5) and/or had concerns about their cosmetic appearance (Cases 1 and 5).  

All implantation procedures were performed by one surgeon (NGM). Acetylcholine 
was administered preoperatively. The conjunctiva was opened at the superior limbus 
and the anterior chamber was approached through a corneoscleral incision. The size 
of the incision was adjusted to the smallest diameter of the custom-made implant, 
varying from 5 to 8.5 mm. Sodium hyalunorate (Healon, AMO, Santa Ana, CA, USA) 
was used to protect the corneal endothelium. The lens was inserted, rotated into the 
desired position, and attached to the remaining iris with a bent needle or an enclavation 
forceps (Ophtec) through limbal paracenteses. The location of the limbal paracenteses 
depended on the location of the claws of the custom-made implant.  An iridectomy 
was made in selected cases to prevent pupillary block. The wound was closed with 
interrupted 10-0 nylon sutures. Subconjunctival Celestone (Schering-Plough, Madison, 
NJ, USA), and ChronoDose (Chrono Therapeutics, Inc., Trenton, NJ, USA), and gentamicin 
were administered. Postoperatively, all patients received topical steroid, antibiotic 
and mydriatic eye drops. The IOL power was calculated using the method described 
by Binkhorst and van der Heijde in 19764,5, with the use of ultrasound A-scan and 
keratometry of the traumatic eye and fellow eye. The IOL power ranged from 18 to 24D 
(Table 1).

Results

All eyes had a perforating trauma from various objects. The length of the corneal scar 
varied from 6 mm to 12 mm, the iris injury from a traumatic mydriasis to a 5- to 6 o’clock 
defect. One green, one blue, and three brown lenses were implanted (for more IOL 
details, see Table 1).

The mean follow-up period was 8.9 years (range, 4.9-12.4). The mean age at 
implantation of the Artisan iris reconstruction IOLs was 9.5 years (range, 7.7-12.7). 
Information about patients’ sex and laterality appears in Table 2. Visual acuity improved 
in two of five eyes, remained stable in two eyes, and decreased from counting fingers 
to hand movements in one eye. The final best spectacle-corrected visual acuity is given 
in Table 3. The mean spherical equivalent refraction error at last follow-up was −4.0 D 
(range, −4.5 D to −3.25 D; Table 3).

At last follow-up, the iris reconstruction IOL was still in place in three patients (Cases 
1, 2, and 4). They used sunglasses in the summer but did not report photophobia. These 
three patients also mentioned a satisfactory cosmetic outcome. Although initially the 
results were good (both cosmetic and regarding the photophobia) in Case 3, the IOL 
luxated spontaneously and was replaced by an Artisan aphakia IOL (Ophtec, Groningen, 
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the Netherlands). Because of urgent surgery, no custom-made IOL was available at the 
time. In Case 5, the IOL was exchanged for an Artisan aphakia IOL because of a poor 
cosmetic result attributable to a difference in pupillary diameter and a difference in iris 
colour between the two eyes.

The endothelial cell density in three operated eyes (Cases 1, 2, and 4) ranged from 
1197 to 1967 cells/mm2 (mean, 1648 cells/mm2) and in the fellow eye from 2773 to 2894 
cells/mm2 (mean, 2832 cells/mm2). The mean endothelial cell loss, when compared with 
the nontraumatic, nonoperated fellow eye, was 42% (range, 29–58%) after a mean follow-
up of 10.4 years (range, 8.2-12.4 years; Table 4). Comparable percentages of endothelial 
cell loss in paediatric eyes after traumatic cataract extraction and IOL implantation were 
reported by Kora et al.6 and Sminia et al.7.

In two patients (Cases 1 and 2), no complications were observed. In two patients (Case 
3 and 4), one claw of the iris reconstruction IOL luxated. In Case 3, one claw of the IOL 
luxated 2.5 years after implantation. The claw could not be reattached. It was exchanged 

   
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Patient	  	   Sex	   Eye	  
Age	  at	  CE	  	  

(years)	  

Interval	  between	  	  
CE	  and	  IOL	  implantation	  

(years)	  

Follow-‐up	  period	  	  
(years)	  

1	  	  	   M	   OS	   7.7	   5.0	   12.4	  

2	  	  	   M	   OS	   6.2	   2.9	   10.6	  

3	  	  	   M	   OD	   6.4	   1.2	   8.3	  

4	  	  	   M	   OS	   6.9	   2.8	   8.2	  

5	  	  	  	   F	   OD	   7.4	   1.0	   4.9	  

Mean	   	   	   6.9	   2.6	   8.9	  

Table 2. Patient characteristics F: female; M: male; OD: right eye; OS: left eye; CE: cataract extraction; IOL: 

intraocular lens.

 

Patient	   Preoperative	  
BSCVA	  

Final	  
BSCVA	  

Final	  SE	  (D)	   Complications	   Other	  procedures	  

1	   20/80	   20/30	   -‐4.5	   No	   No	  

2	   20/200	   20/200	   -‐3.25	   No	   No	  

3	   20/400	   20/400	   -‐	   -‐	  luxation	  of	  claw,	  twice	  
-‐	  retinal	  detachment	  

-‐	  IOL	  exchange	  
-‐	  vitreoretinal	  surgery	  

4	   20/200	   20/100	   -‐4.25	   -‐	  luxation	  of	  claw	  
after	  blunt	  trauma	  

-‐	  re-‐enclavation	  of	  claw	  

5	   CF	   HM	   -‐	   -‐	  poor	  cosmetic	  result	  
-‐	  prolonged	  uveitis	  
-‐	  high	  IOP	  
-‐	  keratopathy	  

-‐	  IOL	  exchange	  
-‐	  glaucoma	  surgery	  

Table 3. Clinical results. BSCVA: best-spectacle corrected visual acuity; SE: spherical equivalent; CF: counting 

fingers; HM: hand movements; IOP: intraocular pressure.
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for an Artisan aphakia IOL at the time of surgery. One claw of this Artisan aphakia IOL 
also luxated two years and three months later. As the result of poor patient compliance, 
the claw could not be replaced immediately. Three months later, a rhegmatogenous 
retinal detachment was diagnosed. The claw was reattached and, in the same surgical 
session, vitreoretinal surgery was performed. The patient underwent three additional 
vitreoretinal procedures, including injection with silicon oil. At last follow-up, 3.5 years 
later, the standard Artisan aphakia IOL was still in place and the retina was attached. In 
Case 4, one of the claws luxated four years after implantation as the result of a blunt 
trauma (ie, finger in the eye). The claw was reattached surgically, and the IOL remained 
in place at last follow-up, ie, four years later.

In one patient (Case 5), a persistent anterior uveitis and a raised intraocular pressure 
of up to 30 mm Hg occurred during the first postoperative year. This eye had the 
most severe initial anterior segment damage of all patients in this study, including a 
corneoscleral scar of 12 mm, extending into the sclera at both sides of the cornea. 
Because of difference in colour and pupil diameter between the iris reconstruction 
implant and the iris of the fellow eye, the cosmetic results were unsatisfactory in this 
patient. The Artisan Iris Reconstruction implant was exchanged for an Artisan aphakia 
IOL one year after implantation. At the same time goniotomy was performed. Finally, 
this eye developed calcific band keratopathy, which resulted in a decrease of the visual 
acuity. The intraocular pressure remained below 20 mm Hg without further treatment. 
The patient and her parents chose to not have further surgical treatment. At last follow-
up, four years later, the Artisan aphakia IOL was still in place.

Discussion 

In 2003 Hanumanthu et al.8 published the first case report on traumatic aniridia and 
aphakia treated with an Artisan Iris Reconstruction IOL, with encouraging results and 
a follow-up of 10 months. We report on the same implant in children, with a follow-up 
of at least 4.9 years. The Artisan aphakia IOL has a unique design in that it is attached 
to the midperipheral iris stroma by means of claws and therefore does not need angle 

Patient	  	  	   Endothelial	  cell	  count,	  

traumatic	  operated	  eye	  

(cells/	  mm²)	  

Endothelial	  cell	  count,	  

fellow	  eye	  

(cells/	  mm²)	  

Endothelial	  cell	  loss	  (%)	   Follow-‐up	  (years)	  

1	   1779	   2894	   39	   12.4	  

2	   1197	   2830	   58	   10.6	  

4	   1967	   2773	   29	   8.2	  

Mean	   1648	   2832	   42	   10.4	  

 
Table 4. Endothelial cell counts. No information was available for Cases 3 and 5. 
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support, pupil fixation, or transscleral sutures. Sulcus-sutured IOLs are considered a 
more acceptable alternative for ciliary sulcus implantation of posterior chamber IOLs, 
in the absence of capsular support in children9-12. However, in sulcus-sutured IOLs 
concerns exist about the risk of conjunctival and scleral erosion of scleral sutures leading 
to infection or endophthalmitis, IOL tilt, vitreous, or ciliary body hemorrhage, and 
secondary glaucoma13-15. To the best of our knowledge, no data are available longer than 
three years after implantation of sulcus-fixated posterior chamber IOLs in children.

In the current literature, there are promising reports16-24 of black iris diaphragm 
posterior chamber IOLs for the treatment of congenital or traumatic aniridia in 
adults. In 1994 Sundmacher et al.21 first reported on black iris diaphragm aphakia IOL 
(Morcher GmbH) implantation for correction of traumatic and congenital aniridia. 
They encountered persistent low-grade anterior segment inflammation and secondary 
glaucoma. Thompson et al.24 reported a series of seven patients, using a modified 
design, smaller, black iris diaphragm aphakia IOL (Morcher GmbH) for traumatic aniridia. 
Of these cases, two developed secondary glaucoma requiring trabeculectomy. One case 
developed infectious endophthalmitis, and another case was complicated by persistent 
postoperative inflammation and a vitreous and anterior chamber hemorrhage. Burk et 
al.16 described Morcher artificial iris implants of various designs, some of which included 
IOL power integrated into the implant, for treating aniridia of various origin. In one of 
seven eyes, implanted with a single piece black diaphragm IOL, persistent uveitis was 
reported. In our study one case was complicated by prolonged postoperative anterior 
uveitis and secondary glaucoma. The glaucoma was surgically treated.

Pozdeyeva et al.25 report the results of a posterior chamber iris-lens diaphragm 
in 20 eyes of adult patients with aniridia and aphakia. Their most complicated cases 
were among six eyes in which transscleral sutures were used. They report one case of 
intraoperative vitreous hemorrhage, two cases of postoperative hyphema, one case of 
chronic low grade inflammation, and one case of cystoid macular edema. The mean 
follow-up in this series was six months.

In anterior chamber IOLs, as the Artisan Iris Reconstruction IOL, concern exists about 
corneal endothelial cell loss. In our series three of five eyes for which data were available 
showed a substantially lower endothelial cell count compared with the normal fellow 
eye. Photographs of the endothelium were obtained at last follow-up. Serial cell counts 
were not available. We recommend serial endothelial cell counts to detect possible 
progressive cell loss for further studies on the Artisan Iris Reconstruction IOL.

The Artisan Iris Reconstruction IOL can be used in the absence of capsular support 
with significant traumatic aniridia. This means that the IOL can be used for eyes with 
severe anterior segment injury. One should take into account that any eye in need for 
such repair has a history of extensive perforating trauma and a risk of late complications 
regardless of IOL implantation. Even for an experienced surgeon it can be difficult to 
judge the feasibility to attach the claws of the lens to the remaining iris tissue. In our 
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patient group, two claws luxated at least two years after implantation. One occurred 
spontaneously (Case 3); the other resulted from a blunt trauma (Case 4). In retrospect, 
we may conclude that most of the iris tissue in Case 3 was too atrophic for inclavation in 
the claws, leading to luxation of the Artisan Iris Reconstruction IOL. To reduce the risk of 
traumatic dislocation of the IOL, protective spectacle wear should be advised in contact 
sports.

Our long-term clinical outcome shows that the Artisan Iris Reconstruction IOL is a 
treatment option for the treatment of aniridia and aphakia caused by penetrating 
ocular trauma in children. The main problem in our patient group appeared to be the 
rate of complications. Partial luxation of the IOL occurred in two cases; one case was 
complicated by persistent anterior uveitis and secondary glaucoma; one eye developed 
a retinal detachment. We emphasize the high-risk characteristics of eyes treated with 
this IOL, due to the severe initial anterior segment trauma. Careful patient selection and 
the surgeon’s experience with patient selection and insertion of the IOL are considered 
important factors in the outcome of the implantation of the Artisan Iris Reconstruction 
IOL.
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Abstract

Purpose. To retrospectively estimate the long-term corneal endothelial cell loss in children 
after perforating corneal trauma and implantation of an iris-fixated anterior-chamber 
intraocular lens (IOL), either the Artisan aphakia lens or the Artisan Iris Reconstruction IOL, 
and to compare this corneal endothelial cell loss to that in children who received an Artisan 
aphakia lens to correct aphakia after cataract extraction for unilateral congenital cataract. 
Methods. A retrospective study was performed, evaluating the charts and 
endothelial photographs of six patients with unilateral traumatic cataract, with 
a mean age at IOL implantation of 9.5 years (range, 5.8-12.8 years) and a mean 
follow-up after IOL implantation of 10.5 years (range, 8.0-14.7 years), and of three 
children who were operated on for unilateral congenital cataract at a mean age of 
2.7 years and who received an Artisan aphakia IOL, with a mean follow-up after IOL 
implantation of 9.5 years (range, 4.7-14.5 years). Parameters that were studied 
were central endothelial cell density (CECD) in both the operated and the normal 
eye at the last follow-up visit, percentage of cell loss in the operated eye compared 
with the normal eye, and length and location of the corneal scar in the injured eye. 
Results. In the traumatic cataract group, CECD was, on average, 41% (range, 22%-
58%) lower in the operated eye (1.647 ± 322 [SD] cells/mm2) than the normal 
eye (2.799 ± 133 cells/mm2). A significant negative linear correlation was found 
between the length of the corneal perforation scar and CECD. In the congenital 
cataract group, no statistical difference in CECD was found between the operated 
(3.323 ± 410 cells/mm2) and the unoperated (3.165 ± 205 cells/mm2) eye.
Conclusions. Endothelial cell loss 10.5 years after iris-fixated IOL implantation for 
traumatic cataract was substantial and related to the length of the corneal scar of the 
original trauma. In children operated on for congenital cataract, no difference was 
found in CECD in the operated and unoperated eyes 9.5 years after Artisan aphakia IOL 
implantation.
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Introduction

For the surgical correction of traumatic aphakia, several options are available. One of 
these is the Artisan aphakia intraocular lens (Ophtec, Groningen, the Netherlands). 
Despite more than ten years of favourable clinical experience with this intraocular lens 
(IOL) in the Netherlands and elsewhere, very few studies on the use of the Artisan lens 
for this indication have been published1-6. In phakic eyes, uncertainty exists on the long-
term safety of this iris-fixated anterior-chamber lens to the corneal endothelium 7-11. 
Because several studies have shown that endothelial cell loss after intraocular surgery 
continues at a higher rate than the normal age-related cell loss rate12,13, safety with regard 
to the corneal endothelium is even more important in the paediatric age group than 
in adult patients. Only a few studies have been published on the corneal endothelium 
after IOL implantation in children, and only three of these were published in the last ten 
years14-20. For this reason, we performed a retrospective follow-up study on the corneal 
endothelium in children with monocular traumatic aphakia, corrected with an Artisan 
lens. We compared the endothelial cell parameters in the injured eye to those in the 
normal eye of the same patient and correlated the amount of cell loss in the injured eye 
compared with the normal eye to the length of the scar of the original traumatic corneal 
perforation. We also compared these results with endothelial cell counts in children 
with an Artisan aphakia lens in only one eye after cataract extraction for monocular 
congenital cataract, without a history of trauma.

