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Summary 

IOL implantation is increasingly used for the correction of pediatric aphakia. The  IOL  in  a  child is supposed  to remain  in  the  eye  for  many  decades  so  these  eyes  should  be  spared  from  the  long-term  complications  associated  with  the  presence  of  IOL  caused  by the  mechanical  factors  and  instability  of  a  synthetic  material  in  the  eye.  Therefore  the  problem  of  IOL  choice  is  of  much  greater  importance  in  children  than  in  adults. However, IOLs which are used in cataract surgery in children are usually designed to fit to the sizes and requirements of adult eye and is no IOL which is produced only for the implantations of in the children’s eye. Implantation of some of these “adult” IOLs must be avoided in children because of the potential postoperative complications. Up to now there are no general guidelines which IOLs are the most recommended for the implantation in children and paediatric cataract surgeons must consider in every child the use of the most appropriate IOL. 

The aim of the paper is to discuss the features of the IOLs which are the most suitable for implantation in children (size of the optics and haptics, angulations, optic configuration, IOL material, its design, prevention of decentration and backward movement, square edges of IOL, IOL filters and method of its delivery into the eye). Analysis of these features indicate that IOL  the most appropriate for the implantation in children should be: hydrophilic acrylic, one piece, biconvex IOL with 10-11 mm haptic diameter,  5,75 – 6,0 mm optic diameter and closed loop, complex haptic which can adapt both to capsular shrinking and capsular growth, prevent decentration and backward movements of the lens, ensure very good stability inside capsular bag and should be implanted with the use of injector with the nozzle diameter smaller than 2,0 mm. 
Streszczenie
Soczewki wewnątrzgałkowe są coraz częściej wszczepiane w trakcie operacji zaćmy u dzieci. Wszczepiona soczewka musi pozostać w oku przez wiele dziesiątków lat. Dlatego też  nie powinna ona powodować zmian w gałce ocznej wywołanych zarówno przez czynniki mechaniczne jak i niestabilność materiału z którego jest ona zbudowana. W związku z tym problem wyboru odpowiedniej soczewki ma o wiele większe znaczenie w chirurgii zaćmy u dzieci niż u dorosłych. W chwili obecnej jednak soczewki, które są  stosowane u dzieci są projektowane biorąc pod uwagę wielkość oka dorosłego człowieka  i związane z tym wymagania. Aktualnie żadna z produkowanych soczewek wewnątrzgałkowych nie jest przeznaczone specjalnie do wszczepiania u dzieci Dlatego też niektóre z nich nie mogą być stosowane u dzieci ze względu na możliwość wystąpienia powikłań pooperacyjnych. Brak jest również ogólnych zaleceń, jakim warunkom powinny odpowiadać soczewki do implantacji w chirurgii zaćmy u dzieci i każdy chirurg wykonujący takie operacje musi sam dokonać wyboru. 
Celem pracy było omówienie cech soczewek wewnątrzgałkowych, które są najbardziej odpowiednie do stosowania u dzieci (wielkość części optycznej i haptycznej, angulacja, konfiguracja części optycznej, materiał, konstrukcja, zapobieganie decentracji i przesunięciu do tyłu, ostre krawędzie, filtry soczewkowe metoda wszczepiania soczewki do oka). Zestawiono cechy „idealnej” soczewki wewnątrzgałkowej do wszczepiania u dzieci. Powinna to być soczewka hydrofilna, jednoczęściowa, dwuwypukła o średnicy części haptycznej 10-11 mm i optycznej  5,75-6,0 mm, z kompleksową haptyką w kształcie zamkniętej pętli, która może dostosować się zarówno do obkurczania się jak i wzrostu torebki soczewki wraz z wiekiem, zapobiec decentracji i przesunięciu do tyłu części optycznej oraz zapewnić bardzo dobrą stabilność w worku torebkowym. Soczewka taka powinna być wszczepiania przez injektor o średnicy końcówki mniejszej niż 2,0 mm.  
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In the recent years IOL implantation is increasingly used for the correction of paediatric aphakia. However, IOLs which are used in cataract surgery in children are usually designed to fit to the sizes and requirements of adult eye. There is no IOL which is produced only for the implantations  in the children’s eye (some years ago Ioltech Co. produced IOL design specially for paediatric implantation but its production was stopped). The  IOL  in  a  child is supposed  to remain  in  the  eye  for  many  decades  so  these  eyes  should  be  spared  from  the  long-term  complications  associated  with  the  presence  of  IOL  caused  by the  mechanical  factors  and  instability  of  a  synthetic  material  in  the  eye.  Therefore  the  problem  of  IOL  choice  is  of  much  greater  importance  in  children  than  in  adults. Up to now there are no general guidelines which IOLs are the most recommended for the implantation in children and paediatric cataract surgeons must consider in every child the use of the most appropriate IOL. 

