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LASIK

It the most common eye operation in the world.  Over a million Laser Vision Corrections of refractive errors are done in the US every year and a similar number in India.

What happens in LASIK

This is a procedure where in a cornea is made flatter to focus the external light rays on the retina.  It involves making a thin cut in the cornea and applying precise laser energy to make the central cornea flatter and thereby changing the focal point of the eye.  It has no effect on the lens or retina.

How does lasik Vison differ from Normal Vision

Following Lasik most patients are able to read 6/9 or better.  However the quality of their vision is not the same as spectacle vision.  Most patients who have refractive errors which make them spectacle dependant don’t mind that as a trade off for not needing to wear glasses to see distant objects. The main complaint that they have are

1. Slight blur/ ghosting to their vision.

2. Glare of head-lights  at night

3. Slight decreased contrast sensitivity

4. Feeling of dryness in eyes

5. Near vision difficulty

6. Over and under correction by 0.50D

All of these improve over a period of time, some people get used to the new situation earlier than others.  One must understand that these problems are due to the splitting of the cornea that has become a 2 piece tissue as against the single piece existing naturally.  Over a period of time the 2 pieces blend and the brain also adapts to minimise the disability.

In some patients halos appear. This happens when the treatment zone is smaller than the pupil diameter especially in dim light.  Therefore measurement of pupil diameter is always done before operating on any patient.

The above vision compromise happens in a successful lasik.  Lasik is not a complication free procedure.  Rare complications like infection and inflammation (DLK) can occur.  

Infections are very rare and caused by rare organisms and need lengthy treatment by drops. It usually affects the eventual visual outcome by scarring the cornea.

Inflammations are usually controlled by intensive steroid drops for a period of 4- 6 weeks  and do not affect the visual outcome

Flap  related complications can happen in very steep or very flat corneas.  These are also rare and do not affect the visual outcome of surgery.

A patient can actually help in getting a good result by focussing on the fixation light throughout the procedure.  The slight over or under correction is because each eye behaves differently and each individual has different healing rate.

Wavefront Diagnostics & Custom Treatment

Summary
Wavefront-guided LASIK is a promising new technology that provides an advanced method for measuring optical distortions in the eye. Measuring and treating these distortions goes beyond nearsighted, farsighted, and astigmatism determinations that have been used for centuries. As a result, physicians can now customize the LASIK procedure according to each individual patient’s unique vision correction needs. The treatment is unique to each eye, just as a fingerprint is unique. Wavefront systems work by measuring how light is distorted as it passes into the eye and then is reflected back. This creates an optical map of the eye, highlighting individual imperfections. 

Wavefront technology functions as a roadmap for LASIK surgery, providing benefits to the patient during both the evaluation and treatment process.

- During the patient evaluation process, wavefront provides the physician comprehensive individual diagnostic information, not available using earlier technologies. Thus, before surgery even begins, the surgeon is better able to determine the appropriate course of treatment. 

- During treatment, wavefront allows the surgeon to tailor the laser beam settings, making the surgical procedure itself more precise. In this way, wavefront technology offers the patients sharper, crisper, better quality vision, as well as a reduction in nighttime vision difficulties, such as halos and glare. 

Wavefront technology is an adjunct tool used to enhance an already safe and effective procedure. As the most common form of vision correction surgery, LASIK has already benefited millions of patients. The increased safety and the improved quality of vision benefits of customized procedures are an important technological advancement for patients and physicians alike. 

Visual Errors

For purposes of this discussion, there are two categories of visual errors or “aberrations:” second-order and higher-order. 
Conventional forms of optical correction have been limited to measuring the best spherical and cylindrical visual errors (second-order aberrations), which result in myopia (shortsightedness) or hyperopia (farsightedness) and regular astigmatism (blurriness), and prescribing shperocylindrical lenses in the form of spectacles, contact lenses, and conventional refractive (LASIK) surgery to correct them. Correcting second-order aberrations has the highest impact on acuity, which is the eye’s ability to distinguish object details and shape. At the same time that conventional refractive surgery corrects major, second-order spherical errors, in many cases, it also induces some degree of minor spherical aberrations. 

However, about 17 percent of optical errors are higher-order aberrations. If these are minimized, image contrast and special detail are increased. Minimizing higher-order aberrations with wavefront technology by reducing the naturally occurring ones is achievable and may be particularly beneficial to individuals with unusually large amounts of higher-order aberrations. 

How Wavefront Works: The wavefront aberrometer
Light can be thought of as traveling in a series of flat sheets, known as wavefronts. To clarify the confusion about light traveling as waves instead of rays, waves are just perpendicular to light rays. These light waves are wrinkled or distorted as they pass through imperfections in the eye. These errors can be displayed on a color map of the wavefront image, which is the tool that is used to diagnose, and then determine corrections, for abberrations in the eye. 

There are several ways of analyzing the optical system of the eye using wavefront technology. The most common, the Hartmann-Shack wavefront sensing method, deals with light waves as they exit the eye. In this system, the surgeon or other professional shines a small, low-intensity laser into the eye, and the patient focuses on the light. As that light scatters off of the retina (the rear-most portion of the eye) it passes through the lens, the rear surface of the cornea (the clear, crystalline front part of the eye) and the front surface of the cornea. Thus, the emerging waves of light are distorted by the imperfections in the total visual system of the eye. After leaving the eye, the light passes through an array of many small lenses in the sensing device (called an aberrometer), and is focused into spots, which are recorded by a special camera. The deviation of the spots from their ideal location provides information about focusing imperfections in the visual system.

Wavefront-Guided Treatment
The goal of wavefront-guided laser treatment is to make corrections in the surface of the cornea that compensate for errors in the total visual system. Thus, the amount of wrinkle or error in the wavefront reflected from the back of the eye, as compared to the reference wavefront that was projected into it, defines the compensating optical correction. If the wavefront is retarded in relation to the reference wavefront, the laser must remove more tissue from the part of cornea related to that pattern. If the wavefront is advanced (in front of the referenced wavefront), the laser must remove less tissue. It should be noted that wavefront treatment does induce some minor second-order spherical errors, but to a significantly lesser extent than conventional refractive surgery.