Materials and methods

We retrospectively studied the charts of ten patients, three girls and seven boys, who 
were operated on for unilateral penetrating ocular injury requiring cataract extraction 
under the age of 14 years and who also underwent Artisan lens implantation, either at 
the time of the primary surgery or as a secondary procedure. All ten eyes underwent 
cataract extraction (CE) through irrigation and aspiration at the time of surgical repair of 
the corneal laceration. Five of ten patients received a standard Artisan aphakia lens: one 
patient during the primary surgical procedure and in the remaining four as a secondary 
procedure. Surgical technique of implantation of an aphakia Artisan IOL is similar to the 
technique in phakic Artisan IOL implantation and has been described elsewhere1,2,4-9. 
The other five patients received an individually designed iris-fixated Artisan lens with 
a coloured iris diaphragm to treat photophobia caused by traumatic partial aniridia or 
traumatic mydriasis and aphakia: the custom-made Artisan Iris Reconstruction IOL. In 
six of these ten patients with unilateral traumatic cataract, photographs of the central 
corneal endothelium were available of both eyes: these patients were included in the 
study. Clinical results and complications in these patients are described in Table 1.
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The Artisan Iris Reconstruction IOL was designed using an anterior-segment photograph 
of the affected eye and information from the surgeon indicating the preferred location 
of the “claws” because atrophic iris tissue is not suitable as fixation site (see Figure 1 for 
an example of an eye with an Artisan Iris Reconstruction IOL). Both the standard aphakia 
IOL and the Iris Reconstruction IOL are made of polymethylmethacrylate (PMMA) 
material; the standard aphakia IOL is totally transparent, and in the Iris Reconstruction 
IOL, the central optic part is transparent. For the peripheral part, a choice can be made 
between four colours: black, blue, green, and brown. The pigment is molecularly bound 
in the PMMA. The size of all Artisan aphakia IOLs used in patients in this study was 5 × 
8.5 mm, 5 mm being the diameter of the optic. The smallest diameter of the Artisan Iris 
Reconstruction IOL varied from 6 to 8.5 mm; the largest diameter was 8.5 mm. Diameter 
of the optic was 4 mm. All IOLs were implanted through a corneoscleral incision with 
a size corresponding to the smallest diameter of the IOL. The claws each were fixated 
(or “inclavated”) by grasping a piece of midperipheral iris and pulling it into the claw 
by special toothed forceps or by using a bent needle to push some iris tissue into the 
claw. The forceps or bent needle was introduced into the eye through separate side 
ports and not through the main incision. Healon was used in all cases. No additional 
iris sutures were used. Implanting the Artisan Iris Reconstruction IOL requires more 
skill than implanting a standard Artisan aphakia IOL because it is mandatory to avoid 
excessive manipulation of the iris in these already severely damaged eyes and to avoid 
atrophic parts of the iris in placing the claws.

The endothelial photographs were made with a non-contact auto-focus SP2000P 
specular microscope (Topcon Corp., Tokyo, Japan), after an average follow-up period of 
10.5 years after IOL implantation. All images were analyzed using Imagenet 2000 software 
(Topcon Corp.). Using this program, the cell borders were corrected interactively by one 
of the authors (M.Th.P.O.) before endothelial cell parameters were computed.

We wanted to know whether the size and location (central or not central) of the 
corneal laceration was related to the amount of endothelial cell loss in these eyes. The 
size of the corneal scar had been measured in all eyes at a follow-up visit by aligning 
the slit beam of the slit lamp to the corneal scar and using the slit length indication on 
the Haag Streit BQ slit lamp (Bern, Switzerland) to estimate the size of the scar. The 
location of the scar was documented by drawings in the charts, and in most cases, was 
documented by anterior-segment photography as well.

We also wanted to find out whether the endothelial cell loss should be attributed 
to the presence of the Artisan lens or to the original trauma and the subsequent repair 
surgery, including lens aspiration. Therefore, we retrospectively examined the endothelial 
photographs of three children who were operated on for unilateral congenital cataract in 
our clinic at a mean age of 2.7 years and received an Artisan aphakia lens, with a mean 
follow-up of 9.5 years after lens implantation (see Figure 2 for an example of an eye of 
a child with a standard Artisan aphakia IOL). All patients were operated on by the same 
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Figure 1. Example of an eye with an Artisan Iris Reconstruction IOL: left eye of patient 4.

Figure 2. Typical appearance of an eye with the standard Artisan aphakia IOL.
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Patient	  
Sex	  

Eye	  
Type	  of	  A

rtisan	  aphakia	  lens	  
A
ge	  at	  CE	  (yr)	  

Interval	  betw
een	  

CE	  and	  IO
L	  

im
plantation	  (yr)	  

Follow
-‐up	  period	  

after	  IO
L	  

im
plantation	  (yr)	  

Location	  of	  scar	  
(central	  or	  not	  

central)	  
BSCV

A
	  

O
ther	  procedures	  
besides	  IO

L	  
im
plantation	  

1	  
M
	  

O
S	  

standard	  aphakia	  IO
L	  

5.6	  
0.2	  

14.7	  
not	  central	  

20/100	  
RD

	  surgery	  (4	  tim
es)	  

2	  
M
	  

O
S	  

standard	  aphakia	  IO
L	  

8.8	  
0.8	  

8.5	  
central	  

20/30	  
YA

G
	  laser	  of	  vitreous	  

strand	  

3	  
F	  

O
D
	  

standard	  aphakia	  IO
L	  

10.3	  
0	  

8.0	  
not	  central	  

20/100	  
no	  

4	  
M
	  

O
S	  

Iris	  Reconstruction	  IO
L	  

7.7	  
5.1	  

12.5	  
not	  central	  

20/30	  
no	  

5	  
M
	  

O
S	  

Iris	  Reconstruction	  IO
L	  

6.3	  
2.9	  

10.6	  
not	  central	  

20/200	  
no	  

6	  
M
	  

O
S	  

Iris	  Reconstruction	  IO
L	  

6.9	  
2.8	  

8.3	  
not	  central	  

20/100	  

IO
L	  refixation	  (after	  

partial	  dislocation	  
due	  to	  blunt	  traum

a)	  

m
ean	  ±	  SD

	  
	  

	  
	  

7.6	  ±	  1.7	  
2.0	  ±	  2.0	  

10.5	  ±	  2.7	  
	  

	  
	  

	  

Table 1. Patient characteristics

F, fem
ale; M

, m
ale; CE, cataract extraction; IO

L, intraocular lens; BSCVA
, best spectacle corrected visual acuity; RD

, retinal detachm
ent; H

M
, hand m

otion.
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surgeon (N.G.).
Endothelial cell loss was estimated by comparing central endothelial cell density 

(CECD) of the operated eye with CECD of the normal, non-operated eye at the last 
follow-up visit.

For statistical analysis, the paired Student t test was used to compare endothelial cell 
densities and parameters between the operated and non-operated eyes in each group. 
To find a possible correlation between length of the corneal perforation and corneal cell 
loss, we performed linear regression analysis.

Results

In six of ten patients with an Artisan lens for traumatic aphakia, endothelial photographs 
were made at the last follow-up visit, with a mean follow-up period of 10.5 years after 
lens implantation. Details of these six patients can be found in Table 1. In three other 
patients of the total group of ten patients, the cornea of the operated eye was clear at 
the last follow-up visit, with a mean follow-up period of 10.8 years after IOL implantation, 
except for the corneal scar resulting from the trauma, but endothelial photographs were 
not taken. In the remaining patient, endothelial photographs could not be made because 
of the development of calcific band keratopathy, three years after the original trauma.

The six eyes with an Artisan lens for traumatic aphakia and a clear cornea, in 
which endothelial photography was performed at the last follow-up visit, showed a 
substantially lower endothelial cell count than the normal fellow eyes. These trauma 
eyes had a substantial mean endothelial cell loss of 41% (range, 22%-58%) compared 
with the normal fellow eye. At the last follow-up visit, no significant difference was found 
in mean endothelial cell loss (compared with the normal eye) between the eyes with a 
custom-made Artisan Iris Reconstruction IOL (42%) and the eyes with a standard Artisan 
aphakia lens (40%).

Endothelial cell loss was related to the size of the wound. For the calculation of a 
possible correlation between size of the corneal laceration and central endothelial cell 
density, we excluded one eye with a central corneal perforation and a central endothelial 
cell density of 1349 (cell loss of 53%), because a lower cell density next to the site of 
the perforation than away from the perforation was observed by Kletzky et al21. In the 
remaining five eyes, a strong negative correlation between endothelial cell density and 
length of the corneal scar was found (Figure 3).

In the eyes operated on for unilateral congenital cataract, no significant endothelial 
cell loss was found when the operated eyes were compared with the non-operated 
fellow eyes (Table 2). The endothelial morphologic parameters, coefficient of variation 
of cell size, and percentage of hexagonal cells showed no statistical difference between 
the operated and non-operated eyes in all groups.
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Discussion

In the management of paediatric traumatic aphakia, several treatment options exist in 
the absence of adequate capsular support: the use of a contact lens, an angle-supported 
anterior-chamber IOL, a sulcus-sutured lens, and the Artisan lens. The Artisan lens is an 
iris-fixated lens that recently received US Food and Drug Administration (FDA) approval 
for the correction of high ametropia in the phakic eye. In the Netherlands and elsewhere, 
an iris-fixated lens of similar design has been widely and successfully used for more than 
ten years for the correction of aphakia in the absence of capsular support. This is the first 
long-term follow-up study on the impact on the corneal endothelium of this lens for this 
indication in children.

Only a few studies have been published that include reports on endothelial cell loss 
after surgery for traumatic cataract after perforating ocular injuries. In a paper by Kletzky 
et al. 21, mean endothelial cell loss in the injured eyes of 12 patients compared with 
the uninjured eyes was 58% near the wound versus 46% away from the wound. The 
age of the 12 patients was not mentioned, and follow-up ranged from three months 
to 3.4 years after repair of the corneal laceration and lensectomy. None of the patients 
received an IOL. The authors found a strong positive correlation between size of the 
corneal laceration and endothelial cell loss. In our study, we measured only central 
corneal endothelial cell parameters. Mean endothelial cell loss in the eyes with an Artisan 
lens compared with the uninjured eyes was on average 41%: in one eye with a central 
perforation, the cell loss was 53%, and in the remaining eyes, it was 38% on average, 
after a mean follow-up of 10.5 years. We also found a strong correlation between size 
of the corneal laceration and central endothelial cell density in the five eyes in which 
the scar was not in the center of the cornea. The eye with the highest endothelial cell 
loss (58%) also had the largest perforation: 12 mm (limbus to limbus). Roper-Hall et al. 22 

Figure 3. Central endothelial cell density and length of corneal scar.
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measured cell loss in seven patients that had lens surgery for traumatic cataract varying 
from 3.5% to 72.5% (mean, 32%) compared with the normal eye with a follow-up of 
approximately two years. Churchill et al. 19 measured endothelial cell loss compared with 
the other eye in three children with relatively small corneal perforations (eg, caused by 
a pin) and traumatic cataract after a mean follow-up of nine years and found a mean 
cell loss of 30%. Kora et al. 15 found a mean cell loss of 44% in five eyes of children 
with traumatic cataract, mean age 9.9 years, with a mean follow-up of 6.8 years after 
implantation of a posterior-chamber IOL. One further patient in that study received an 
angle-supported anterior-chamber IOL at the age of 14 and showed 70% cell loss after 
eight years of follow-up.

We were surprised to find no difference in endothelial cell density between eyes with 
the Artisan aphakia IOL and eyes with the Artisan Iris Reconstruction IOL, because a 
larger corneoscleral incision is usually necessary for implantation of this device.

In one of four children of whom endothelial photographs were not available, the 
cornea developed calcific band keratopathy three years after Artisan Iris Reconstruction 
IOL implantation in an eye that experienced an extensive perforating trauma with a 
wound including the whole corneal diameter and extending into the sclera, iris, and 
lens. This eye also developed secondary glaucoma, necessitating surgical intervention. 
We speculate that this eye suffered from persistent low-grade inflammation, causing the 
calcific band keratopathy. Persistent low-grade inflammation is common after perforating 

	  
Patients	  operated	  on	  

for	  unilateral	  congenital	  cataract	  
	  

Patients	  operated	  on	  

for	  traumatic	  cataract	  

	   Operated	  eye	   Unoperated	  eye	   	   Operated	  eye	   Unoperated	  eye	  

N	   3	   3	   	   6	   6	  

Mean	  age	  on	  date	  of	  IOL	  implantation	  (yr)	   2.7	   NA	   	   9.5	   NA	  

Mean	  follow-‐up	  time	  (yr)	   9.5	   NA	   	   10.5	   NA	  

Range	  (yr)	   4.7,	  14.5	   NA	   	   8.0-‐14.7	   NA	  

Mean	  endothelial	  cell	  density	  (cells/mm²)	   3323	   3165	   	   1647*	   2799	  

Range	   2875,	  3679	   2980,	  3386	   	   1197,	  1967	   2542,	  2894	  

SD	   410	   205	   	   322	   133	  

Mean	  %	  cell	  loss,	  compared	  with	  unoperated	  eye	   -‐6	   NA	   	   41	   NA	  