The aim of the paper is to discuss the features of the IOLs which are the most suitable for implantation in children. The features of “ideal” IOL the most appropriate for the implantation in children will be compiled. 
Considering the choice of IOL for implantation in children one should take into the account the following features of these optical devices: size of the optics and haptics, angulations, optic configuration, IOL material, its design, prevention of decentration and backward movement, square edges of IOL, and IOL filters. 
I.     Size of haptics
One of major problems in choosing an IOL for a child relates to the changing in eye size during growth. The mean diameter of the crystalline lens at birth is 6mm, 8,3mm at 2 years and 9,3mm at 16 years [1]. The size of the capsular bag in the equator to equator  is slightly bigger and is 7mm at birth, 9,0mm at 2 years and 10,2mm at 16 years [1, 2]. The average size of currently available adult-sized, in-the-bag IOLs is 12mm. Of course the haptics are compressible and can adjust to the smaller size of capsular bag but for children younger than 1 year these IOLs could be oversized and they can produce spring-like effect.  For these children the “ideal” size of IOL should be 10-11mm. The haptics should also have the possibility  of  adaptation  of  haptics  both  to  capsular  shrinking  and  capsular  growth (see further).
II.     Size of optics

The bigger the size of optic the bigger the length of the wound and the bigger postoperative astigmatism. Its is very important in small children because astigmatism higher than 2,5 D is strong amblyopiagenic factor. From the other size if optic is too small dysphotoptic phenomenon can be produced because of distribution of light around the optic edge in mezopic conditions. It occurs especially in some IOLs with square edges. Therefore foldable IOLs should be preferably used in children because they can be inserted through the wound smaller than 3mm. If rigid IOLs are used we advice the use of oval 5x6 mm optic which is can be implanted through the 5mm incision but is not too small to produce dysphotopic phenomenon. Foldable IOLs used for microincision cataract surgery (MICS) which offer the possibility of insertion through the incision smaller than 2mm are probably to elastic and soft to counteract the pressure exerted by the shrinking of the capsular bag in children. Recently Rayner Co. has introduced new injectors for their C-flex and Superflex IOLs which enable to implant standard lenses of 5,75 and 6,25 mm and  standard thickness through the incisions of 1,8 and 2,0 mm. 
III.    Haptic angulations
Haptic angulation was introduced to IOLs design to enhance contact between posterior IOL surface and posterior capsule to diminish development of posterior capsule opacification (PCO) and to place IOL away from the iris tissue. In children lens epithelial cells proliferation (LEC) is exaggerated and thick fibrotic membrane with PCO develops very quickly. Therefore primary posterior capsulotomy with anterior vitrectomy is usually performed in children. In this situation the good adherence to the capsule (to prevent PCO)  is not necessary. Besides it has been shown that barrier effect of the IOL’s truncated, square-edged optic can overrides the angulation factor in preventing PCO [3]. From other side angulation can endanger the stability of IOL and lead to its dislocation by pushing IOL against posterior capsule with capsulotomy. Therefore in paediatric cataract surgery the IOLs with haptic angulation is not recommended. 
IV.       Optic configuration
Modern IOLs are designed with biconvex and plano-convex  optic configuration. More popular  is now biconvex configuration because it creates better apposition of posterior IOL surface and posterior capsule. In children also biconvex IOLs are preferable because of better contact of edges of posterior capsulotomy with posterior IOL surface. After implantation of plano-convex IOL free space between posterior IOL surface and the parts of posterior capsule around the capsulotomy could develop creating better conditions for LEC proliferation. 
V.      IOL material
Problem of  material used for manufacturing of IOLs  for implantation in children is very important because the  IOL  in  a  child will remain  in  the  eye  for  many  decades. So  these  eyes  should  be  spared  from  the  long-term  complications  associated  with  the  instability  of  a  synthetic  material  in  the  eye.  Modern IOLs are produced from PMMA, HEMA, silicone, hydrophobic and hydrophilic acrylic copolymers and collamer (polymer of collagen and HEMA).  Biocompatibility of the IOL material can be divided into uveal and capsular. The other aspect of this problem concerns the resistance against force of shrinking capsular bag. In the literature there is no papers comparing biocompatibility of different IOL materials in the eyes of children although some papers describe biocompatibility of one type of IOL.[4] Much more papers is devoted to IOL biocompatibility in adult patients [5, 6, 7, 8, 9] but because of increased tissue reactivity known to occur in children we do not know to what extent these data are relevant to children. These studies have shown that hydrophilic acrylic material has the best uveal but worse capsular biocompatibility and hydrophobic acrylic material lower uveal but better capsular biocompatibility. Silicone lenses have slightly lower and PMMA IOLs the worst biocompatibility. The reason why hydrophilic lenses are the best tolerated by eye tissues can be connected with extremely low interfacial tension (difference in surface energy of a material and its surrounding environment) of these lenses. 
In children much more important is uveal biocompatibility  because the  IOL  in  a  child will remain  in  the  eye  for  many  decades. Capsular biocompatibility is much less important because of performance of posterior capsulotomy and frequent use of  IOLs with square edges which can overrides lower capsular biocompatibility [10]. 