In this way, a wavefront-guided treatment is customized to the characteristics of each eye and intended to minimize higher-order aberrations so that the greatest quality of vision can be achieved. 

Wavefront technology is relatively new to the United States. The U.S. Food and Drug Administration (FDA) issued its first approval of a wavefront system in August 2002, and other major US laser manufacturers are expected to receive their approvals in 2003. As the FDA approves systems and they become widely available, patients will have greater access to wavefront technology and treatment.

Presurgical Considerations for Lasik

A wide range of refractive errors including low-to-high myopia, low-to-moderate hyperopia, and large amounts of astigmatism can be easily corrected by LASIK. In addition, many common systemic disorders such as diabetes are no longer a contraindication to surgery. Table 1 lists specific criteria for patient selection for the LASIK procedure.[6,7] 

The FDA has approved LASIK in people 18 years and older with stable refractions. Some contraindications include pregnancy and having had eye diseases in the past such as ocular herpes, cataract, glaucoma, and keratoconus. In addition to a thorough preoperative examination and counseling of any patient interested in refractive surgery, some additional testing is warranted to help screen for possible postoperative side effects.

Pupil Examination

The pupil should be measured in both scotopic (dim) and normal (photopic) light. Measurements may be obtained with infrared pupillometers or with a simple pupil card.[8] There is a possibility that young patients with large scotopic pupils may be at higher risk for developing symptoms of glare, halos, and nighttime visual disturbances following refractive surgery. Today, with large ablation zones and the use of aberrometers for custom ablations, this is less likely.

Dry Eye Testing

Dryness after LASIK is one of the most common symptoms reported by patients.[9] It is believed to result from the cutting of the anterior flap and the loss of cornea sensation that eliminates reflex tearing. Proper preoperative testing evaluating the precorneal tear film, the use of artificial tears before surgery, and discussions about this common condition with the patient should be documented. The prescription eye drops Restasis (cyclosporine ophthalmic emulsion 0.05%) can also be used.

Topography

It is critical for all potential refractive surgery candidates to undergo preoperative cornea mapping (topography) and cornea thickness (pachymetry) measurements to exclude patients at risk who may respond poorly to the surgery.[7] Many computerized machines are available to analyze the anterior and posterior curvature of the cornea to aid in selecting and screening good candidates for surgery. These instruments map the surface of the cornea and generate data, which help eliminate patients with abnormal corneas such as seen in keratoconus (a thinning disorder of the cornea that changes it from a round shape to a cone.)

Pachymetry

Pachymetry is a measurement of the thickness of the cornea. The average cornea thickness is approximately 540 microns. Preoperative cornea thickness is an important measure used to determine the stromal thickness that will result from subtracting the flap thickness and the amount of tissue removed by the treatment.[10] It is crucial to leave behind enough corneal thickness to maintain cornea integrity so that the cornea does not become ectatic (see Cornea Ectasia andCollagen Cross-Linking). Cornea flap thickness can range from 110 to 180 microns. The minimum residual stromal thickness is recommended as no less than 250 microns.[11] 
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Types of Lasik Surgery

The patient is conscious during surgery but can be given mild sedation with an oral benzodiazepine such as diazepam. Anesthetic ophthalmic drops (e.g., proparacaine) are given immediately before the drapes are applied and the speculum inserted. The patient is asked to look directly at a fixation target under the laser (patient cooperation is very helpful).

LASIK involves photoablation (pulses of UV light energy) of the corneal stroma after a cornea flap has been created. The laser energy can be programmed to flatten the central cornea to correct myopic errors (nearsightedness) or steepen the peripheral cornea to correct hyperopic errors (farsightedness). Traditionally, flaps have been produced with mechanical microkeratomes, but more recently femtosecond laser technology has emerged as an alternative for flap creation.[12] This procedure uses ultrafast lasers (all-laser LASIK) that precisely photodisrupt tissue by using very short duration energy pulses. The precision of this technique has resulted in wide acceptance of the technology.

Conventional LASIK

Conventional LASIK does not use aberrometry (measurement of the imperfections in the optical system of the eye) when correcting the refractive error.[13] Treatment is based upon using the refraction from responses obtained with a phoropter and recent eyeglass prescription. This corrects only low-order aberrations known as sphere and cylinder. The data are manually entered into the laser.

Wavefront-guided LASIK

Wavefront aberrometry has redefined the diagnosis and treatment of refractive errors in the 21st century. This technology allows the capturing and measurement of the total optical system of the eye. Aberrometers using advanced polynomials are capable of measuring higher-order imperfections smaller than the wavelength of light and using this information to reduce imperfections produced by the application of the excimer laser.[14] 

Studies have shown that precise wavefront-guided ablation minimizes postoperative higher-order aberration, resulting in better contrast sensitivity compared to conventional treatment.[15] Patients theoretically have better nighttime vision and less chance of needing an enhancement. This has been promoted as high-definition LASIK utilizing "optical fingerprints" made possible by wavefront aberrometry.

Mechanical Keratome

In this procedure, an automated, precision gear-driven machine with an oscillating blade is used to make a thin (110–160 micron) superior hinged flap on the anterior surface of the cornea. This is done once the eye is immobilized with a low-pressure suction ring. Complications during translation of the keratome are uncommon but can be a major concern. Incomplete flaps are easily handled but prevent the application of the laser until a later time.
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Femtosecond Laser (All-laser LASIK)

More recently, femto-second laser technology (all-laser LASIK) has emerged as an alternative to mechanical flap creation.[16] This method precisely photodisrupts tissue with short-duration energy pulses that cleave cornea tissue at a predetermined depth, forming bubbles of water and carbon dioxide at a plane that allows for a smooth interface once the flap is lifted.[17] There appears to be no difference between femtosecond and microkeratome flap creation as far as visual outcomes. However, femtosecond flaps can be made thinner and their parameters more precise than conventional methods. There is also an expectation of greater safety to the patient than with mechanical devices.