Range	   -‐23,15	   NA	   	   22,	  58	   NA	  

Coefficient	  of	  variation	  of	  cell	  size	   27	   26	   	   29	   25	  

%	  Hexagonal	  cells	   74	   73	   	   70	   64	  

	  
Table 2. Endothelial cell parameters

*cell density difference between operated and non-operated eye is statistically significant (P≤0.005, Student t 

test). IOL, intraocular lens; NA, not applicable. 
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trauma and is, in our opinion, not related to this type of IOL.
Unfortunately, an age-matched group of patients with an Artisan aphakia IOL in one 

eye, but without perforating injury, was not available. In the group of three children 
that were operated on for congenital cataract and received an Artisan aphakia IOL, cell 
densities in the non-operated eyes were higher than in the uninjured eyes of patients 
in the trauma group. This finding is not surprising, given the difference in mean age (2.7 
vs. 9.5 years) of the patients in both groups and the relatively large influence of age on 
cell density in children23,24. Mean cell density in the operated eyes in the patients in the 
congenital cataract group was not different from that in the non-operated eyes. This 
finding is remarkable because, in adults, a cell loss of at least a few percent after cataract 
surgery is usual even with modern techniques13,25-27. In children, Basti et al. 14 found a 
mean cell loss of 6.5% in 18 eyes of children operated on for congenital cataract at a 
mean age of 9.3 years and a follow-up period of six to nine months, and Kora et al. 15 
found a mean cell loss of 6% after a mean follow-up of four years after implantation of 
a posterior-chamber IOL in six eyes of children with congenital cataract, operated on at 
a mean age of 11.3 years. Lifshitz et al. 20 recently reported on the corneal endothelium 
of two children, 4 and 12 years of age, after Artisan aphakia IOL implantation after lens 
extraction for a subluxated lens. After a follow-up of eight months, they also did not 
find any endothelial cell loss in the operated eyes compared with the non-operated 
eyes. The corneal endothelium in children may be more resistant to surgical damage 
than the endothelium in adults. We feel that this finding needs confirmation in a larger 
group of patients, and it may not be applicable to phakic IOL implantation in children, 
where the distance of the IOL to the corneal endothelium is smaller because of the 
presence of the natural lens28. However, we may conclude that the Artisan aphakia lens 
in any case does not seem to cause excessive endothelial cell loss compared with other 
studies of traumatic aphakia corrected with a contact lens or posterior-chamber IOL. 
The substantial cell loss in eyes after surgery for traumatic cataract seems to be caused 
primarily by damage caused by the perforating trauma and the repair surgery.
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Abstract

Purpose. To evaluate the long-term corneal endothelial cell density (ECD) and outcomes 
after iris-fixated aphakic intraocular lens (IOL) implantation in children after bilateral 
congenital or juvenile cataract extraction and to compare the outcomes with data in the 
literature.
Setting. Academic Medical Centre, Amsterdam, the Netherlands.
Design. Case series
Methods. This retrospective study evaluated the charts and endothelial photographs of 
children who had Artisan aphakia IOL implantation. The main outcome measure was the 
ECD at the last follow-up visit. 
Results. The mean age of the ten patients (20 eyes) at IOL implantation was 7.4 years 
(range 4.3 tot 11.1 years) and at the last follow-up, 19.6 years (range 14.3 to 26.6 years). 
After a mean follow-up of 12.3 years (range 10.0 to 15.6 years), the mean ECD was 2702 
cells/ mm² (range 1382-3974 cells/mm²). Although this is comparable to the mean 
normal endothelial cell counts in this age group reported in the literature, a wider range 
of ECD was found in the current study.
Conclusions. The mean corneal ECD after more then ten years of follow-up was 
comparable to the mean normal ECD for this age group reported in the literature. The 
high standard deviation of the mean ECD in the current study highlights the importance 
of prospective studies on the ECD after iris-fixated aphakic IOL implantation in young 
patients.
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Introduction

At present, in-the-bag fixation of a posterior chamber IOL is the first choice of paediatric 
cataract surgeons in almost all cases of congenital and juvenile cataract with an intact 
capsular bag1,2. An iris-fixated aphakic intraocular lens (IOL) is a suitable choice in the 
absence of capsule support, for example in aphakia after surgery for luxation of the 
crystalline lens (ie, Marfan syndrome) or traumatic cataract. In these cases, an iris-fixated 
aphakic IOL is preferred over implantation of an angle-supported or scleral-sutured IOL 
in some European countries. Several studies3-7 report safe implantation of these IOLs in 
children.

A concern about iris-fixated IOL implantation is corneal endothelial cell loss. Safety to 
the corneal endothelium is of great importance in paediatric patients because of their 
long life expectancy. Studies of the corneal endothelium after iris-fixated aphakic IOL 
implantation in children4-6  report promising results. However, these studies comprised 
small numbers of patients and the promising findings have to be confirmed in a larger 
group of patients. Earlier, our group published long-term endothelial cell density (ECD) 
results after Artisan iris-fixated aphakic IOL (Ophtec, Groningen, the Netherlands) 
implantation in unilateral cases5.

This current study evaluated the long-term outcomes in a larger group patients that 
were operated on for bilateral congenital or juvenile cataract and had implantation of 
an Artisan aphakic intraocular lens IOL between 1991 and 1999. At that time in our 
university centre, aphakia after cataract removal for bilateral congenital and juvenile 
cataract was considered an indication for aphakic iris-fixated IOL implantation. One 
reason this IOL was chosen was the possibility of future IOL exchange in the growing 
eye3.

Patients and methods

This retrospective chart review comprised all children who had bilateral congenital and 
juvenile cataract extraction with Artisan aphakia IOL implantation at the time of the 
primary surgery or as a secondary procedure. All included patients were recruited for a 
recent follow-up visit, at which time endothelial cell photographs were taken. None of 
the children had persistent fetal vasculature, glaucoma, or trauma. All patients or their 
parents provided informed consent.

Surgical Technique
Cataract extraction was performed by irrigation/aspiration (I/A) by the same surgeon. 
Planned anterior vitrectomy was not a standard procedure and when not performed, 
the posterior capsule was left intact. In some cases with an intact posterior capsule, 
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Elschnig pearls obscuring the visual axis developed during follow-up. These were 
surgically removed through the anterior segment with the pupil dilated. One or two 
paracenteses were made, and the Elschnig pearls were removed with a cannula using I/A. 
The posterior capsule was always left intact during this procedure. Sodium hyaluronate 
1.0% (Healon) was used in all cases.

The axial length (AL) of the eye was measured using applanation A-scan biometry at 
the time of surgery.

Endothelial Cell Density and Central Corneal Thickness
Endothelial photographs were taken with a noncontact autofocus SP-2000P specular 
microscope (Topcon Corp.) at the last follow-up visit. At least two corneal endothelial 
photographs were taken of each eye. The analysis was performed once on the qualitatively 
best image using IMAGEnet 2000 software (Topcon Corp.). The software automatically 
denoted the cell borders. Before endothelial cell parameters were computed, an 
examiner (M.L.S) fully trained in the technique interactively corrected errors in cell 
border imaging. The validity of such evaluation using the combined specular microscope 
and software has been reported8. Analysis of at least 75 cells per image is needed for 
accurate estimates of the ECD when assessing the corneal endothelium by noncontact 
specular microscopy9.

The central corneal thickness (CCT) was measured with the same specular microscope.

Statistical Analysis
Statistical analysis was limited because of the small number of patients. Results are 
reported as the mean ± SD. The results were compared with data in the literature

Results

Patient Characteristics
Between 1991 and 1999, 14 children had bilateral congenital or juvenile cataract 
extraction and aphakic IOL implantation. Four children were excluded from the study 
because endothelial photographs could not be taken due to nystagmus (two patients) 
or psychomotor retardation (two patients). All eight eyes of the four children had a clear 
cornea at the last follow-up visit. The remaining ten patients (20 eyes) were included 
in this study. The ethnicity was white in seven patients and part white or not known in 
three patients. Table 1 shows the patients’ characteristic.

One patient had X-linked Nance-Horan syndrome, characterized by the association of 
congenital cataract with microcornea, dental abnormalities, and facial dimorphism. At 
the time at of the IOL implantation, the corneal diameter was 10.0 mm in the right eye 
and 11.0 mm in the left eye and the AL was 20.2 mm and 21.0 mm, respectively.
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Planned anterior vitrectomy was performed three eyes. Eight eyes had surgical 
removal of Elschnig pearls. The aphakic refractive error before secondary aphakic IOL 
implantation was corrected with aphakic glasses in three patients and with contact 
lenses in one patient.

In nine patients (18 eyes), the aphakic IOL had a 5.0 mm optic diameter and 8.5 mm 
overall diameter. In the two eyes of the patient with Nance-Horan syndrome, the aphakic 
IOL had a 4.0 mm optic diameter and 7.4 mm overall diameter. The target refraction 
ranged from slight myopia to + 3.75 D depending on the child’s age at the time of the 
surgery.

Endothelial Cell Density and Central Corneal Thickness
The mean endothelial cell count (ECC) per image in the 20 study eyes was 184 cells 
(range 95 to 273 cells per image). Table 2 shows the mean ECD at the last follow-up as 
well as the coefficient of variation in cell size and percentage of hexagonal cells.

Parameter	   Right	  eye	  n=10	   Left	  eye	  
OS	  n=10	  

Both	  eyes	  
n=20	  

Age	  (y)	  at	  IOL	  implantation	  	  
	  	  Mean	  ±	  SD	  
	  	  Range	  	  

	  
7.2	  ±	  1.9	  
4.3,	  11.1	  

	  
7.6	  ±	  1.9	  
4.3,	  11.1	  

	  
7.4	  ±	  1.9	  
4.3,	  11.1	  

Follow	  up	  (y)	  
	  	  Mean	  ±	  SD	  
	  	  Range	  	  

	  
12.5	  ±	  1.9	  
10.0,	  15.6	  

	  
12.2	  ±	  1.7	  
10.0,	  15.5	  

	  
12.3±	  1.7	  
10.0,	  15.6	  

Age	  (y)	  at	  follow-‐up	  	  
	  	  Mean	  ±	  SD	  
	  	  Range	  	  

	  
19.6	  ±	  3.5	  
14.3,	  26.6	  

	  
Same	  
Same	  	  

	  
Same	  
Same	  	  

Primary	  IOL	  implant,	  n	  (%)	  
Secondary	  IOL	  implant,	  n	  (%)	  
Mean	  time	  (y)	  between	  LE	  and	  IOL	  implant	  ±	  SD	  (n=4)	  

6	  (60)	  
4	  (40)	  

4.9	  ±	  1.0	  

6	  (60)	  
4	  (40)	  

5.0	  ±	  1.0	  

NA	  
NA	  
NA	  

Sex	  
	  	  Male	  
	  	  Female	  

	  
3	  
7	  

	  
3	  
7	  

	  
3	  
7	  

Preop	  AL	  (mm)	  	  
	  	  Mean	  ±	  SD	  
	  	  Range	  	  	  

	  
22.5	  ±	  1.7	  
20.2,	  24.8	  

	  
22.6	  ±	  1.4	  
20.4,	  24.7	  

	  
22.5±1.5	  
20.2,	  24.8	  

Preop	  ACD	  (mm)	  	  
	  	  Mean	  ±	  SD*	  
	  	  Range	  	  	  

	  
3.5	  ±	  0.5	  
2.9,	  4.6	  

	  
3.5	  ±	  0.4	  
3.2,	  4.3	  

	  
3.5	  ±	  0.5	  
2.9,	  4.6	  

Range	  of	  IOL	  power	  in	  dioptres	  	   12,27	   13,27	   12,27	  
Target	  	  SE	  refraction	  (D)	  	  
	  	  Mean	  ±	  SD	  
	  	  Range	  	  	  

	  
+0.5	  ±	  1.5	  
-‐0.5,	  +3.5	  

	  
+0.5	  ±	  1.5	  

-‐0.75,	  +3.75	  

	  
+0.5	  ±	  1.5	  

-‐0.75,	  +3.75	  
SE	  refraction	  (D)	  at	  last	  follow-‐up	  	  
	  	  Mean	  ±	  SD	  
	  	  Range	  	  

	  
-‐3.5	  

-‐12.5,	  -‐0.25	  

	  
-‐3.0	  

-‐9.25,	  0	  

	  
-‐3.25	  

-‐12.5,	  0	  
 

Table 1. Patient and IOL characteristics. ACD: anterior chamber depth; AL: axial length; implant: implantation; 

IOL:  intraocular lens; LE: lens extraction; SE, spherical equivalent.

*n=12
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Table 3 shows the corneal ECD and the CCT by individual eye. Figure 1 shows the 
individual corneal ECD in all 20 eyes by patient age. Supplement A (available at www.
jcrsjournal.org) shows the nonparametric variables.

Clinical Outcomes
A neodymium:YAG (Nd:YAG) laser capsulotomy was performed for posterior capsule 
opacification in 11 eyes during the follow-up. All patients had a clear cornea and a 
clear visual axis at the last follow-up. Table 3 shows the corrected distance visual acuity 
(CDVA), complications, details about the IOL claws, and additional intraocular surgery.

Four of the 40 claws of the IOLs eroded through the bridge of iris tissue, resulting in 
a closed claw that had pierced through the anterior iris stroma (ie, earring claw; Figure 
2). In one patient, the claw was surgically repositioned during surgery for Elschnig pearl 
aspiration. In the other three cases, repositioning the claw was not necessary because 
the IOL optic was well centered, there was minimal or no IOL movement, and the anterior 
chamber was clear. None of the claws dislocated further.

Parameter	   Right	  eye	  
(n=10)	  

Left	  eye	  
(n=10)	  

Both	  eyes	  
(n=20)	  

ECD	  (cells/mm²)	  	  
mean±	  SD	  
range	  

	  
2634	  ±	  746	  
1382,	  3831	  

	  
2769	  ±	  800	  
1796,	  3974	  

	  
2702	  ±	  757	  
1382,	  3974	  

mean	  coefficient	  of	  variation	  of	  cell	  size	  	  	   30.0	   29.8	   29.9	  
mean	  %	  hexagonal	  cells	   61.7	   65.9	   63.8	  
 

Table 2. Endothelial cell results at the last follow-up . ECD: endothelial cell density.

 
Figure 1. Individual ECDs of the 20 study eyes. Curve created from data of Møller-Pedersen13 (OD: right eye; OS: left 

eye; MP: Møller Pedersen)
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Discussion

Shortly after birth, the human cornea has approximately 6000 endothelial cells per 
square millimeter of posterior corneal surface. This number decreases rapidly during 
infancy10. The literature11,12 reports that the normal ECD ranges from 3160 to 3727 cells/
mm2 at a mean age of 7.5 years of age and from 2695 to 3342 cells/mm2 at a mean age 
of 13.0 years of age. One study13 measured a mean ECD of 3110 cells/mm2 in the second 
decade in normal donor corneas. A normal ECD ranging from 2407 to 2977 cells/mm2 
(mean 2692 cells/mm2) in the third decade of life are found in normal human eyes in 
different populations14.

One concern about iris-claw IOLs, including the Artisan, is the possible long-term 
negative effect on the corneal ECD. Children have a long mean life expectancy. Long-
term follow-up of the corneal endothelium is therefore of great importance.

Lifshitz et al.4 found no significant difference in ECD between the operated eye 
and the unoperated eye in two children after lens extraction and Artisan aphakia IOL 
implantation for subluxated crystalline lenses after eight months of follow-up. Our group 
also found no significant difference in a study of paediatric patients after unilateral 
cataract extraction and Artisan aphakia IOL implantation after a mean follow-up of 9.5 
years5.