Because problem  of IOL biocompatibility is  very  rarely  the  subject  of  clinical  studies  and considerations  in  the  ophthalmic  literature the author of these review has performed studies on the biocompatibility  of different IOLs in children. In the study the uveal and capsular biocompatibility of PMMA, PMMA heparin-surface-modified (HSM), acrylic hydrophobic and acrylic  hydrophilic  IOLs  were compared in 100 children aged 1,5 to 8 years after surgery of congenital cataract.  In the study IOL precipitates, IOL pigment deposits, IOL – iris synechias at the papillary margin and proliferation of LEC have been evaluated 1 year after surgery with the use of grading systems developed for this study. The results of the observations have demonstrated superior  uveal  biocompatibility of acrylic  hydrophilic  IOLs in  children and  good biocompatibility of acrylic  hydrophobic IOLs. PMMA HSM IOLs have had  lower  biocompatibility than the two previous lenses and PMMA IOLs the lowest toleration inside the eye. Acrylic hydrophobic  IOLs  caused the  lowest  LEC proliferation,  although  proliferation   after  implantation  of  acrylic  hydrophilic  IOLs  was  nearly  comparable [11]. 
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Figure 1. The results of biocompatibility studies of different IOL materials in 100 children after intraocular lens implantation (11).  

Rycina 1.  Wyniki badań nad biokompatybilnością wszczepionych soczewek wewnątrzgałkowych wykonanych różnych  materiałów u 100 dzieci (11).

It is also know that acrylic  hydrophilic  IOLs have low damage potential when touching the corneal endothelium. It could be of advantage in children because of frequent eye rubbing after operation in this age group. 

Up to now there is no information about the use of collamer IOLs in children.  
IOL  in  a  child will remain  in  the  eye  for  many  decades. So, there is increased possibility that during this time vitreoretinal problems will develop necessitating the performance of vitrectomy with silicone oil use. Interaction between silicone oil and IOL have been reported  causing significant visual loss and aberration for the patient as well as obstruction of the fundus view. This complication  has been observed mainly after implantation of silicone IOLs. To smaller extent this problem concerns all hydrophobic IOLs. Studies of McLoone [12]  and Apple [13] have shown that IOL coating by silicone oil was 100% for silicone, 20% for PMMA, 17% to 33% for acrylic hydrophobic, and 5% for acrylic hydrophilic IOLs. 
Removal of hydrophobic IOLs from the capsular bag is quite difficult because of its strong adherence to the anterior and posterior capsule. The adherence of  hydrophilic IOLs  is much weaker and they can be removed and replaced by the second IOL (author’s experience). Because the possibility of replacement of IOL (e.g. because of big changes of refractive power, higher reactivity of children’s eye tissues) in children is more probable than in adult patients so hydrophilic IOLs will be more suitable for paediatric implantations. 