Photorefractive Keratectomy (PRK)

Laser refractive surgery procedures can either be performed by intrastromal ablation (LASIK) or by surface ablation, generally known as PRK. Both use the excimer laser.

Experimental studies evaluating the excimer laser with its UV light energy began in the early 1980s. In the mid 1980s, animal and human applications performed at Louisiana State University in New Orleans demonstrated its potential for correction of refractive errors. Many FDA clinical trials have resulted in the approval of the excimer laser to reduce or eliminate a wide spectrum of refractive errors.[13] 

Surface applications (PRK) have gained a small resurgence in patients with thin corneas and in poor candidates for LASIK who may be at risk for ectasia (a bulging of the cornea). Management of postoperative pain and the application of the chemotherapeutic drug mitomycin C (MMC) to prevent haze and scarring have added to PRK's safety and popularity.[18-20] 
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Complications

Intraoperative complications related to the use of the microkeratome occur at a rate of less than 1% in experienced hands and usually result in an incomplete or partial primary cut.[21–23] When the flap appears less than ideal, it should be replaced, and the procedure can be successfully repeated in 2 to 3 months.

Dry Eyes

There is a high incidence of the development of dry eyes after refractive surgery (up to 36.36%).[24,25] This symptom may last up to 6 months after surgery or be permanent. A proper preoperative evaluation for dry eyes is necessary to help prevent this postoperatively Pharmacologic management of dry eyes includes prescription and nonprescription medications ( Table 2 ). Another therapy is punctal occlusion, where a collagen plug is placed in the natural drain of the eye.

Cornea Ectasia and Collagen Cross-linking

Ectasia (protrusion) can follow LASIK when the cornea takes on an appearance similar to keratoconus. Visual acuity is reduced, and glasses or soft contact lenses can no longer improve vision. Ectasia is a serious complication with certain preoperative risk factors, including abnormal cornea topography and thin corneas.[26] 

By combining a solution of riboflavin and UV light exposure, corneas that have suffered ectasia are being treated to strengthen their weakened status. The procedure is a strengthening of the cross-links of the collagen fibers to allow stability.[27,28] Under topical anesthesia, the central area epithelium is removed. The riboflavin is topically applied for a period of minutes followed by irradiation with intense 365-nm UVA light for approximately 30 minutes. The process has been compared to snow blindness that occurs after UV exposures.

Presently, there is a multicenter FDA clinical trial analyzing the safety and efficacy of cross-linking for postoperative ectasia.[29] Other clinical studies have shown that it may be just as effective to inject the riboflavin directly into the stroma without removing the epithelium.[30] Cornea cross-linking may be helpful in treating keratoconus and in strengthening borderline corneas in patients who are interested in refractive cornea surgery but have suspect or slightly distorted corneas.

Over- and Undercorrections

Residual refractive errors present immediately following LASIK usually result from undercorrections.[31–34] Regression can occur months later. Once the prescription stabilizes, retreatment can be performed.[34] 

Glare, Halos, and Starbursts

Some patients complain of halos, starbursts, and a general reduction of qualitative vision under conditions of reduced illumination. These are usually temporary but can persist in a small number of cases. The use of larger optical zones and wavefront technology has reduced the incidence of these symptoms. Some surgeons believe there may be a relationship between the scotopic pupil diameter (size that pupils dilate to a dark room) and nighttime visual disturbances. Some clinicians use topical brimonidine for night vision disturbances.

Dislocated, Wrinkled Flaps

Flap displacement with folds or wrinkles usually occurs within the first 24 hours. These folds are easily fixed by relifting and repositioning of the flap, and respond to treatment days and even weeks after their occurrence.

Epithelial Ingrowth

Epithelial ingrowth manifests itself by small islands of epithelial cells that are seen beneath the flap.[35] They usually are found in the midperiphery but may extend centrally and reduce visual acuity. If epithelial ingrowth is extensive and threatens vision, the flap should be lifted and the cells removed. This may need to be repeated with sutures placed in the flap to prevent recurrences. The incidence of ingrowth is reported to be increased following enhancement or follow-up surgery.[23] 

Diffuse Lamellar Keratitis (DLK)

This nonspecific intralamellar inflammation appears in the early postoperative period as a granular or sandlike appearance in the flap interface.[23] The condition can occur in clusters, affecting several patients on a given surgery day. It is of unclear etiology, and most cases follow uncomplicated LASIK. In rare instances, DLK can result in stromal melting, haze, and loss of best-corrected vision. Management with topical and systemic steroids and irrigation of the stromal bed (material under the surface of the cornea) are usually effective in treating severe cases

Enhancements

Enhancements are follow-up surgeries that are used to correct residual refractive errors (i.e., over- or undercorrections) or to suit the visual needs of a patient's changing lifestyle (e.g., monovision correction, a technique that reduces the need for reading glasses or bifocals). The timing of retreatment should be based on a stable refraction.[36] 

Options include recutting a flap, lifting the prior flap, or performing PRK on top of the previous LASIK. With increasing use of MMC for the prevention of haze and the avoidance of epithelial ingrowth, more surgeons are turning to PRK for enhancements.