Studies of the corneal endothelium in human donor corneas15-17 indicate that corneal 

Figure 2. Earring claw (arrow) in patient 7. Elschnig pearls are present at 11 o’clock after 2 Elschnig pearl 

aspiration procedures and an Nd:YAG capsulotomy.
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endothelial cells in younger donor eyes have a higher proliferative capacity than older 
human corneal endothelial cells. This might explain for the limited endothelial cell loss 
in studies by Lifshitz et al.4 and Odenthal et al.5.

In the current study, the mean ECD (2702 cells/mm2) last the follow-up (mean age 
19.6 years) was comparable to the mean normal ECD in this age group reported in the 
literature11-14. Yet, there was a large range in ECD in our patients. The curve in Figure 1 
represents the mean ECD as a function of age in healthy eyes without surgery and was 
created to allow a comparison of our data with the mean ECD data from normal corneas 
in the same age group by Møller-Pedersen13. Møller-Pedersen performed manual cell 
counts on photographs of the central corneal endothelium of donor corneas; the 
photographs were taken through a light microscope after alizarin red staining. They 
report data from 98 corneas of donors ranging in age from 30 weeks of gestation to 90 
years of age. Preferably, our noncontact specular microscopy data would be compared 
with other available noncontact specular microscopy data. However, studies that provide 
data on noncontact specular microscopy in young patients describe groups of patients 
up to 15 years of age11,12.  Because only one of our patients was younger then 15 years at 
the last follow-up, the outcomes in these studies are not shown in Figure 1.

Although earlier studies describe large ranges of interindividual ECDs11-13, the SD 
usually falls within 350 cells/mm2 in the second decade of life and within 400 cells/mm2 in 
the third decade of life. The SD in the current study was close to 800 cells/mm2. However, 
the literature reports values for healthy, unoperated eyes. In a prospective study, Basti 
et al.18 report the endothelial cell loss after cataract surgery in 20 eyes of 14 children 
with congenital or developmental cataract and posterior chamber IOL implantation. The 
mean age of their patients at surgery was 9.3 years. Endothelial images taken with a 
noncontact specular microscope were analyzed using the semiautomated cell analysis 
software program of the IMAGEnet digital imaging system. The postoperative ECD had 
an SD of 427 cells/mm2 in a subgroup without anterior vitrectomy and 400 cells/mm2 in a 
subgroup with anterior vitrectomy after a follow-up of 36 weeks. Odenthal et al.5 report 
three unilateral cataract patients who had implantation of an Artisan aphakia IOL; the SD 
of the ECD at a mean age of 19.0 years (range 18.1 to 20.5 years) was 205 cells/mm2 in 
unoperated eyes and 410 cells/mm2 in operated eyes after a mean follow-up of 9.5 years 
(range 4.7 to 14.5 years). Lifshitz et al.4 describe two eyes operated on for crystalline lens 
subluxation that had Artisan aphakia IOL implantation. After a mean follow-up of 6.5 
months (range 1 to 9 months) at a mean age of 7.9 years (range 4.8 to 12.5 years), the 
mean SD of the ECD was 79 cells/mm2.

The high SD in our study encouraged us to look for variables in the clinical course to 
explain this wide variation. One eye in our series (right eye, patient 2) had a marked 
decreased ECD (1382 cells/mm2) when the patient was 22.1 years old. The fellow left eye 
had an ECD of 2385 cells/mm2 (Figure 3, A and B). In the right eye, the temporal claw of 
the aphakic IOL dislocated two times as a result of blunt trauma that occurred ten years 
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and 12 years after IOL implantation. Because the patient did not present immediately 
after the first dislocation, the IOL remained dislocated for two weeks. At the first 
examination after the two weeks, there was no endothelial touch. During examination, 
the patient was in an upright position and it is likely that endothelial touch was present 
when he was supine, such as when sleeping.

In patient 3, the oldest patient with the longest follow-up, the ECD in both eyes was 
lower than 2000 cells/mm2 at the age of 26.6 years after a follow-up of 15.5 years. The 
lower than expected ECD in this patient cannot be explained by findings in the medical 
history, such as additional intraocular surgery, the preoperative ACD, or complications. 
Both eyes had a CDVA of 20/25 and a CCT less than 500 μm at the last follow-up visit.

In four eyes (patient 7 left eye, patient 8 left eye, patient 9 both eyes (Figure 3, C and 
D), we found a higher then expected ECD (above 2.00 SD,). All four eyes had secondary 
Artisan IOL implantation after earlier intraocular surgery for the cataract extraction at a 
very young age. Müller and Doughty11 found that ECD values in children are significantly 
correlated with the corneal diameter and they advise taking the corneal diameter in 
consideration when unexplained ECD values are encountered. No information about the 
corneal diameter was available for these three patients. The mean AL in the four eyes 
with a high ECD was 23.5 mm (range 22.0 mm to 25.1 mm) at last follow-up visit.

In a study of contact lens wearers, Doughty et al.19 noted a correlation between 
the change in ECD values and the change in CCT. As CCT decreased, the apparent ECD 
decreased. We calculated the correlation coefficient of the CCT and ECD values in our 
patients using the Spearman nonparametric correlation test. Although we found no 
significant correlation (P=.28), there was a trend toward an increasing ECD with an 
increasing CCT in our patients.

Figure 3. Endothelial cell photographs of both eyes of patient 2 (A and B) and patient 9 (C and D).
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Blunt trauma without IOL dislocation occurred in two eyes. The ECC was slightly lower 
than in the eye in one patient but was 500 cells higher than to the other eye in the 
second patient. Blunt trauma without IOL dislocation did not seem to cause additional 
cell loss in our series; nevertheless, we advise our patients to wear protective glasses 
during contact sports and activities to prevent traumatic IOL dislocation.

In four eyes, an IOL claw was attached to the iris like an earring. This complication is 
sometimes seen with the Artisan aphakia IOL; on slitlamp biomicroscopy, the earring 
claw seems less rigidly fixated than claws attached to a bridge of iris tissue and are 
usually situated slightly lower than the opposite claw. Because of the small number of 
eyes with an earring claw and the additional intraocular surgery in some of the eyes, it is 
hard to make conclusions about the additional cell loss caused by a claw that is attached 
like an earring; however, the effect seems to be limited. We do not believe it is necessary 
to reposition earring claws when the optic is well centered and when there is little or no 
IOL movement.

We found high variability in the ECD. Baseline and serial ECCs might have given an 
insight into the cause of the large differences between our patients; unfortunately, this 
information was not available. Future endothelial cell measurements and close follow-
up of our patients is important to monitor the ECD into adulthood.

In conclusion, we describe the encouraging long-term clinical outcomes in 20 eyes of 
ten patients after Artisan aphakia IOL implantation for congenital or juvenile cataract. 
The mean corneal ECD at last follow-up was comparable to the mean normal ECD in this 
age group reported in the literature. The high SD of the mean ECD in our study highlights 
the importance of prospective studies of corneal endothelium outcomes after Artisan 
aphakia IOL implantation in young patients.
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Abstract

We present two patients with Marfan syndrome and bilateral crystalline lens dislocation 
who underwent bilateral lens extraction and Artisan aphakia intraocular lens (IOL) 
implantation in our university hospital. After a follow-up of more than 12 years a good 
visual outcome, no serious IOL-related complications and endothelial cell densities 
within the expected range for eyes without cataract surgery were found in both patients. 
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Zonular weakness and capsular instability are a challenge when correcting aphakia 
in patients with Marfan syndrome. IOL implantation can be visually rewarding in well 
selected cases and may improve the patient’s quality of life. We used the Artisan® 
(Ophtec, Groningen, the Netherlands) aphakia IOL, an iris-fixated anterior chamber 
lens, in two children. The clinical parameters of the four eyes reported in this paper 
were compared to the clinical parameters of 29 control eyes of 15 Marfan patients 
without a history of intraocular surgery, who visited our clinic regularly for periodical 
eye examinations.

Case 1
In case 1 the diagnosis of Marfan syndrome was made at the age of two years, based 
on Ghent criteria, no FBN1 mutation could be demonstrated. Preoperatively both eyes 
had a crystalline lens dislocation with a best-corrected visual acuity (BCVA) of less 
than 20/100 and a preoperative refractive error of about minus 20 diopters (D). The 
preoperative axial length was 28.5 (OD) and 28.4 millimetres (OS). At the age of nine 
an extracapsular lens extraction with implantation of a 7D Artisan aphakia IOL and 
a prophylactic encircling band were performed on the right eye. Two years later the 
patient underwent a prophylactic encircling band on the left eye followed one year later 
by extracapsular lens extraction, anterior vitrectomy and implantation of an 11D Artisan 
aphakia IOL. The surgeon decided to place a prophylactic encircling band to minimize 
the chance of retinal detachment in these axially elongated eyes, although this is not 
a generally accepted procedure. With a follow-up of 15.8 years (OD) and 13.3 years 
(OS) the manifest refraction was +2.50 +2.00 x 175 OD and +0.75 +1.00 x 160 OS, best-
corrected visual acuity was 20/50 OD and 20/40 OS.

Figure 1. Anterior segment images of case 1 and 2. 

A: An earlier model of the Artisan aphakia IOL (before 1997) in the left eye of case 1. Iris atrophy is seen at the 

site where the nasal claw of the IOL is attached. 

B: The Artisan aphakia IOL in the right eye of case 2. Patches of radial anterior iris atrophy can be seen. These 

atrophic patches can be a result of multiple surgical procedures, but might also be related to the IOL. The 

unusual location of the peripheral iridectomy at 6 o’clock is explained by the fact that silicone oil was used as a 

tamponade agent at the time of pars plana vitrectomy for retinal detachment in this eye.  

Chapter 8
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Case 2
In case 2 the clinical diagnosis of Marfan syndrome was confirmed by a demonstration 
of a pathogenic FBN1 mutation in the third year of life. Preoperatively crystalline lens 
dislocation, a BCVA less then 20/200 and a refractive error of minus 10D in the right and 
minus 12D in the left eye were present. The preoperative axial length was 25.3 (OD) and 
24.6 millimetres (OS). At the age of four the patient underwent lens extraction, anterior 
vitrectomy and implantation of a 21D Artisan aphakia IOL in the left eye. One year later 
the same procedure with implantation of a 21D Artisan aphakia IOL was performed in 
the right eye. At the age of five a bilateral recession of the lateral rectus muscle was 
performed to correct exotropia. One year later a retinal tear with a localised detachment 
was detected and an encircling band was placed on the right eye. Because of a recurrence 
of the retinal detachment, one month later, a pars plana vitrectomy, using silicone oil as 
a tamponade agent, was performed on this eye. The oil was removed 2.5 months later. 
At the age of 13 the patient received an encircling band implant for a retinal detachment 
in the left eye. With a follow-up of 10.3 years (OD) and 11.2 years (OS) the manifest 
refraction was -9.0+1.0x96 OD and -7.0+1.75x156 OS, best-corrected visual acuity was 
20/50 OD and 20/25 OS.

The target postoperative refraction was emmetropia in all four eyes. After lens 
extraction, the remaining lens capsule was removed from the eyes using an Ocutome. 

Table 1. Clinical parameters of the 4 study eyes and 29 control eyes at the last follow-up visit

ECD: endothelial cell density; mm: millimeter;  CV: coefficient of variation of cell size ; %: percentage; hexa: 

microscope (Topcon, Japan); mcm: micrometer;  AL: axial length measured with the IOL Master (Zeiss, Germany); 

visual acuity.

 1 

 
Study	  eyes	  n=4	   ECD	  (cells/	  mm²)	   CV	  (%)	   Hexa	  (%)	   Corneal	  diameter	  (mm)	   CCT	  (mcm)	   AL	  (mm)	   K	  (D)	   age	  at	  ECD	  (years)	   BSCVA	  

Case	  1	  OD	   2979	   36	   59	   12	   526	   30.1	   37.3	   25	   20/50	  

Case	  1	  OS	   2741	   43	   52	   12	   546	   29.2	   37.3	   25	   20/40	  

Case	  2	  OD	   2962	   33	   58	   13	   526	   29.4	   38.2	   16	   20/50	  

Case	  2	  OS	   3496	   36	   64	   13	   541	   27.5	   38.2	   16	   20/25	  

mean	  (SD)	   3045	  (320)	   37	  (4.5)	   58	  (5.1)	   12.5	  (0.6)	   535	  (10)	   29.1	  (1.1)	   37.8	  (0.5)	   20.3	  (6.6)	   -‐	  

	   	   	   	   	   	   	   	   	   	  

	  

Control	  eyes	  n=29	  

	   	   	   	   	   	   	   	   	  

Mean	  

range	  	  

SD	  

	  

2905	  

2408,	  3541	  	  

351	  

26	  

18,	  41	  	  	  

4.8	  

71	  

57,	  79	  

5.4	  

11.7	  

11.0,12.5	  

0.4	  

508	  

467,	  657	  	  

36	  

24.3	  

22.1,	  26.9	  	  

1.4	  

40.1	  

38.2,	  43.6	  	  

0.3	  

14.9	  

9.6,	  27.4	  	  

4.9	  

-‐	  

20/80,	  20/12.5	  

-‐	  
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Postoperative topical steroid, antibiotics and mydriatics were given for a total of 
eight weeks. No prolonged inflammation, elevated eye pressure or IOL dislocation 
were encountered in any of the four eyes. At the last follow-up iridodonesis and 
pseudophacodonesis as well as iris transillumination defects which are characteristic for 
Marfan syndrome were present in all study eyes. Iris atrophy, ranging from limited to 
more pronounced, was observed (Figure 1). The retina was attached in all eyes. In the 
29 control eyes a partial lens dislocation was present in nine eyes, iris transillumination 
defects in 19 eyes and iridodonesis in nine eyes.

At the last follow-up visit corneal endothelial photographs of the four study eyes were 
taken. The individual endothelial cell density of the four study eyes and the 29 control 
eyes are presented in Figure 21. Clinical parameters of the four study eyes and all control 
eyes can be found in Table 1.