All above facts suggest that acrylic  hydrophilic  IOLs will be the best tolerated and stabile in children’s ocular tissues and therefore they are the most suitable to remain  inside  the  eye  for  many  decades.

VI.     IOL design

As mentioned previously there is no IOL which is produced only for the implantations of in the children’s eye. So, which features of the existing IOLs designs are the most appropriate for the implantation in children? 
Modern IOLs are produced as one piece or three piece design. Because mechanical connection of two different materials always will be the weakest point of the design one can expect that one piece lenses are more “durable” to remain  inside the patient  eye  for  many  decades.

Very important feature of IOL design is possibility of adaptation of haptics both to capsular shrinking and capsular growth and prevention of lens decentration and backward movement. It is known that contraction of capsular bag in children is more extensive than in adults due to intensive capsular fibrosis. 
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Figure 2.  Intensive capsular fibrosis and contraction 1,5 year after IOL implantation in 3 year-old boy.
Rycina 2  Znaczne zwłóknienie i obkurczenie się torebki po wszczepieniu soczewki wewnątrzgałkowej u 3 letniego chłopca.  

Therefore haptic design should  prevent capsular bag stretching (resulting in capsulorhexis ovaling and capsular folds and striae) in the immediate postoperative period. For the long-term it should resist to capsular contraction, adapt to ocular and capsular growth and retain stable and central IOL position with no posterior vaulting.  In children very important is the last point because presence of posterior capsulotomy can diminish IOL stability and  backwards vaulting can produce refractive power changes. Studies of Pandey et al have shown that the smallest ovaling and capsular stretch in the immediate postoperative period can be seen after implantation of AcrySof (Alcon Inc., USA) IOL [14].  The disadvantage of this lens is its flexible haptic to optic junction (knee). It can adapt to small capsular bag size and ocular and capsular growth but it can not resists capsular contraction. In my opinion more suitable for this purpose are IOLs with closed loop, complex haptic (like C-flex (Rayner Inc., UK).  This kind of haptic can easily change its diameter, adapt to growth changes and simultaneously allows continuing resistance to the capsular contraction whilst maintaining its central position and planar attitude.  It has also very good capsular bag stability which is improved by the occurrence of square edges. This IOL has not been studied by Pandey et al [14]. 
Some of the lenses like silicone or collamer plate IOLs are less recommended for implantation in children because of its flexibility and low resistance against shrinking forces of capsular bag. There are reports that plate silicone IOLs can dislocate after Nd:YAG laser posterior capsulotomy in adults. These IOLs have “slippery” surface (especially if wet) and are less adherent to ocular tissues. Besides the plate design is connected with lower stabilization of these lenses in capsular bag. Therefore one can expect that these IOLs will have the tendency to dislocation in presence of posterior capsulotomy. This tendency can increase with growing shrinking force of capsular bag.   

Square edges are usually now standard in foldable IOLs. If adequate posterior capsulotomy is performed in children visual axis occlusion occurs very infrequently and square edges are not so important as in adult patients. However, LEC proliferation can be very intensive in children and sometimes one can seen proliferating LEC hanging over the edge of posterior capsulotomy, degrading the view of peripheral retina. To diminish it IOL for paediatric implantations should have square edges. 
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Figure 3 Proliferating LEC hanging over the edge of posterior capsulotomy 1 year after IOL implantation in 5 year-old boy.
Rycina 3 Proliferujące komórki nabłonka soczewki przekraczające  brzeg tylnej kapsulektomii 1 rok po wszczepieniu soczewki wewnątrzgałkowej u 5 letniego chłopca. 

Multifocal implants (both refractive and diffractive optic) are used very rarely in paediatric cataract surgery [15]. Lack of accommodation is of the factors responsible for the abnormal development of binocular vision in children. So, implantation of multifocal or (pseudo)accommodative IOLs may create better condition this development. However these IOLs have many disadvantages: problems with IOL power calculations (how to calculate power in the growing eye), loss of contrast sensitivity and glare and halos from light sources during night vision [14, 15]. Centration problems and more postoperative complications after the implantation of multifocal IOLs in children have been also reported [14]. Therefore some ophthalmologists caution against the use of these implants in children [15]. One can also expect that for small children it will be difficult to find the distant or near zones. Open question is also how implantation of these lenses will influence amblyopia treatment (distinction and selection of simultaneous, different images by the developing brain in a child). 