Summary

LASIK surgery for the correction of all kinds of refractive errors offers patients a fast, safe, reproducible, and cost-effective alternative to glasses and contact lenses. Refinements in the delivery systems of the excimer laser and wavefront technology have greatly increased visual outcomes with this commonly performed procedure and have improved the quality of life for many people.[
Phakic IOLs
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Introduction

Myopia can be corrected by 3 different means, as follows:

· Optical devices (ie, glasses, contact lenses)

· Corneal refractive procedures (ie, radial keratotomy [RK], automated lamellar keratoplasty [ALK], photorefractive keratoplasty [PRK], laser-assisted in situ keratomileusis [LASIK])

· Intraocular procedures (ie, clear lens extraction with or without lens implantation and the use of phakic intraocular lens [IOL] implants)

The important facets of each procedure are the ease of application, the accuracy, the period of recovery, the quality of vision, the long-term stability of the results, and the minor or major complications. Also important are the possibilities of the reversal of the procedure and the successful management of complications.

Each intraocular procedure has its advantages, in terms of ease of implantation and tissue reactions causing change of position, inflammation, degeneration, and rise of intraocular pressure (IOP).

All the various phakic IOLs, whether angle supported, iris supported, or placed in the posterior chamber, provide good immediate postoperative results. However, frequent change in the designs of the angle-supported and the posterior chamber lenses makes conclusions about long-term stability difficult. The design of the iris claw lens has practically remained unchanged in the past 15 years.

Compared to the corneal procedures, the intraocular procedures suffer from one glaring handicap, that is, patients with the lens implants have to be under careful supervision of the ophthalmic surgeon throughout their lives to prevent or treat any adverse development. The role of microtrauma or macrotrauma as a result of blinking, squeezing, and minor rubbing during the waking hours and involuntary hard rubbing during some phases of sleep, in producing tissue changes, cannot be overemphasized.

The future of phakic IOLs shall be determined by the newer techniques of corneal refractive surgery, especially the wave-guided ablations. Phakic IOLs cannot take care of preexisting astigmatism. Surgery might introduce astigmatism of its own. Also, with the passage of months and years, patients with phakic IOLs tend to miss detailed follow-up examinations. Situations do exist where phakic IOLs and corneal procedures can be combined to provide the best refractive results. Whether a phakic myopia IOL in a young patient will be a problem in future decades is still unknown.

History of the Procedure

The phakic myopia lens was introduced by Strampelli and later popularized by Barraquer in the late 1950s. The design was a biconcave angle-supported lens. These lenses were abandoned following serious angle- and endothelium-related complications. In the mid 1980s, Dveli restarted phakic myopia lenses with 4 soft angle-supported loops. Baikoff introduced a myopia lens with Kelman-type haptics. This design had many problems, leading to its design modification a number of times. Fyodorov introduced the concept of a soft phakic lens in the space between the iris and the anterior surface of the crystalline lens. Earlier, the material used was silicone; now, the material used is collamer.

Worst, who introduced the iris claw lens in 1977, implanted an opaque iris claw lens in the phakic eye of a patient who had unbearable diplopia in 1979. Fechner and Worst introduced a phakic myopia lens of iris claw design in 1986. According to Ophthec, the maker of this lens (now called Artisan), more than 16,000 such lenses have been implanted worldwide in phakic myopes. During the same period, more than 250,000 iris claw lenses have been implanted in aphakes, which suggested that the design is well tolerated by the iris, where the lens is fixated.

During the past 20 years, the coauthor has implanted more than 160,000 iris claw lenses (ie, Artisan lenses) in his hospital (ie, Daljit Singh Eye Hospital, Amritsar, India); during this same period, the author has implanted approximately 20,000 lenses. In India, also during this same period, approximately 100,000 lenses have been implanted. Ophthec reports that more than 15,000 lenses are implanted in Europe every year.

Problem

Myopia is a common refractive error, which exists from a young age. A unilateral myopia, with or without amblyopia, might remain undiscovered for a long time. The treatment of unilateral myopia is not easy. Since the vision is very good in the other emmetropic eye, the child is not impressed by the glass or the contact lens for the affected eye because the child prefers to use the nonaffected eye. Most parents give up all efforts out of sheer frustration, and the magnitude of wasted sight is immense.

While there is some experience with such modalities as the excimer laser for use as PRK or LASIK and the newly designed phakic IOLs, they have been used in adult patients, and there is little or no experience in the group of young patients who need the treatment. Slight or moderate myopia is hardly a problem as far as the vision is concerned. These patients do extremely well with glasses or contact lenses. However, high myopes do experience serious handicaps, both cosmetic and visual, for which surgery becomes a matter of importance.

Myopia is not merely a refractive problem. The importance of regular retinal examination should not be overlooked.

Etiology

Much remains unknown about the developing eye. It is known that myopia results when the refracting optics of the eye focus parallel rays from infinity to a point in front of the retina (relative to the length of the eyeball). 

Newborns are moderately hyperopic, but they have a broad distribution of refractive errors. As the eye grows, there is a shift toward emmetropia. Perhaps, myopia represents an extension of the emmetropization process.

Pathophysiology

The pathophysiology differs in the 3 types of IOLs, the angle-supported, the iris-fixated, and the precrystalline varieties.

Angle-supported lenses
Two types of angle-supported lenses for use in phakic eyes are available. One has a Kelman-type haptic design, the other has a somewhat different design. The optic is biconcave. The lens is vaulted at 20°. The effective optic diameter is 4 mm in one design and 5 mm in the other design. Both are polymethyl methacrylate (PMMA) lenses.

The angle-supported lens becomes fixated somewhere in the angle structures. There cannot be a perfect size of the IOL. A well-fixed lens is supposed to rest its haptics on the scleral spur. In actuality, the haptics press against the corneoscleral trabeculae and the Schlemm canal and, sometimes, the blood vessels in the vicinity that overlie the scleral spur. The haptics impinge on the nerve endings in the angle of the anterior chamber. However, nothing is known about this interaction. The haptics press on the segmental blood supply of the iris, leading to ischemia and iris atrophy, which results in progressive ovalization of the pupil. The haptics can erode through the angle tissues and become lodged in the ciliary body.