Discussion

We report long-term results in four eyes of two paediatric Marfan patients, in whom we 
used the Artisan aphakia IOL to correct aphakia. In case 1 the surgery was performed 
beyond the sensitive period of visual development, which may have contributed to the 

Table 1. Continued

percentage of hexagonal cells; CCT: central corneal thickness, measured with the non-contact specular 

K: keratometry in diopters measured with the IOL Master; D: dioptre; BSCVA: best spectacle corrected

 1 

 
Study	  eyes	  n=4	   ECD	  (cells/	  mm²)	   CV	  (%)	   Hexa	  (%)	   Corneal	  diameter	  (mm)	   CCT	  (mcm)	   AL	  (mm)	   K	  (D)	   age	  at	  ECD	  (years)	   BSCVA	  

Case	  1	  OD	   2979	   36	   59	   12	   526	   30.1	   37.3	   25	   20/50	  

Case	  1	  OS	   2741	   43	   52	   12	   546	   29.2	   37.3	   25	   20/40	  

Case	  2	  OD	   2962	   33	   58	   13	   526	   29.4	   38.2	   16	   20/50	  

Case	  2	  OS	   3496	   36	   64	   13	   541	   27.5	   38.2	   16	   20/25	  

mean	  (SD)	   3045	  (320)	   37	  (4.5)	   58	  (5.1)	   12.5	  (0.6)	   535	  (10)	   29.1	  (1.1)	   37.8	  (0.5)	   20.3	  (6.6)	   -‐	  

	   	   	   	   	   	   	   	   	   	  

	  

Control	  eyes	  n=29	  

	   	   	   	   	   	   	   	   	  

Mean	  

range	  	  

SD	  

	  

2905	  

2408,	  3541	  	  

351	  

26	  

18,	  41	  	  	  

4.8	  

71	  

57,	  79	  

5.4	  

11.7	  

11.0,12.5	  

0.4	  

508	  

467,	  657	  	  

36	  

24.3	  

22.1,	  26.9	  	  

1.4	  

40.1	  

38.2,	  43.6	  	  

0.3	  

14.9	  

9.6,	  27.4	  	  

4.9	  

-‐	  

20/80,	  20/12.5	  

-‐	  

Table 1. Continued
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lower visual outcome in this case. Both eyes of case 2 had a retinal detachment. This is 
a known complication in eyes of patients with Marfan syndrome with an incidence that 
ranges from 5% to 25.6%, with a predilection for eyes with a lens dislocation and an 
increased axial length2. The eyes in both cases had a markedly long axial length, beyond 
the range of the axial lengths found in the control eyes. 

The Artisan aphakia IOL is not approved by the United States Food and Drug 
Administration. For many surgeons the preferred technique in the absence of capsular 
support is to suture an IOL into the sulcus with scleral sutures. Late dislocation of 
these IOLs due to breakage of the polypropylene suture is reported in up to 24% of 
paediatric cases3. Long-term follow-up is very important in children to signal such late 
complications. 

Encouraging short-term clinical results and no endothelial cell loss after Artisan 
aphakia IOL implantation have been reported in paediatric patient with idiopathic lens 
dislocation4 and with lens dislocation secondary to Marfan syndrome5. Endothelial cell 
loss is also found to be limited in the long-term after Artisan aphakia IOL implantation in 

Figure 2. The individual ECD of the study and control Marfan eyes compared to normal eyes, 

as a function of age. 

The squares represent the 4 study eyes. The diamonds represent the ECD of the 29 Marfan control eyes. The 

curved line represents the mean ECD in normal eyes as a function of age, the dotted lines represent the value 

plus and minus two SD from the mean. The curve is created from data of the normal corneal ECD in different 

age groups by Møller-Pedersen et al.
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congenital and juvenile cataract cases6, 7.
More than 12 years after surgery endothelial cell densities in our cases were within the 

expected range for eyes without crystalline lens surgery. However, a higher coefficient 
of variation of cell size and a lower percentage of hexagonal cells was found, when 
compared to the control eyes and to normal subjects in the literature8. These changes 
might be related to the IOL. However changes in morphology are also reported in non-
operated eyes from patients with Marfan syndrome, with the most prominent changes 
in eyes with lens dislocation9, and in both eyes of one control patient in the current 
study. This patient was fitted with rigid gas permeable (RGP) contact lenses to correct 
the refractive error, caused by dislocation of the crystalline lens out of the visual axis 
in both eyes. The clinical consequences of the morphological changes are unclear, but 
might be limited, since we found a clear cornea and a normal central corneal thickness 
in the four study eyes and the two eyes of the control Marfan patient with RGP contact 
lens wear.  

We feel that the Artisan aphakia IOL may be a viable treatment option in the correction 
of aphakia in patients with Marfan syndrome. Larger studies on the Artisan aphakia IOL 
in Marfan patients are needed, to confirm our encouraging long-term clinical results and 
to assess the impact of the endothelial changes that we observed.

Chapter 8
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In this thesis the long-term outcome after the implantation of the Artisan aphakia 
intraocular lens, for different indications, in 37 eyes of 25 children is reported. How well 
did the Artisan aphakia IOL perform in terms of clinical outcome, IOL related problems 
and in terms of the outcome regarding the corneal endothelium? Furthermore, the axial 
eye length growth of 90 eyes of 45 children after unilateral cataract surgery is analyzed 
(Chapter 3). 

In this chapter, the refractive outcome after IOL implantation in the growing paediatric 
eye (9.1), the clinical outcome of all series on the Artisan aphakia IOL (9.2) and the 
outcome in terms of the corneal endothelium (9.3) will be discussed. After evaluating 
the other types of IOL that can be considered in case of an absence of capsular support 
(9.4), the final conclusions will be presented (9.5). 

9.1 The growing paediatric eye 

No significant difference in axial eye length growth was found when comparing both 
eyes of 45 children operated for unilateral cataract (Chapter 3). However, in a subgroup 
of 25 children younger than 18 months at the time of the surgery (Group 1) significantly 
more myopic shift and changes in keratometry were found in the operated eye, when 
compared to the fellow non-operated eye. These differences were not found in the group 
of children that were older than 18 months at the time of the surgery (Group 2). When 
dealing with a paediatric eye, the refractive parameters, axial eye length, crystalline lens 
power and corneal curvature, are constantly changing. The axial eye length is known to 
increase the most in the first 18 months of life1. The major changes in keratometry occur 
during the first six months and the greatest changes in crystalline lens power during the 
first 18 months of life2. 

In the Artisan IOL (both aphakia IOL and Iris Reconstruction IOL) series (Chapter 4, 5, 
7, 8) the refractive outcome at the last follow-up was available in 32 out of 37 eyes. The 
range of refractive outcome was minus 12.5 to plus 3.5 spherical equivalent refractive 
error, with five of 32 eyes exceeding a myopia of minus 5, of which four exceeding minus 
7. The age of the 32 children in the Artisan series of whom the final refractive error 
was recorded ranged from 4 to 11 years at the time of the Artisan IOL implantation. 
Regarding the fact that all children were older than 18 months at the time of the Artisan 
aphakia IOL implantation, the final myopia seems more than was to be expected. 
However, the series included children who underwent surgery for different indications, 
including eyes with corneal scars and encircling bands. In future, larger studies should 
include more detailed information and analysis of the final refractive error to make 
definite conclusions on the refractive outcome after Artisan aphakia IOL implantation. 
For now one can only speculate that if children become more myopic after Artisan IOL 
implantation, this might be a consequence of the location of the IOL in the anterior 
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chamber. It is reported that during eye growth the different components of the optic 
axis represent a different percentual share of the total axial eye length. The percentual 
share of the anterior chamber depth increases until about the age of 18 months, while 
the percentual share of the vitreous length increases until about the age of 13 years3. In 
that case, a fixed power IOL situated in the anterior chamber could cause myopisation 
up to an older age. More knowledge of the postoperative development of the cornea, 
position of the intraocular lens and the measurements of the different compartments of 
the eye (anterior chamber depth, length of the vitreous) is needed. This knowledge can 
contribute to a better prediction and a better understanding of final refractive errors in 
the growing eye. 

9.2 Clinical outcome

The visual outcome after cataract or crystalline lens surgery is variable in children and 
depends on many factors, such as the age at onset of the eye disease, the age at the time 
of the surgery, whether there is unilateral or bilateral eye disease, the cause of the eye 
abnormality, whether other eye abnormalities are present, and the degree of amblyopia. 
The children in our series underwent surgery for different indications, and therefore the 
expected visual outcome differed. The visual outcome in our series was comparable to 
the visual outcome as reported in the literature for the different indications: traumatic 
cataract4-6, congenital/ juvenile cataract7 and lens dislocation in Marfan syndrome8-11. 
The outcome in traumatic cases can be favourable in case of small traumata, especially 
in the eyes of older children. In eyes with major anterior segment trauma, including 
central corneal scars and the resulting astigmatism, the expected visual outcome is 
worse. This was confirmed in our two studies on eyes with a perforating cornea trauma. 
The eyes that could be implanted with the Artisan aphakia IOL (Chapter 4) had a better 
visual outcome than the eyes that needed an Artisan Iris Reconstruction IOL (Chapter 5). 
The visual outcome in both series was comparable with reports on perforating anterior 
segment trauma in the literature4-6. The outcome in our bilateral cataract series (Chapter 
7) was comparable to a large series on paediatric unilateral and bilateral cataract surgery 
with IOL implantation by Ledoux et al 7. We report a visual acuity ranging from 20/50 to 
20/25 in the four eyes of two patients with the Marfan syndrome (Chapter 8). This is 
comparable to reports on surgery for lens dislocation in Marfan syndrome found in the 
literature8-11. Accurate optical correction and amblyopia treatment are very important to 
come to the best visual outcome after surgery for any indication. Amblyopia has been 
reported to be the major cause of residual visual deficit after paediatric cataract surgery7. 

No intra-operative complications were reported in our series. 

Two cases of short-term fibrinous uveitis (Chapter 4) were encountered. One case of 

Chapter 9
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prolonged uveitis with increased intraocular pressure, which was surgically treated, 
occurred in one of the patients with extensive anterior segment trauma and an Artisan 
Iris Reconstruction IOL (Chapter 5). Paediatric eyes tend to react with more inflammatory 
responses than adult eyes after cataract surgery. In the majority of cases this can be 
treated with topical steroids, as in our patients12,13. Posterior capsule opacification (PCO)  
accounted for a high number of second surgical procedures in our bilateral cataract series 
(Chapter 7). Posterior capsulotomy and anterior vitrectomy were not routinely performed 
in our series. These two procedures have become a preferred practice nowadays, which 
led to a decrease in the incidence of PCO. Currently, the Artisan aphakia IOL is almost 
solely implanted in case of capsular loss or dislocation (see later in this chapter), in which 
cases the posterior capsule is removed, which practically precludes PCO. Therefore, the 
incidence of PCO is not an important issue of concern in future use of the Artisan IOL. 

In three eyes, one of the claws of the Artisan IOL dislocated. In two of these three 
eyes it involved an Artisan Iris Reconstruction IOL, which was implanted after trauma. 
In one eye the IOL dislocated spontaneously, in the other eye the IOL dislocated due to 
blunt trauma (Chapter 5). The third IOL that partially dislocated was an Artisan aphakia 
IOL implanted for juvenile cataract. In this latter patient the Artisan aphakia IOL partially 
dislocated twice after blunt trauma (Chapter 7). Boys are more frequently involved 
in eye trauma, with a ratio of approximately 3:114-16. Of the ten children with anterior 
segment trauma in our series, seven were boys and three were girls. Both patients with 
partial IOL dislocation, due to (recurrent) blunt trauma were boys. To prevent traumatic 
IOL dislocation, we advise our patients to wear protective glasses during contact sports 
and activities with an increased risk of eye trauma.

A retinal detachment was encountered in four eyes in our series. A retinal 
detachment occurred in two eyes after penetrating trauma, one eye implanted with an 
Iris Reconstruction IOL (Chapter 5), five years after implantation, and one eye implanted 
with an Artisan aphakia IOL (Chapter 4), 18 months after implantation. Traumatic eyes 
are more prone for retinal detachments, even more after penetrating eye trauma, as in 
our cases6. Therefore, the retinal detachments can probably be attributed to the original 
eye trauma. A retinal detachment was also encountered in both eyes of a patient with 
Marfan syndrome (Chapter 8), one and nine years after Artisan aphakia IOL implantation. 
Retinal detachment is a well known complication in Marfan syndrome, with a reported 
incidence ranging from 5% to 26%17. Retinal detachment is also a known complication 
after cataract surgery18. Follow up of, and instructions to, patients and their parents 
about alarming signs and symptoms of a retinal detachment are important after lens 
extraction in patients after trauma and in patients with Marfan syndrome.

Prolonged uveitis with increased intraocular pressure, two of three partial lens 
dislocations and one of four retinal detachments occurred in the eyes that suffered from 
major anterior segment trauma that were implanted with an Artisan Iris Reconstruction 
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IOL (Chapter 5). Both cases with short term fibrinous uveitis and one of the four 
retinal detachments occurred in eyes with perforating corneal trauma, implanted with 
the Artisan aphakia IOL (Chapter 4). In summary, two of four retinal detachments, all 
fibrinous inflammatory responses, two of three IOL dislocations and the only case of 
elevated intraocular pressure were reported in eyes after trauma. One should take into 
account that any eye that suffered from penetrating trauma is at risk of serious late 
complications regardless of IOL implantation.  

9.3 The corneal endothelium 

We report endothelial cell densities within the expected range for eyes without cataract 
surgery in all series except, as was to be expected, in the traumatic series. A normal mean 
endothelial cell density (ECD) after long-term follow-up in the unilateral congenital and 
bilateral congenital and juvenile cataract series (Chapter 6, 7) and in the four eyes of two 
patients with Marfan syndrome (Chapter 8) was found. In the traumatic eyes (Chapter 
4, 5, 6) a decrease in ECD and a strong negative correlation between the endothelial cell 
density and the length of the corneal scar was found. 

We disclose two remarkable findings on the long-term outcome of the corneal 
endothelium. We found a large variability in endothelial cell densities in the bilateral 
congenital and juvenile cataract series (Chapter 7), and we found distinct changes in the 
endothelial morphology in the Marfan series (Chapter 8). 

What explains the high variability in ECD in the bilateral cataract series? In one patient 
a low ECD was caused by a recurrent dislocation of the IOL. Details of the surgical and 
clinical history could not explain the higher nor lower than expected ECDs in the other 
patients. Children with secondary Artisan IOL implantation after congenital cataract 
extraction as well as children with primary Artisan IOL implantation after juvenile 
cataract extraction were included in this series. Endothelial cell densities which were 
higher than expected were found in the congenital cataract group, endothelial cell 
densities which were lower than expected were mainly found in the juvenile cataract 
group. Possibly the inclusion of eyes after both primary (juvenile cataracts) and 
secondary (congenital cataracts) IOL implantation has influenced the standard deviation 
of the ECD. Embryological studies have shown that the formation and development of 
the cornea is induced by the crystalline lens19. Removal of the cataracteous crystalline 
lens at a very early age, as in congenital cataract, might result in an altered development 
of the cornea, and may for example result in the greater central corneal thickness that 
has been reported after congenital cataract surgery20,21. We found a trend, no significant 
correlation, toward an increasing ECD with an increasing CCT in our patients. Larger 
studies and serial pre- and postoperative endothelial cell counts and CCT measurements 
are necessary to monitor changes in ECD and differences between groups (Chapter 7). 
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An increase in the coefficient of variation of cell size (CV) and a decrease in the 
percentage of hexagonal cells (hexagonality) in the four eyes of two patients with 
Marfan syndrome were found (Chapter 8). These distinct morphological changes were 
not found in the other series reported in this thesis. However, changes in morphology 
are reported in non-operated eyes from patients with Marfan syndrome, with the most 
prominent changes in eyes with lens dislocation22, and were found in both eyes of one 
control patient with a dislocated lens out of the visual axis and RGP contact lens wear 
in the current study. This implies that morphological changes might also be present 
in the eyes of patients with Marfan syndrome after the implantation of other types 
of IOLs. Unfortunately no endothelial studies reporting the CV and hexagonality are 
available after the implantation of other types of IOLs in Marfan patients. The clinical 
consequences of the morphological changes that were found in the four eyes of Marfan 
patients are unclear, but might be limited, as we found a clear cornea and a normal 
central corneal thickness in these four eyes.