Up to now there are no reports about implantation of accommodative IOLs. We do not know how these implants will be functioning in fibrosed, “stiff” capsular bag in children. 
VII.     IOL filters

Implantation of IOL in children will leaves the retina exposed to the potential harmful action of blue light for many decades. It can induce changes predisposing to development of age-related macular degeneration. So, IOLs with blue light filters (as AcrySof Natural, Alcon Inc., USA) would be more beneficial for  implantations in children than in adults. Up to now the yellow dye can be integrated  only in hydrophobic IOL material. However, blocking of blue light reduce scotopic vision to that of a 50-year-old, making it more difficult to operate under mesopic and scotopic conditions. Besides the long-term effects of filtering blue light by these IOLs and its  clinical efficacy in prevention of macular degenerations have not been conclusively established. So, now it is difficult to say about disadvantage-to-benefit ratio in favor of  blue filtering IOLs.  
VIII. Implantation method

Implantation with injector generally is more “aseptic” than with folding forceps. Therefore the use of injectable IOLs with the single use injector should diminish the occurrence of postoperative, intraocular inflammations.  Besides injector enables better folding of IOL and smaller incisions than with folding forceps. New Rayner Co. injectors design for standard C-flex and Superflex IOLs enable to implant standard lenses of 5,75 and 6,25 mm and  standard thickness through the incisions of 1,8 and 2,0 mm. 

Conclusion
Analysis of  possibility of use of different kinds of IOLs in children indicate that IOL most suitable for the paediatric implantation should be: hydrophilic acrylic, one piece, biconvex IOL with 10-11 mm haptic diameter,  5,75 – 6,0 mm optic diameter and closed loop, complex haptic which can adapt both to capsular shrinking and capsular growth, prevent decentration and backward movements of the lens, ensure very good stability inside capsular bag and should be implanted with the use of injector with the nozzle with diameter smaller than 2,0 mm. 
TABLE   I
The  features  of  “ideal” IOL  for  the  implantation  in  children
1. No   anterior  chamber  IOLs

2. IOL  haptic  size -  10,0 – 11 mm 

3. Haptics  angulation  -  0 º 

4. Foldable   optic  sized 5,75 – 6,0 mm  (rigid  -  5x6  mm)

5. Biconvex

6. Material  -  hydrophilic  acryl

7. IOL  design                                                                                                                                            a. Single  piece

            b. Possibility of  haptics  adaptation  without  IOL  decentration  in     

                 response  to  capsular  growth  or   its contraction  (no posterior  

                 vaulting) - probably complex, closed loop haptic

            c.  Very good torsional and rotational stability of IOL in capsular bag
            d.  Square  edges
      8.   Blue  filter ? 
      9.  Possibility  of  implantation  with the  use  of  injector with the nozzle diameter smaller than 2,0 mm. 
Tabela I

Cechy „idealnej” soczewki wewnątrzgałkowej do wszczepiania u dzieci. 

1. Nigdy  przedniokomorowa

2. Średnica części  haptycznej  -  10,0 – 11,0 mm

3. Kąt odchylenia części haptycznej 0° 

4. Zwijalna  o średnicy części optycznej  5,75 – 6,0 mm 
      (soczewka sztywna  -  5x6  mm)

5. Dwuwypukła

6. Materiał  - akryl   hydrofilny

7. Typ  soczewki  - 

a. jednoczęściowa

b. możliwość adaptacji  części  haptycznej  bez  decentracji części optycznej odpowiednio do zmian wielkości torebki wskutek jej wzrostu lub obkurczania się - kompleksowa haptyka z  zamkniętą pętlą 

c. dobra stabilizacja soczewki w worku torebkowym (brak rotacji i skręceń)

d. ostre krawędzie  części  optycznej  i  haptycznej

8. Filtr niebieski?

9. Możliwość implantacji przy  pomocy injektora o średnicy końcówki mniejszej niż 2 mm
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