A loose angle-supported lens can move around and damage the corneal endothelium. Tissue reactions and damage to the angle of the anterior chamber can cause breakdown of the blood-aqueous barrier, uveitis-glaucoma-hyphema (UGH) syndrome. Anterior segment inflammatory pathology may find an echo in the development of cystoid macular edema. Microtrauma and macrotrauma of any nature can accelerate the pathological changes in the angle.

Iris-supported lenses
Iris claw lenses also are made of PMMA; the overall length of the implant varies from 7.2-8.5 mm, the size of the optic varies from 5-6 mm. The optic is convexo-concave, with a maximum height of 0.96 mm. The lens also is vaulted at the haptic to clear the natural vault of the iris.

The haptics become fixed to the midperiphery of the iris through the medium of the claws, located on either side of the lens. The amount of iris engaged into the claw depends on the judgment of the surgeon at the time of surgery.

The size of the IOL precludes all angle-related complications. No pupil- or posterior pigment epithelium–related problems occur because at no time does the lens come into contact with either of them. The author and the coauthor have used these lenses extensively, and they are very satisfied with the results. A concern does exist regarding chronic inflammation as a result of continued compression of the iris tissue in the claws. The inclusion of excessive iris tissue in the claws during surgery can push the lens against the iris and the crystalline lens. This can interfere with the free circulation of the aqueous through the pupil, possibly resulting in the formation of posterior synechia and inflammation.

Micromovements, such as blinking and squeezing, do not bring together the endothelium of the cornea and the optic of the IOL. However, forcible rubbing for any reason has the potential to damage the endothelium.

Posterior chamber lenses
The phakic posterior chamber lens or the precrystalline lens is made of a soft material, such as silicone or collamer. The overall length varies from 11-13 mm. The central biconcave optical zone varies from 4.5-5.5 mm. The average thickness of the haptic is 60 µm. In an ideal lens implant situation, it is supposed to remain clear of the crystalline lens by 100-200 µm. The posterior chamber lens is sized empirically by adding 0.5 mm from the white-to-white corneal diameter.

The vaulting of the lens is produced by the elastic single piece lens getting lifted from the ciliary body. This puts some constant pressure, however small, on it. The vaulting may let it stay clear of the crystalline lens, but it physically pushes the iris anteriorly, a tissue normally in touch with the crystalline lens in the central part. This unnatural constant contact pressure and friction might lay the foundation for ciliary body reactions and shedding of posterior pigment epithelium. It also may prevent free passage of aqueous across the pupil. A mistakenly larger sized lens will put more pressure on the iris and push it forward by what may be called the spinnaker effect (blowing sail of a sail boat).

The optimal size remains a matter of conjecture. A mistaken small size allows the lens to rub against the natural crystalline lens (causing cataract) and knock against the ciliary body (setting up uveal reaction) and the posterior surface of the iris (releasing the pigment). The free volume of the restricted posterior chamber space is encroached upon by the implanted IOL and an increase in the size of the natural crystalline lens with age. If the peripheral iridectomy becomes blocked, iris bombé and consequent angle-closure glaucoma will occur. Some of the developments occurring behind the iris cannot be visualized clinically. They can only be speculated.

During blinking, squeezing, and rubbing, the results of pressure and friction between the IOL and the surrounding tissues are unknown. Even if the frictional force is very small, it is bound to continue for life. When shed from the iris and ciliary processes, the pigment may lead to glaucoma. Patients with diabetes can have problems. This disease causes changes in the posterior pigment epithelium of the iris, which may cause excessive shedding of pigment. An inflammatory process can bind the lens to the iris, the ciliary body, or even the crystalline lens. An intermittent or a continuous touch with the anterior lens capsule can produce lens opacification. Sometimes, the presence of the artificial lens in the posterior chamber can crowd the angle of the anterior chamber, leading to glaucoma.

In all phakic IOLs, increased crystalline lens size with increasing age and cataract formation leading to a decrease in the depth of the anterior chamber and crowding in the posterior chamber tend to exaggerate the pathologic processes. While the results of phakic IOLs are highly predictable, long-term data are limited.

Frequency
The prevalence of myopia is approximately 20% in the United States. This incidence rate frequently varies with age, sex, race, ethnicity, occupation, environment, and other factors in various sampled populations. The condition is more common in central and eastern Europe than in northern Europe, Britain, and the United States.

Incidence
The incidence of simple myopia is quite high since it occurs as a normal chance variant in the biological series, which include emmetropia and hypermetropia. In comparison, high and degenerative myopia are relatively rare. It has been estimated that myopia of more than -6.00 diopters (D) represents 27-32% of the myopic population and more than -8.00 D represents 6-18% of the myopic population.

Mortality/morbidity
Unilateral high myopia (more than about -6.00 D) of early onset can cause severe amblyopia. Severe symmetric refractive error (isometropia) may cause bilateral amblyopia of mild-to-moderate degree. However, myopia, even when extreme, rarely causes bilateral amblyopia because the sharply focused images of objects held close to the eyes support normal visual development.

Race
Race exercises a considerable influence over myopia. High degrees with degenerative changes are very common in certain races, such as Chinese, Japanese, Arab, and Jewish persons. Myopia is uncommon in black, Nubian, and Sudanese persons. The variation probably is due more to heredity than habit.

Sex
Sex appears to have an influence on the incidence. Although in the lower degrees of myopia, the sexes seem to be affected equally, with a probable excess in males; females are more prone to the higher degrees and to degenerative changes. Surgical correction of myopia in girls assumes significance in certain societies where wearing of glasses and/or contact lenses is not looked upon kindly.

Age
Age at which surgery is performed is of great importance. The ideal age should be at around age 18 years when the refraction stabilizes. However, in specific circumstances, in the interest of the minor patient, the parents and the surgeon can opt to perform phakic lens implantation at an earlier age.

Presentation

Clinical manifestation 

· Defective uncorrected vision

· Defective corrected vision - Myopic retinal degeneration and deprivation amblyopia

· Strabismus

· Nystagmus

Clinical
· The eyeball may be normally placed, prominent, or deeply set.