9.4 Other intraocular lenses in the absence of capsular support

The use of the Artisan aphakia IOL is currently indicated in the absence of capsular 
support. Other IOLs used in the absence of capsular support are sutured posterior 
chamber lenses (PCIOLs), either sutured to the sclera or to the back surface of the iris, 
and angle supported anterior chamber lenses (ACIOLs). 

Good IOL centration and stable fixation of the IOL is important in case of absence 
of capsular support. The studies in this thesis show that the Artisan aphakia IOL is a 
stable IOL, with few dislocations. This was recently also reported by Zheng et al.23. In 
a comparative study on eyes of adult patients with Marfan syndrome a decentration 
of scleral-fixated posterior chamber IOLs was found in 48.7% of eyes after one year of 
follow-up. No decentration of the Artisan aphakia IOL was found.

The most used IOLs in the absence of capsular support in children are sutured 
posterior chamber lenses, either sutured to the sclera or to the back surface of the iris. 

Recently Buckley et al.24 and Asadi et al.25 reviewed the literature on sceral sutured 
sulcus lenses in children. No case of lens dislocation was reported in all previous 
studies on sulcus sutured IOL in children, after a follow-up averaging three years at 
most. However, Buckley and Asadi report in their own studies on scleral sutured IOLs in 
children, a rate of late IOL dislocation of 9% and 24% respectively, after a mean follow-up 
of five years and six years and a half. The dislocation is a result of breakage of the 10.0 
polyprolene suture. This dislocation typically occurs late, after a mean of four or more 
years after implantation.

Iris sutured posterior chamber lenses have been used in children11,26,27. No lens 
dislocations were encountered in 17 eyes of nine children after a mean of 16 months 
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of follow-up in a study by Dureau et al.11. Early dislocation of the iris sutured IOL was 
reported in five (29%) of the 17 eyes, after a mean of six months after implantation, by 
Yen et al.26 and in four (33%) of 12 eyes, after a mean of five months after implantation, by 
Kopel et al.27. 10.0 polypropylene sutures were used in these three studies. No breakage 
of the suture was encountered, yet an untied knot or slippage of the suture from the iris 
or IOL haptic are suggested as a cause of these early IOL dislocations. The longest mean 
follow up in these studies was 20 months. The concern of suture degradation in time 
remains.

Konradsen et al.9 report on sutured capsular tension ring and in-the-bag lens 
implantation, in 37 eyes of 22 children. The median follow-up was 27 months. Two eyes 
required secondary suturing for IOL dislocation, one and two years after the implantation. 
10.0 polypropylene sutures were used. 

The most frequent complications that were reported after the implantation of scleral 
sutured PCIOLs are intraocular hemorrhage, IOL tilt, iris capture and endophthalmitis24,25. 
A high rate of posterior capsule opacification (31 out of 37 eyes, 84%) is encountered in 
eyes with sutured capsular tension ring and in-the-bag implantation9.

The use of 9.0 polypropylene is suggested to overcome the problem of breakage of 
the 10.0 polypropylene suture. Yet the larger knot of this suture might erode thought 
the scleral flap, exposing the patient to a higher risk of the (late) complication of 
endophthalmitis25. Caution is justified when using any type of sutured IOL in the 
paediatric eye. The implantation of the Artisan aphakia IOL is technically less challenging 
and less invasive, and offers the advantage of sutureless fixation.

Angle supported IOLs can also be implanted without sutures. Morrison et al.10 report 
on eight eyes of five patients with lens dislocation due to Marfan syndrome, implanted 
with open-loop flexible anterior chamber IOLs. Pigment deposits on the IOL were seen 
in four out of eight eyes, of which one eye also had keratic precipitates. No corneal 
decompensation, IOL displacement or explantation was reported after a mean follow up 
of 12.7 months. Unfortunately, no information on the corneal endothelial cell density 
or morphology is provided. The modern open loop angle supported anterior chamber 
IOLs have been demonstrated to be comparably safe and effective when compared to 
other IOLs in the absence of capsular support in adults28. Still, the incidence of corneal 
oedema and glaucoma was slightly higher with open- loop ACIOLs, when compared to 
scleral sutures PCIOLs in adults28. Taking into account the small amount of studies on 
anterior chamber angle supported IOLs in children, the fact that complications have 
been reported when using angle supported IOLs in children29, and the lack of long-term 
follow up of these lenses in children, it seems that this IOL should be approached with 
caution. 

Chapter 9
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9.5 Conclusions

In this retrospective study on 37 eyes of 25 children, implanted with the Artisan aphakia 
IOL, good clinical results, few IOL related complications and a normal mean corneal 
endothelial cell density are reported. We believe the strength of our study is the long-
term follow-up of 8.9 to 12.7 years for the different subgroups. Despite this long follow-
up no late complications occurred. 

The most important question that remains is whether the Artisan aphakia IOL is safe 
for the corneal endothelium in the longer term, and whether the high variability in 
ECD and the morphological changes found will result in problems with corneal clarity 
after many more years, or not. Our results show that the Artisan aphakia IOL is a well 
performing and efficacious IOL which seems comparable to, or even better than, other 
IOL options to correct aphakia in children that lack the necessary capsular support to 
implant a posterior chamber in-the-bag or sulcus IOL.

We cannot make definite conclusions about the safety of this IOL based on the current 
studies. However, the Artisan aphakia intraocular lens has shown to be safe in this group 
of paediatric patients that has been followed for more than ten years.  
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In this thesis the follow-up is reported of children who underwent lens surgery with the 
implantation of an artificial intraocular lens to replace the crystalline lens that was either 
dislocated due to trauma or Marfan syndrome or affected by congenital or juvenile 
cataracts. The focus is on the long-term outcome after Artisan aphakia intraocular lens 
implantation, an anterior chamber iris-fixated intraocular lens. 

In Chapter 1, the introduction of this thesis, the history and development of  surgical 
techniques and intraocular lenses in cataract surgery is described. Preferred practices 
in paediatric cataract surgery and the use of intraocular lenses in children, including 
the use of IOLs in special cases, are discussed. In addition, the importance of accurate 
postoperative management of refractive errors and amblyopia is emphasized, and the 
function of the corneal endothelium and the possible influence of the Artisan aphakia 
IOL on this innermost layer of the cornea are explained.

The aims and outline of this thesis are presented in Chapter 2.    
Paediatric cataract surgeons often have to deal with a wide range of postoperative 

refractive outcomes. In Chapter 3 the question of whether this is a result of altered 
growth in eyes that underwent cataract surgery is addressed. The axial eye length, 
spherical equivalent refraction and keratometry were measured before and at least one 
year after surgery in both eyes of 45 children (90 eyes), operated for unilateral cataracts. 
All outcome data in the operated eye were compared with the outcome data of the 
fellow non-operated eye of the same patient. The 45 patients were divided into two 
groups. The children in Group 1 (25 children) were younger than 18 months at the time of 
the cataract surgery. In this group, 19 eyes were left aphakic and six eyes were implanted 
with a posterior chamber in-the-bag IOL. The children in Group 2 (25 children) were 18 
months or older at the time of the cataract surgery. All eyes in this group were implanted 
with a posterior chamber in-the-bag IOL. In Group 1 the absolute growth in millimeters 
of the operated eyes was slightly less than in the fellow non-operated eyes (p= 0.049). 
No statistically significant difference in the rate of axial growth between the two eyes 
was found (p= 0.25). A significant larger myopic shift (p<0.0005) and a significant larger 
change in keratometry (p=0.02) were assessed in the operated eyes of these younger 
children. In Group 2 no statistically significant differences were found between the 
operated eyes and the non-operated fellow eyes. More insight into the development 
of the corneal curvature and the shape and position of the (artificial) lens in infants and 
young children after cataract surgery, may contribute to a better prediction and a better 
understanding of final refractive errors in the growing eye.

Chapter 4 reports on the outcome of five eyes implanted with the Artisan aphakia 
IOL, after unilateral perforating corneal trauma and anterior segment injury including 
traumatic cataracts. The nature of injury, the patient characteristics, the clinical 
outcome, the corneal endothelial outcome, the complications, and the subsequent 
surgical interventions were retrospectively evaluated. The mean follow-up period was 11 
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years. One eye had a retinal detachment 19 months after the primary injury and needed 
vitreoretinal surgery. The visual outcome of the eyes in this study was comparable to 
that reported in other studies on eyes after traumatic aphakia. No patients experienced 
IOL dislocation, corneal decompensation, chronic anterior uveitis or cystoid macular 
edema. The favourable long-term outcome in these five patients shows that the Artisan 
aphakia IOL can be a useful lens in the repair of paediatric traumatic aphakia and can 
be considered a treatment option in aphakic eyes of children that lack capsular support 
due to trauma.

Chapter 5 reports on the outcome, after a mean of 8.9 years of follow-up, of the 
implantation of a special design Artisan lens, the custom made Artisan Iris Reconstruction 
IOL, in five eyes after perforating corneal trauma and anterior segment injury including 
traumatic cataract. The Artisan Iris Reconstruction IOL can be implanted in the absence 
of capsular support with significant traumatic aniridia and is used in eyes with severe 
anterior segment injury. In this study the visual acuity improved in two of five eyes, 
remained stable in two of five eyes, and decreased in one of five eyes. Complaints 
of photophobia were reduced, and a satisfactory cosmetic outcome was achieved in 
three of five patients. In two eyes one of the claws of the Artisan iris reconstruction 
IOL dislocated. One of these two eyes also developed a retinal detachment. The clinical 
course of another eye was complicated by a prolonged anterior uveitis and secondary 
glaucoma, requiring surgery. The main issue in this series appeared to be the high rate 
of complications. One should take into account that any eye with a history of extensive 
penetrating trauma is at risk of late complications regardless of IOL implantation. 
Therefore we emphasize the high-risk characteristics of eyes treated with the Artisan 
Iris Reconstruction IOL. Careful patient selection and the surgeon’s experience with 
patient selection and insertion of the IOL are important factors in the outcome of the 
implantation of the Artisan Iris Reconstruction IOL.

Chapter 6 focuses on the outcome of the corneal endothelium of six of the ten 
traumatic eyes that were reported in chapter 4 and 5, and of three eyes after Artisan 
aphakia IOL implantation after unilateral congenital cataract. The parameters that were 
studied were the central endothelial cell density (ECD) in both the operated and the 
normal fellow eye at the last follow-up visit, the percentage of cell loss in the operated 
eye compared with the fellow eye, and the length and the location of the corneal scar 
in the injured eye. The mean follow-up was 10.5 years. In the traumatic cataract group, 
the ECD was, on average, 41% lower in the operated eye, than the normal fellow eye. 
A significant negative linear correlation was found between the length of the corneal 
perforation scar and the ECD. In the congenital cataract group, no statistical difference in 
ECD was found between the operated and the non-operated fellow eye. The substantial 
cell loss in eyes after surgery for traumatic cataract seems to be caused primarily by 
the damage caused by the perforating trauma and the repair surgery and not by the 
presence of the Artisan aphakia IOL.

Chapter 10
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Chapter 7 reports on the 20 eyes of ten patients operated for bilateral congenital or 
juvenile cataract, that were primarily or secondary implanted with the Artisan aphakia 
IOL. The main outcome measure was the ECD at the last follow-up visit. After a mean 
follow-up of 12.3 years, the mean ECD was 2702 cells/mm2. Although this is comparable 
to the mean normal endothelial cell counts in this age group reported in the literature, 
a wide range of ECD was found (1382-3974 cells/mm2). This large range of ECD values 
highlights the importance of future serial endothelial cell counts in our patients, and 
prospective studies on the endothelial cell density after Artisan aphakia intraocular lens 
implantation in young patients.

In Chapter 8 the clinical course and outcome after a mean of 12.7 years of follow-
up after Artisan aphakia IOL implantation in four eyes of two patients with Marfan 
syndrome are reported. A good clinical outcome and endothelial cell densities within the 
expected range for eyes without cataract surgery were found in both patients. Both eyes 
of one of the two patients had a retinal detachment. Corneal endothelial photographs 
of the four study eyes were made at the last follow-up visit. The endothelial parameters 
of the four study eyes were compared to those of 29 control eyes of 15 Marfan patients 
without a history of intraocular surgery, who visit our clinic regularly for periodical eye 
examinations. A normal endothelial cell density, when compared to the control eyes and 
to eyes of normal subjects in the literature was found. However a higher coefficient of 
variation of cell size and a lower percentage of hexagonal cells was found, when compared 
to the control eyes and to normal subjects in the literature. Changes in morphology are 
also reported in non-operated eyes from patients with Marfan syndrome, with the most 
prominent changes in eyes with lens dislocation, and in both eyes of one control patient 
in the current study with a history of RGP contact lens wear. The clinical consequences of 
the morphological changes are unclear, but might be limited, as we found a clear cornea 
and a normal CCT in the four study eyes and the two eyes of the control Marfan patient. 
The Artisan aphakia IOL may be a viable treatment option in the correction of aphakia 
in patients with Marfan syndrome. Larger studies on the Artisan aphakia IOL in Marfan 
patients are needed, to confirm our encouraging long-term clinical results and to assess 
the impact of the endothelial changes that we observed.

In this retrospective study on 37 eyes of 25 children, implanted with the Artisan aphakia 
IOL, good clinical results, few IOL related complications and a normal mean corneal 
endothelial cell density are reported. We believe the strength of our study is the 
long-term follow-up of 8.9 to 12.7 years for the different subgroups. Despite this long 
monitoring period no late complications occurred. 

The most important question remains whether the Artisan aphakia IOL is safe for the 
corneal endothelium in the longer term, and whether the high variability in ECD and 
the morphological changes found will result in problems with corneal clarity after many 
more years, or not. 
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Our results show that the Artisan aphakia IOL is a well performing and efficacious IOL 
which seems comparable to, or even better than, other IOL options to correct aphakia 
in children that lack the necessary capsular support to implant a posterior chamber in-
the-bag or sulcus IOL.

We cannot make definite conclusions about the safety of this IOL based on the current 
studies. However, the Artisan aphakia intraocular lens has shown to be safe in this group 
of paediatric patients that has been followed for more than ten years.  
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Een heldere natuurlijke lens, die centraal in de achterste oogkamer van het oog is 
gepositioneerd, is essentieel voor een scherp gezichtsvermogen. Veranderingen in de 
natuurlijke lens, zoals vertroebeling of verplaatsing, leiden tot vermindering van de 
gezichtsscherpte. Vertroebeling van de lens wordt staar of cataract genoemd. Staar 
komt vooral voor bij volwassenen als gevolg van veroudering, maar kan ook voorkomen 
op de kinderleeftijd en wordt dan aangeboren cataract- congenitaal cataract- of 
kindercataract- juveniel cataract- genoemd. Verplaatsing of dislocatie van de lens 
komt bij diverse ziektebeelden voor; het Marfansyndroom is daarvan het bekendste 
voorbeeld. Verplaatsing kan tevens worden veroorzaakt door een verwonding –trauma- 
van het oog.  

In dit proefschrift worden de effecten beschreven van het implanteren van een 
kunstlens op kinderleeftijd in ogen waar de natuurlijke lens werd verwijderd wegens 
dislocatie als gevolg van trauma of het Marfansyndroom of wegens congenitaal of 
juveniel cataract. De nadruk in dit proefschrift  ligt op de lange-termijnuitkomsten van 
de implantatie van de Artisan aphakie-lens in kinderogen. Deze iris-gefixeerde voorste-
oogkamerlens werd ontworpen door professor Jan Worst uit Groningen en in 1978 door 
hem geïntroduceerd. In Nederland wordt de Artisan aphakie-lens veel gebruikt. Buiten 
Nederland wordt deze lens echter met enige argwaan bekeken, mogelijk als gevolg van 
de negatieve resultaten met voorste-oogkamerlenzen in het verleden. Bij aanvang van de 
studies voor dit proefschrift waren slechts drie publicaties beschikbaar over resultaten 
na Artisan aphakie-lens implantatie in kinderogen. 

Tussen 1987 en 1999 werd in het Academisch Medisch Centrum te Amsterdam de 
Artisan aphakie-lens voor meerdere indicaties geïmplanteerd in de ogen van een groep 
kinderen. Deze kinderen behoorden tot de eersten die deze lens geïmplanteerd kregen. 
Nu, meer dan tien jaar later, was er de mogelijkheid om de lange-termijnuitkomsten 
na implantatie van deze kunstlens in kinderogen te onderzoeken. De patiënten 
werden ingedeeld in verschillende studies op basis van de indicatie voor implantatie 
van de Artisan aphakie-lens. In dit proefschrift is ook een studie opgenomen over de 
groei van het oog na een staaroperatie op kinderleeftijd en de invloed daarvan op de 
refractieuitkomsten. Een mogelijk afwijkende groei van het oog na een staaroperatie op 
kinderleeftijd heeft invloed op de postoperatieve refractie, ongeacht het type lens dat 
werd gekozen voor implantatie.

Hoofdstuk 1, de introductie van dit proefschrift, geeft een overzicht van de geschiedenis 
en ontwikkeling van operatietechnieken en kunstlenzen in de cataract chirurgie. 
De meest gebruikte operatietechnieken voor cataractchirurgie bij kinderen en het 
gebruik van kunstlenzen op kinderleeftijd, waaronder het gebruik van kunstlenzen 
voor zeldzame indicaties, worden besproken. Het belang van nauwkeurige correctie 
van refractieafwijkingen en behandeling van amblyopie (lui oog) wordt benadrukt. De 
functie en structuur van de binnenste laag van het hoornvlies - het endotheel - en de 



135

mogelijke invloed van de Artisan aphakie-lens op deze laag van het hoornvlies worden 
beschreven. 

In Hoofdstuk 2 worden de doelstellingen en de indeling van dit proefschrift 
weergegeven. 

In Hoofdstuk 3 wordt ingegaan op de vraag of de grote spreiding in refractieafwijkingen 
die gezien wordt na staaroperaties bij kinderen een gevolg is van een verandering van 
de groei van kinderogen na een staaroperatie. Vóór de staaroperatie en tenminste 
één jaar daarna werden de oogaslengte, de refractieafwijking en de kromming van 
het hoornvlies gemeten in beide ogen van 45 kinderen, die werden geopereerd aan 
unilateraal cataract. De uitkomsten van het geopereerde oog werden vergeleken met 
de uitkomsten van het niet-geopereerde oog van dezelfde patiënt. De 45 patiënten 
werden verdeeld in leeftijdsgroepen. De kinderen in groep 1 (25 kinderen) waren 18 
maanden of jonger op het moment van de staaroperatie. In deze groep werden 19 
ogen aphaak gelaten en zes ogen kregen een achterste-oogkamerlens geïmplanteerd 
in de kapselzak. De kinderen in groep 2 (20 kinderen) waren ouder dan 18 maanden op 
het moment van de staaroperatie. De 20 geopereerde ogen in deze groep kregen een 
achterste-oogkamerlens geïmplanteerd in de kapselzak. In groep 1 was de absolute groei 
(de toename van de aslengte in millimeters) van het geopereerde oog iets minder dan 
de absolute groei in het niet geopereerde oog (p=0,049). Er was geen significant verschil 
(p=0,25) in de percentuele toename van de aslengte (groei van de aslengte berekend ten 
opzichte van de aslengte bij aanvang) tussen het geopereerde en het niet geopereerde 
oog in deze groep. Een significant grotere verschuiving naar bijziendheid (p<0,0005) en 
een significant grotere verandering in de kromming van het hoornvlies (p=0,02) werden 
gevonden in de geopereerde ogen bij deze jonge kinderen. In groep 2 werden geen 
significante verschillen gevonden tussen de geopereerde en niet geopereerde ogen. 
Er waren dus opvallende verschillen tussen de twee leeftijdsgroepen. Meer inzicht in 
de ontwikkeling van de kromming van het hoornvlies en de positie van de kunstlens 
in de ogen van kinderen jonger dan 18 maanden na een staaroperatie is nodig voor 
een beter begrip van de door ons waargenomen verschillen. Onderzoek van grotere 
groepen patiënten zou betere voorspellingen van de uiteindelijke refractieuitkomsten 
na staaroperaties in het groeiende kinderoog mogelijk kunnen maken.

In Hoofdstuk 4 worden de lange-termijnresultaten beschreven van vijf ogen waarin een 
Artisan aphakie-lens werd geïmplanteerd na een perforerend trauma van het hoornvlies, 
met uitgebreide schade aan het voorsegment, waaronder vertroebeling van de lens 
(traumatisch cataract). Bij deze ogen was er ten gevolge van het trauma onvoldoende 
steun van het lenskapsel om een achterste-oogkamerlens in de kapselzak te implanteren. 
Er werd retrospectief gekeken naar de oorzaak en de aard van de verwonding, de 
patiëntenkarakteristieken, de klinische uitkomsten, de endotheelceldichtheid, de 
opgetreden complicaties en uitgevoerde heroperaties. De patiënten werden gevolgd 
tot gemiddeld elf jaar na de implantatie van de kunstlens. Bij één patiënt trad in één 
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oog 19 maanden na het oorspronkelijke trauma een netvliesloslating op, waarvoor 
netvlieschirurgie noodzakelijk was. De uitkomsten van de gezichtsscherpte waren 
vergelijkbaar met de uitkomsten in andere studies naar cataractextractie na trauma bij 
kinderen. Dislocatie van de Artisan aphakie-lens, decompensatie van het hoornvlies, 
chronische uveitis anterior of cystoid macula-oedeem werden niet gezien. De positieve 
uitkomsten bij deze vijf patiënten tonen aan dat de Artisan aphakie-lens een bruikbare 
kunstlens is in het geval van traumatische afakie met onvoldoende steun van de 
kapselzak. 

Hoofdstuk 5 beschrijft een bijzonder model van de Artisan lens, de Artisan Iris 
Reconstructie intraoculaire lens of irisreconstructielens. Deze lens kan worden gebruikt 
wanneer er naast onvoldoende steun van de kapselzak ook sprake is van te groot verlies 
van irisweefsel om een ‘normale’ Artisan aphakia lens te implanteren. De kleur, de 
afmeting en het aantal pootjes van de irisreconstructielens wordt aangepast aan de 
kleur en het resterende irisweefsel van de betreffende patiënt. Een irisreconstructielens 
werd geïmplanteerd in vijf kinderogen, vanwege problemen met het dragen van een 
contactlens en/of klachten van fotofobie en/of ontevredenheid over het cosmetisch 
aspect. De patiënten werden gevolgd tot gemiddeld 8,9 jaar na de implantatie. De 
gezichtsscherpte verbeterde in twee van de vijf ogen, bleef onveranderd in twee van 
de vijf ogen en verslechterde in één van de vijf ogen. De fotofobieklachten verbeterden 
en het cosmetisch resultaat was bevredigend bij drie van de vijf patiënten. In twee ogen 
raakte één van de pootjes van de irisreconstructielens los. In één van deze twee ogen 
ontstond later een netvliesloslating. Bij één patiënt was er sprake van een langdurige 
uveitis anterior en secundair glaucoom, waarvoor chirurgische interventie nodig was. 
Een opvallende uitkomst in deze serie was het hoge percentage complicaties. Hierbij 
dient te worden vermeld dat ogen die in aanmerking komen voor de implantatie van 
deze speciale kunstlens een ernstig perforerend oogtrauma hebben doorgemaakt. 
Deze ogen hebben een verhoogd risico op complicaties, ongeacht de implantatie van 
een kunstlens. De ervaring van de operateur met het stellen van de juiste indicatie voor 
het implanteren van deze irisreconstructielens is een belangrijke voorwaarde voor een 
positieve uitkomst na het implanteren van deze lens. 

Hoofdstuk 6 beschrijft de effecten van implantatie van de Artisan aphakie-lens op 
het endotheel van het hoornvlies op lange termijn. De endotheelceldichtheid van beide 
ogen van negen patiënten die in één oog een Artisan aphakie-lens geïmplanteerd kregen, 
werd met elkaar vergeleken. In deze studie werden zes patiënten met een perforatie 
van het hoornvlies en traumatisch cataract (hoofdstuk 4 en 5) en drie patiënten met 
unilateraal congenitaal cataract bekeken. De patiënten werden gevolgd tot gemiddeld 
10,5 jaar na de kunstlens implantatie. De endotheelceldichtheid was gemiddeld 41% 
lager in het geopereerde oog in vergelijking met het niet-geopereerde oog van dezelfde 
patiënt in de groep met traumatisch cataract. Er werd een significante negatieve lineaire 
correlatie gevonden tussen de lengte van het perforatielitteken van het hoornvlies en de 
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endotheelceldichtheid in deze ogen met traumatisch cataract. Er werd geen verschil in 
endotheelceldichtheid gevonden tussen het geopereerde oog en het niet geopereerde 
oog van de patiënten in de groep met congenitaal cataract. Het substantiële verschil in 
endotheelceldichtheid tussen het geopereerde oog en het niet geopereerde oog in de 
traumatische groep, lijkt daarom te zijn veroorzaakt door het oorspronkelijke trauma en 
de hersteloperatie en niet door de aanwezigheid van de Artisan aphakie-lens. 

In Hoofdstuk 7 werd het endotheel bestudeerd van het hoornvlies van 20 ogen (tien 
patiënten) die geopereerd werden voor bilateraal congenitaal of juveniel cataract. De 
patiënten werden gevolgd tot gemiddeld 12,3 jaar na de implantatie van de Artisan 
aphakie-lens. Bij de laatste controle was de gemiddelde leeftijd van de patiënten 19,6 
jaar en werd een gemiddelde endotheelceldichtheid van 2701 cellen/mm2 geteld. Dit 
is vergelijkbaar met de normale endotheelceldichtheid voor deze leeftijdsgroep zoals 
die wordt gerapporteerd in de literatuur. De spreiding in endotheelceldichtheid (1382-
3974 cellen/mm2) was echter groter dan de spreiding in de normale populatie zoals 
beschreven in de literatuur. Deze grote spreiding benadrukt het belang van het verrichten 
van toekomstige studies met meerdere endotheelcelmetingen in de tijd. Hiermee 
zouden eventuele oorzakelijke momenten voor de verschillen in endotheelceldichtheid 
gevonden kunnen worden.

In Hoofdstuk 8 wordt het klinisch beloop en de uitkomsten na implantatie van de Artisan 
aphakie-lens in vier ogen van twee kinderen met het Marfansyndroom besproken. Na 
een gemiddelde duur van 12,7 jaar na de implantatie werd een goede gezichtsscherpte 
gevonden. Er traden geen ernstige lensgerelateerde complicaties op. Bij één patiënt 
vond in beide ogen een profylactische behandeling van het netvlies plaats, bij de andere 
patiënt trad in beide ogen een netvliesloslating op. Dit is een bekende oogheelkundige 
complicatie bij patiënten met het Marfansyndroom. Bij de laatste controle werden 
endotheelfoto’s gemaakt van de vier bestudeerde ogen. Het endotheel van deze vier 
ogen werd vergeleken met het endotheel van 29 ogen van 15 controlepatiënten met het 
Marfansyndroom die geen oogoperatie hadden ondergaan; deze patiënten bezoeken de 
polikliniek oogheelkunde regelmatig voor periodieke controle. In de vier bestudeerde 
ogen werd een normale endotheelceldichtheid gevonden, vergeleken met de ogen van 
de controlepatiënten en vergeleken met de normale populatie zoals gerapporteerd in 
de literatuur. Naast de endotheelceldichtheid werd ook gekeken naar de morphologie 
van het hoornvlies. In de vier ogen van de twee patiënten met het Marfansyndroom 
werd een laag percentage aan zeshoekige cellen en een verhoogde variatiecoëfficiënt 
van celgrootte gevonden. De gevolgen van deze verandering in de structuur van het 
endotheel is onduidelijk, maar lijkt in deze vier ogen niet te leiden tot een slechtere 
functie van het hoornvlies, aangezien er een normale hoornvliesdikte en een volledig 
helder hoornvlies werden gevonden. De Artisan aphakie-lens lijkt een gerechtvaardigde 
keuze voor de behandeling van aphakie bij patiënten met het Marfansyndroom en een 
lensdislocatie. Studies met grotere aantallen patiënten zijn echter nodig om na te gaan 
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of de positieve resultaten die zijn behaald bij de patiënten in deze studie kunnen worden 
bevestigd en om de invloed van de gevonden veranderingen in de structuur van het 
endotheel vast te stellen. 

In de algemene discussie, Hoofdstuk 9, worden de resultaten van de studies uit 
dit proefschrift afgezet tegen de gegevens uit de literatuur, waaronder die over het 
gebruik van andere soorten kunstlenzen in kinderogen met onvoldoende steun van het 
lenskapsel. 