· The cornea may have a normal diameter, or some degree of microcornea or megalocornea may be present.

· Axial length - 20 mm to greater than 30 mm

· Keratometry reading - 38-50 D

· Depth of the anterior chamber - 2.5-4 mm

· Myopia may be moderate or severe, even going beyond -20.0 D.

· IOP should be normal, and the patient should not be under treatment for any kind of glaucoma.

· Strabismus

· Nystagmus

· Fundus examination may show various degrees of lattice degeneration, with or without one or more holes. The macular area may show disturbed macular reflex, chorioretinal atrophy, or posterior staphyloma.

· Visual field defects of myopia may be present.

History
· Deteriorating vision

· Difficulty in handling glasses or contact lenses; intolerance to contact lenses

· Optical problems in daily life, especially during driving

· Cosmetic concerns of the patient

· Problems in such professions as sports, stage, and service regulations

Physical
· All patients should undergo a complete ophthalmic examination.

· Manifest and cycloplegic refraction

· Uncorrected visual acuity

· Spectacle and/or contact lens corrected visual acuity

· Slit lamp examination of the anterior segment and ocular adnexa

· IOP

· Pupil size measurement under scotopic conditions

· Corneal endothelial cell count with specular endothelial microscopy

· Biometry to calculate axial length of the eyeball and the anterior chamber

· White-to-white corneal diameter measurement, if contemplating angle-supported or posterior chamber implants

· Videokeratography and keratometry

· Fundus examination by indirect ophthalmoscopy

· Field charting

Indications

Indications include unilateral or bilateral, moderate or severe myopia; cosmetic needs; and professional and service requirements. 

The current practical options for the cornea are PRK and LASIK; for intraocular implantation procedures, an angle-supported lens, an iris-supported lens, or a posterior chamber lens are practical options. Surgeons in different parts of the world may have differing opinions about these 3 lenses.

When planning for an IOL implant in phakic myopes, consider the following:

· What is the minimum age at which the lens is to be implanted?

· What is the minimum or the maximum refractive error to be treated?

· What should be the lowest limit for anterior chamber depth?

· What is the lowest corneal diameter at which lens implantation will be refused?

· How accurate is the white-to-white diameter on the basis of which the length of an implant lens is to be derived?

· What is the smallest size of the lens available?

· How can the risk of complications be minimized? What are those complications? What are the chances of occurrence?

The final decision to do lens implantation comes after careful contemplation and detailed consultations and discussions.

Relevant Anatomy

Important anatomical features for phakic posterior chamber lens implantation 

The following anatomical features involved in phakic posterior chamber lens implantation are important: the space available for the implanted lens, the structures with which the lens will intimately contact, and the effect of age on the dimensions of various involved structures.

The pupillary margin normally rests on the crystalline lens. The contact is maximum in a middilated condition. The posterior chamber, which has a volume of 65 µL, is a triangular space on cut section. The base is toward the periphery, and the apex is toward the pupillary margin (where the chamber depth is zero). Nothing is known about the variations of this space and its relationship with age, the depth of the anterior chamber, or with refraction.

Anteriorly, there is a floppy iris about 0.5 mm in thickness; the thickness does not change throughout life. Posteriorly, there is the firm crystalline lens, which has a volume of 140 µL at birth. The volume increases to 163 µL in the 30s and to 240 µL in the 80s, a change of 100 µL.

The anterior chamber depth decreases by 7% every decade. It is the increasing size of the crystalline with age that causes shallowing of the anterior chamber. At the same time, it is not unreasonable to assume that the restricted posterior chamber space is also progressively encroached upon by the increasing volume of the crystalline lens. By the time the patient is in the seventh decade, the space is nothing more than a mere slit. In the case of a posterior chamber lens, the thickest part of the implant, the optic, occupies the shallowest or the zero space.

If a plate haptic lens has to stay clear of the crystalline lens, it should vault in the central area. This can happen only if the haptic rests strongly on the ciliary processes and bows forward. Staying clear of the crystalline lens can lead to rubbing against the posterior pigment epithelium. It also means impinging on the ciliary epithelium of the ciliary processes. If the ciliary epithelium sheds, then the implanted lens will further touch the ciliary vasculature. The ciliary capillary endothelium has fenestrations of 30-100 µm, which are permeable to plasma proteins and tracer elements.

Lying between the crystalline lens and the iris, the phakic posterior chamber lens produces resistance to the flow of aqueous. The increasing volume of the crystalline lens with age encroaches on the posterior chamber volume. The crystalline lens volume increases greatly, from 150 µL to 240 µL, in a matter of 60 years.

The average anterior chamber depth is 3.15 mm (2.6-4.4 mm). The volume of the anterior chamber is 250 µL, which decreases by 7.5% per decade.

Important anatomical features for iris claw and angle-supported lenses
The iris is 0.5 mm thick at the root and 0.6 mm at the collarette. An iris claw lens is attached to the peripheral anterior surface of the iris by pushing a fold of the iris into the 2 claws of the lens. Consider the following 3 points: the space available around the lens and the distance from the corneal endothelium and the crystalline lens; the anatomy of the iris, especially the vasculature, as it is fixed in the claws of the lens; and the pupil movements and the friction between the iris and the phakic iris claw lens.

The posterior surface of the IOL is concave and cannot touch the crystalline lens. There is a respectable distance between the various parts of the lens and the corneal endothelium. The maximum height of the optic, which is in the center, is less than 1 mm. The haptic of the lens in the periphery is 0.18 mm. With age, the growth of the crystalline lens tends to reduce the depth of the anterior chamber. The maximum width of the implant lens is 8.5 mm, which allows it to remain away from the structures of the angle of the anterior chamber.