In dit proefschrift worden in retrospectieve studies de lange-termijnuitkomsten 
beschreven van 37 ogen van 25 kinderen na Artisan aphakie-lens implantatie. Wij 
vonden goede klinische resultaten, weinig lensgerelateerde complicaties en een normale 
endotheelceldichtheid van het hoornvlies. Een sterk punt van deze studies is de lange 
periode- gemiddeld 8,9 tot 12,7 jaar na implantatie- waarover de uitkomsten werden 
bekeken. Ondanks deze lange termijn, traden geen late complicaties op. De belangrijkste 
vraag blijft of de Artisan aphakie-lens veilig is voor het endotheel op nog langere 
termijn en wat de implicaties zijn van de grote spreiding in endotheelceldichtheid en 
de veranderingen in structuur van het endotheel die wij beschrijven in dit proefschrift.

De resultaten in dit proefschrift tonen aan dat de Artisan aphakie-lens een goed 
functionerende en bruikbare lens is, die tot tenminste vergelijkbare resultaten leidt als 
andere soorten kunstlenzen die worden gebruikt voor het behandelen van aphakie in 
kinderogen met onvoldoende steun van de kapselzak om een achterste-oogkamerlens 
in de kapselzak te implanteren. Op basis van de studies in dit proefschrift kunnen geen 
absolute conclusies getrokken worden over de veiligheid van deze kunstlens. Wel mag 
worden geconcludeerd dat de Artisan aphakie-lens veilig gebleken is in de bestudeerde 
groep van kinderen die meer dan tien jaar gevolgd werd.
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Follow-up form for future studies on the Artisan aphakia IOL

It is in the best interest of our patients to share the knowledge and the broad experience 
with the Artisan aphakia IOL that we, paediatric ophthalmologists in the Netherlands, 
(have) gather(ed). In this thesis we presented the encouraging long-term outcome data 
of 37 paediatric eyes after Artisan aphakia IOL implantation. Analysis of larger data sets 
may result in more definite conclusions. 

While performing the studies presented in this thesis and while analysing the results 
reported in this thesis, we composed a data set of which we feel it should be included in 
a follow-up form for future studies on the Artisan aphakia IOL. An example of the follow-
up form can be found below. 

Future studies on the outcome after Artisan aphakia IOL implantation in paediatric 
eyes should focus on eyes with a loss of capsular support due to (surgical) trauma, 
Marfan syndrome and lens dislocation due to other systemic disorders or isolated eye 
diseases. We suggest that children aged 4 to 16 years are included in future studies.

Many ophthalmic investigations require a cooperative patient that is capable to sit 
upright and concentrate for some time. Therefore a reliable and complete data set 
can only be obtained in children of approximately 4 years and older. However, also in 
children younger than 4 years of age it is advised to perform as many tests as possible. 
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Patient characteristics     
patient number     
date of birth     
male/ female     
Surgery     
operated eye OD/ OS     
indication for surgery     
date of the surgery     
serial number Artisan IOL     
IOL power     
target refraction     
positioning of IOL     
peroperative complications/ notes     
Assesment preop at 0-6 mo at 6 mo at 12 mo Every year     
clinical parameters*                                              
(slitlamp) x x x x x     

iris and IOL characteristics** 
(slitlamp) 

x               
+ AS image x 

          
x             

+AS image 
x 

+AS image 
x               

+AS image     
endothelial assessment, including 
endothelial cell counts, 
morphology and central corneal 
thickness                              
(non contact specular microscope) x   x x x     
axial eye length, including anterior 
chamber depth                                       
(IOL master) x   x x x     
refractive error and keratometry                 
(autorefractor/ retinoscope) x x x x x     
          
*BSCVA, binocular function, stereopsis (TNO/Titmus), eye position, corneal clarity and diametre, anterior chamber clarity, IOP, funduscopy    

** iris transillumination, iris atrophy and location, grip claws/ earring claw, iridodonesis, phakodonesis/ pseudophakodonesis, pupil distortion, IOL centration    

anterior segment (AS) images: Overall anterior segment photograph, using diffuse illumination, magnification 6 or 10, with slitlamp camera. See image. 
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Graag wil ik iedereen bedanken die van betekenis is geweest bij het tot stand komen van 
dit proefschrift, een project waar ik met heel veel plezier aan heb gewerkt. 

Allereerst wil ik alle patiënten en hun ouders bedanken die hebben bijgedragen aan het 
onderzoek beschreven in dit proefschrift. Hierbij denk ik met name aan de patiënten 
die een Artisan aphakie-lens geïmplanteerd kregen en aan de patiënten van het kinder-
Marfan-spreekuur. Door het contact met, en de verhalen van deze patiënten was het 
niet moeilijk mijn enthousiasme voor het onderzoek te bewaren. 

Graag wil ik in dit dankwoord Nitza Gortzak-Moorstein memoreren. Nitza Gortzak-
Moorstein was een gedreven oogarts en een zeer vaardig oogchirurg. In een tijd waarin 
er nog geen richtlijnen bestonden voor het implanteren van kunstlenzen bij kinderen, 
durfde zij het aan om de Artisan lens bij kinderen toe te passen. Hiervan deed zij 
nauwkeurig verslag. De groep kinderen waarbij de lens geïmplanteerd werd, is tot op 
heden grotendeels onder controle in het AMC. Het is voor mij leerzaam geweest om 
aan het begin van dit promotie onderzoek samen met Nitza een aantal patiënten te 
onderzoeken en het is een eer geweest om het werk van haar hand te mogen beschrijven. 
Nitza Gortzak-Moorstein overleed op 27 december 2004.

Mijn promotor, Professor Mourits, beste Maarten. Bedankt voor de tijd die jij me heb 
gegund om aan dit proefschrift te werken. Jouw beschouwende blik en oog voor de 
grote lijnen zijn dit proefschrift ten goede gekomen. Bedankt voor je aanmoedigingen in 
de laatste fase van het schrijfproces.

Mijn co-promotoren, prof. dr. Völker-Dieben, dr. Odenthal en dr. Prick. Een stevig 
damesteam waarmee ik vele avonden heb doorgebracht. Van een afstand leek het 
misschien een gezellig theekransje en dat was het ook, maar daarnaast werd er steevast 
zeer efficiënt gewerkt. 

Professor Völker- Dieben, beste Hennie. Een heel aantal jaren geleden vatte jij voor 
mij kort en krachtig samen hoe je een artikel opzet: Why, How, What, So what? Het 
receptenpapiertje waarop deze vier aanwijzingen staan, hangt nog steeds boven mijn 
bureau. Gedurende de afgelopen jaren heb jij altijd gezorgd dat ik de grote lijnen in zicht 
hield en geprobeerd mij af te houden van al te veel afwijken van het doel. Zowel waar het 
ging om het onderzoek als ook om mijn werkzame carrière. Jij bent de grote drijvende 
kracht achter dit proefschrift geweest, waarvoor ik je heel hartelijk wil bedanken. Het is 
voor mij een grote eer dat jij mijn co-promotor wilt zijn. 

Dr. Odenthal, beste Monica. Ik heb grote bewondering voor jouw vermogen om met 
weinig woorden heel veel te zeggen en zaken samen te vatten. Jouw grote oog voor 
detail en kritische blik zijn van onschatbare waarde geweest bij het tot stand komen van 
dit proefschrift. Zonder jou was dit proefschrift er niet geweest. 
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Dr. Prick, beste Liesbeth. Jij hebt in de afgelopen decennia de kinderen die betrokken 
waren bij dit onderzoek gevolgd op de polikliniek oogheelkunde. Het is mooi om te 
zien hoezeer de patiënten en hun ouders jou waarderen. In het geval dat er patiënten 
twijfelden of ze een keer extra wilden komen voor een meting was het voldoende om 
ze over de streep te trekken door te zeggen dat jij ook even je hoofd om de hoek zou 
steken. Bedankt voor je goede zorgen, de koek en zopie, en de goede raad waarmee je 
altijd voor mij klaar staat. 

  
De leden van de promotiecommissie, prof. dr. Van Leeuwen, prof. dr. Van den Horn-
Kok, prof. dr. Van Rij, prof. dr. Imhof, prof.dr. Schalij-Delfos en dr. Cobben, wil ik hartelijk 
danken voor de tijd die zij besteed hebben aan de beoordeling van mijn manuscript en 
voor de bereidheid om plaats te nemen in de promotiecommissie. 

Mijn mede-auteurs uit het Oogziekenhuis Rotterdam, Tjeerd de Faber, Martha Tjon-
Fo-Sang, Denise Doelwijt en René Wubbels wil ik hartelijk danken voor de mogelijkheid 
om tijdens mijn fellowship een patiëntengroep uit het Oogziekenhuis te onderzoeken en 
te beschrijven. Ons artikel is het tastbare resultaat van een inspirerend jaar in Rotterdam. 

Graag wil ik alle collega’s in het Medisch Centrum Jan van Goyen en het Medisch Centrum 
Alkmaar bedanken voor de interesse die ze hebben getoond in mijn onderzoek en voor 
de goede samenwerking. 

In het AMC dank ik alle medewerkers, collega oogartsen en (oud) arts-assistenten van 
de afdeling oogheelkunde, de collega’s van het kinder-Marfan spreekuur, het volwassen-
Marfan spreekuur en het NIN en de collega’s van het Emma Kinderziekenhuis, voor de 
leerzame en inspirerende omgeving die zij samen vormen.  

Dick de Vries wil ik bedanken voor de mooie voorsegment foto’s in dit proefschrift, 
welke voor een deel hun oorsprong hadden in de donkere kamer en moesten worden 
omgezet naar digitale bestanden. 

Pauline Kok, Marilette Stehouwer, Frank Verbraak, professor Reinier Schlingemann 
en Monique Stam wil ik in het bijzonder bedanken voor hun advies en praktische 
hulp op momenten dat ik voor statistische, methodologische, computer technische of 
organisatorische vraagstukken kwam te staan. 

Antonella Bijl-Witmer wil ik enorm bedanken voor het verzorgen van de lay-out van 
dit proefschrift.

Sofie Odenthal bedank ik voor het corrigeren van de Engelse teksten. 

Mijn familie en vrienden. Bedankt voor jullie interesse in mijn bezigheden, gezelschap en 
waar nodig aanmoedigingen! 

De herfstvakantie club. Jullie zien mij door de jaren heen studeren, voordrachten 
oefenen en aan mijn proefschrift schrijven. Ieder jaar kan ik jullie oprechte interesse 
in wat mij bezig houdt verwachten. Bedankt voor jullie bijdrage aan mijn manuscript 
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tijdens de afgelopen vakantie. 
Mijn paranimfen, Amarinkse Sminia en Irene van Liempt. Amarins, ik vind het geweldig 

dat jij naast mij staat op deze dag. Ik kan het weer niet laten, want  het zegt alles: ‘I am 
glad you are my sister, I am glad you are my friend!’. Ireen, jij bent mijn trouwste fan waar 
het gaat om het bijwonen van mijn praatjes over de Artisan. Of het nou in Manchester, 
Geneve, Villamoura of Groningen is,  jij zit in de zaal. Voor jou is het denk ik ook een 
feest dat dit project klaar is en dat ik in het vervolg een ander onderwerp voor mijn 
voordrachten moet kiezen. 

Pap en mam. Bedankt voor jullie onvoorwaardelijke steun en liefde. Ongeacht het  
moment stonden en staan jullie met raad en daad voor ons klaar. Bedankt voor jullie 
nuchtere kijk op, en medeleven bij dit toch wel heel tijdrovende project. Jullie bijdrage 
was onmisbaar. 

Lieve Bret. Bedankt voor jouw liefde en luisterend oor, jouw positieve kijk op de dingen 
en het plezier dat wij samen hebben. En natuurlijk voor jouw niet-aflatende vertrouwen 
dat dit proefschrift er ging komen. Ik verheug me erop de avonden weer aan dezelfde 
kant van de schuifdeuren door te brengen! 

Gijs en Minke. Wat hebben jullie op een prachtige manier bijgedragen aan de omslag 
van mijn boekje. Ik ben enorm trots op jullie. Nu is het echt af!
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Marije Sminia werd op 5 februari 1975 geboren te Haarlem. Nadat zij in 1993 haar 
gymnasium ß diploma behaalde aan het Eerste Christelijk Lyceum te Haarlem, studeerde 
zij geneeskunde aan de Vrije Universiteit te Amsterdam. Naast haar studie was zij 
gedurende een jaar vicevoorzitter van de studenten roeivereniging Okeanos en later 
secretaris van de algemene sportvereniging van de Vrije Universiteit. Tijdens haar 
coschappen raakte zij geïnteresseerd in de oogheelkunde en gedurende een oudste 
coschap interne geneeskunde in het Diaconessenhuis te Paramaribo, Suriname, kreeg 
zij de mogelijkheid een deel van haar tijd door te brengen op de afdeling oogheelkunde 
in het Academisch Ziekenhuis Paramaribo. Na het behalen van het artsexamen in 2000, 
begon ze haar eerste baan als zaalarts kinderchirurgie in het Wilhelmina Kinderziekenhuis 
te Utrecht. Een boeiende en zeer leerzame periode, waarin de ambitie ontstond om zich 
in te zetten voor de gezondheid van kinderen. Na kortdurend op de afdeling interne 
geneeskunde te hebben gewerkt in Ziekenhuis Amstelland te Amstelveen, startte zij in 
juni 2001 als zaalarts oogheelkunde in het AMC. In maart 2002 begon zij hier aan haar 
opleiding tot oogarts. Tijdens de opleiding verdiepte zij zich in de kinderoogheelkunde, 
door onder andere onderzoek te verrichten voor dit proefschrift. Daarnaast kreeg zij de 
kans om een aantal weken door te brengen op de afdeling kinderoogheelkunde van het 
Moorfields Eye Hospital te Londen. In juni 2007 rondde zij de opleiding tot oogarts af, 
waarna zij gedurende een jaar een fellowship kinderoogheelkunde en strabismus volgde 
in het Oogziekenhuis Rotterdam. Sinds 2008 is zij parttime werkzaam als oogarts bij de 
afdeling oogheelkunde van het AMC met als aandachtsgebied kinderoogheelkunde. 
Daarnaast is zij vanuit het Emma Kinderziekenhuis te Amsterdam als oogarts betrokken 
bij het multidisciplinaire Marfan spreekuur en in deze functie lid van de medische 
adviesraad van de Contactgroep Marfan Nederland. Naast haar aanstelling in het AMC 
was zij van 2008 tot 2010 werkzaam als algemeen oogarts in het Medisch Centrum Jan 
van Goyen te Amsterdam. Haar werkzaamheden in dit centrum verruilde zij eind 2010 
voor haar huidige positie in het Medisch Centrum Alkmaar.
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