The vasculature of the iris is peculiar. The vascular endothelium of the human iris is not fenestrated. The endothelial cells of the iris vessels are joined by 2 types of intercellular junctions, the zonular tight junctions and the gap junctions. The vessels are covered in layers in the following order:

· Pericytes

· 0.5-3 µm wide basal lamina

· 7-µm zone of sparse, longitudinally directed collagen fibers

· Granular ground substance

· Another 10 µm-wide connective tissue layer

Vessels that are located in the more cellular parts of the stroma (eg, anterior border layer) are invested in thicker and more cellular adventitia. These vascular peculiarities explain why the claw lens can grip the iris fold so well. Friction between the iris claw lens and the anterior surface of the iris is possible at the immediate vicinity of the 2 claws as well as along the edge of the lens. As observed during the past 25 years, an iris claw lens is well tolerated in aphakic eyes. Phakic eyes are different, and surgeons must be aware of any degenerative or inflammatory response. Furthermore, phakic lenses are being implanted in younger patients, and these patients will need to be observed beyond the lifetime of many of their surgeons.

Important anatomical features for angle-supported lenses
The angle of the anterior chamber is another place where phakic angle-supported lenses are made to rest their footplates. The tissues involved are the corneoscleral trabeculae, the ciliary body, and the periphery of the iris. In the depth of the trabecular meshwork, there is the Schlemm canal, stray blood vessels in its vicinity, and the scleral spur. The scleral spur is deeper to the Schlemm canal, and it ends at a few micrometers wide tip under the posterior part of the corneoscleral trabeculae. The recess of the angle does not end at the level of the scleral spur but further posteriorly.

The major arterial circle is situated in the anterior part of the ciliary body. From this circle arise branches that go to the root of the iris anteriorly and the ciliary processes posteriorly. The endothelium of the capillaries in the ciliary body and the processes has fenestrations of 30-100 µm, which are permeable to plasma proteins and tracer elements. The arteries to the iris arise along with the branches to the ciliary processes. The vessels travel toward the pupillary margin without anastomosing, that is, they are more or less end arteries.

Contraindications

Contraindications include the following:

· Myopia other than axial

· Evidence of nuclear sclerosis or developing cataract

· History of uveitis

· Presence of anterior or posterior synechiae

· Corneal dystrophy

· Glaucoma or IOP higher than 20 mm Hg

· Personal or family history of retinal detachment

· Diabetes mellitus

· Anterior chamber depth less than 2.75 mm

Some of the above contraindications are relative on the discretion of the surgeon and the needs of the patients.

Relative contraindications include the following:

· The patient should not rub the eye. Young children who cannot follow these instructions should not be implanted with a phakic IOL.

· The smallest available posterior chamber phakic lens is of 11 mm. The length of the lens is calculated by adding 0.5 mm to the white-to-white limbal diameter. The minimum white-to-white diameter should be 11 mm. Any degree of microcornea from this size is a contraindication. In the case of an iris claw lens, it is possible to have customized, smaller lenses. While the normal phakic lens is 8.5 mm wide, the iris claw lens may be made as small as 6 mm, thus greatly extending its application.

The presence of amblyopia should not be a contraindication for the following purposes:

· To reduce the power of the glasses

· To provide a greater freedom of movement

· Later, to attempt to improve the eyesight with pleoptic exercises

Anterior chamber depth is an important consideration for all 3 types of lenses, whether it is angle-supported, iris claw, or posterior chamber lenses. A depth of less than 2.75 mm is a contraindication. The angle-supported or the posterior chamber lens may cause crowding of the angle, but the iris claw lens will encroach on the central depth of an already shallow anterior chamber.

Treatment

Medical Therapy

· Perform both manifest refraction and cycloplegic refraction.

· Conjunctival swab is taken for culture 2 days before surgery, after which topical antibiotics (tobramycin 0.3%) are started, 6 times a day.

· Preoperative drops: Preoperative eye preparation depends on the type of IOL to be implanted.

· Angle-supported lens and iris claw lens: Contract the pupil with 1% pilocarpine drops, instilled at 15-minute intervals, starting 45 minutes before surgery.

· Precrystalline lens: Dilate the pupil with homatropine (2%) and phenylephrine (5%), instilled 3 times at 15-minute intervals, starting 1 hour before surgery.

· Nonsteroidal anti-inflammatory drug (NSAID) drops are instilled 2 times before surgery.

Surgical Therapy

Nd:YAG laser peripheral iridectomy may be performed 1-2 weeks prior to a phakic lens implantation. This procedure prevents pupillary block in the postoperative period. The other alternative is to perform a manual iridectomy at the time of the phakic lens implantation. 

Every phakic IOL demands meticulous care in the performance of the finest detail of implant surgery. There should be minimal surgical trauma. The incision lines should be meticulously closed. The protection of the endothelium with viscoelastics is of the utmost importance as is the complete removal of viscoelastics at the end of the surgery. Making the incision as well as closing the incision should be meticulous and should preferably not introduce an astigmatic error.

Preoperative Details

Preparation and anesthesia need detailed attention. 

Anesthesia 

· By mutual consultation, the patient and the surgeon can choose the type of anesthesia, whether topical, intraocular, local, or general.

· Surface anesthesia leading to intraocular anesthesia: Use preservative-free, 2% intraocular lidocaine.

· Local anesthesia: Use 2% lidocaine with adrenaline (1:200,000) and 7.5 U/mL hyaluronidase. It may be used as a peribulbar anesthesia or for facial nerve block and retrobulbar block. The local anesthesia is given 10 minutes before surgery. Apply orbital compression to make the eye soft and to reduce orbital pressure.

· General anesthesia: A phakic lens implantation surgery only takes a few minutes. General anesthesia makes the surgery more comfortable for the surgeon, who can concentrate better on the steps of the surgery.

Preparation of the surgical field 

· 5% povidone: Paint the periorbital skin with povidone iodine, then apply the same solution 2-3 times to the lid margin and the conjunctival fornices. Then, the eye is washed with saline.

· Exposure of the surgical field: An eye speculum may be used.

· The upper and lower lid sutures and the superior rectus suture are applied in place of the speculum. Adhesive plastic drape, applied to the surface of the eyelids, is used to pull the eyelashes away from the surgical field.

Intraoperative Details

Angle-supported lens 

· A 6.00-mm corneoscleral incision is made in the steepest meridian, attempting to correct the preoperative astigmatism. A smaller incision is needed for a foldable lens.

· A 1-mm tunnel incision is placed at the limbus or in the clear cornea, depending on the preoperative astigmatism.

· The anterior chamber is irrigated with acetylcholine and then filled with a viscoelastic material.

· A 5.00-mm silicone Sheets glide is introduced into the anterior chamber, and more viscoelastic material is injected over the glide.

· The phakic IOL is held at the optic with a Kelman-McPherson forceps, and the inferior haptic is slipped into the anterior chamber.

· With the forceps pushing the superior edge of the optical zone, the IOL is carefully slid over the silicone Sheets glide until both ends of the inferior haptics are in contact with the angle. Then, the glide is removed from the anterior chamber.

· The upper haptic is pushed gently into the anterior chamber and under the posterior lip of the wound using a double-tip nucleus manipulator.

· The phakic IOL is rotated, using a Sinskey or Lester hook, to the horizontal meridian where the white-to-white distance is measured. During this maneuver, special care is taken to prevent damage to the angle structures. If a temporal or nasal incision is performed, this rotating maneuver is not required.

· A peripheral iridectomy, 0.5-1 mm in length, is performed.

· If the pupil is not round, the Sinskey hook is used to push the haptic away from the angle; then, it is released.

· Verifying that the lens is well centered, the pupil is completely round, and no traction forces from the haptic footplate are present on the iris is important.

· A 2- to 3-bite running 10-0 nylon suture is used to close the incision, but before the knot is tied, all the viscoelastic material is removed carefully with balanced salt solution. Finally, the suture is tied.

· If a limbal incision is used, a nylon suture is used to close the conjunctival flap.

· After the incision is closed, gonioscopic evaluation is performed to visualize the haptic ends and to verify that they are in a good position and that there is no iris tuck.

Iris claw lens 

· Two pocket-type side incisions, one 1-mm wide and one main incision 5- to 6-mm wide, at the 12-o'clock position, are made in the form of a pocket. A foldable version of the lens needs a smaller incision.

· The anterior chamber is filled with viscoelastic material.

· The iris claw lens is slipped into the anterior chamber vertically. Once inside the anterior chamber, the lens is rotated horizontally.

· A vertically holding lens forceps, which enters the anterior chamber through the main incision, centers the optic on the pupil and holds it steadily. A thin forceps is introduced from the side incision that grasps a fold of iris under the haptic and passes it through the claw, thereby fixing it. Both instruments are withdrawn, and the surgeon changes hands for holding each tool.

· The anterior chamber is again filled with viscoelastic material, and the lens-fixation instruments are reintroduced.

· The second claw-fixation maneuver is performed through the incision on the opposite side.

· A peripheral iridectomy is performed.

· Viscoelastic material is washed out thoroughly.

· The incision line is closed with 1 or 2 very superficial sutures.

Posterior chamber lens 

· One 0.6-mm side port is made. It is needed to inject viscoelastic material in the anterior chamber.

· For a precrystalline lens, a 3.2-mm clear corneal incision is made on the steep meridian.

· The lens is introduced with angled-suture forceps, then it is positioned behind the iris on a horizontal axis with a cyclodialysis spatula.

· The lens is manipulated to center the optic on the pupil.

· The viscoelastic material is removed from the anterior and posterior chambers with an aspiration syringe (24-gauge cannula) or by copious irrigation with saline.

· The pupil is contracted with intraocular acetylcholine 1%, carbachol 0.01%, or pilocarpine 0.5% solution.

· The incision is closed by hydrating the corneal incisions. A suture rarely is needed.

End of surgery 

· Subconjunctivally inject 20 mg of gentamicin and 2 mg of dexamethasone.

· Apply a sterile pad and a protective shield.

Postoperative Details

· Monitor the patient as with any other IOL surgery. In particular, carefully look at the incision line and be watchful of IOP and any inflammation.

· The first dressing is completed 8-12 hours after the surgery.

· Protecting the eye from injury: Patients should use protective goggles during the day and a protective shield at night. Do not bump the eye when applying eye drops.

· Cleaning the eye: The corners of the eye and the surrounding area may be cleaned with sterile cotton swabs.

· Patients should be careful when bathing, so as not to spill bathing water into the eye.

· Using the eye: No restrictions for such activities as watching television or reading are indicated.

Physical activity 

· No restriction on walking is indicated.

· Patients should avoid heavy exercise for 2 weeks.

· Contact sports should be avoided for 2 months.

· Swimming is allowed after 2 months, but diving should be avoided.

· Rubbing of the eye should be avoided throughout life regardless of the lens design.

· Patients can drive a car after 1-2 days.

Follow-up

· Early postoperative care: On postoperative days 1, 2, 3, and 7, perform slit lamp examination and record any uncorrected or corrected visual acuity and IOP.

· Longer follow-up care 

· Patients should receive follow-up care after 1 month, 6 months, and once every year.

· The pupil is dilated at every visit.

· Use slit lamp examination to find evidence of inflammation, pigment dispersion, adhesion formation with the uveal tissues, and touch to the anterior lens capsule.

· Look for any opacification of the crystalline lens.

· Perform a careful refraction.

· Regularly monitor the endothelial cell density with specular endothelial microscopy.

· Gonioscopy is mandatory in angle-supported or posterior chamber lenses. Look for peripheral anterior synechia formation, growth of uveal tissues on the footplates of the lenses, and the presence of pigment that is derived from the iris and the ciliary body.

· Observe for any crowding of the angle that is due to the IOL behind the iris.

Complications

Complications after phakic lens implantation

General 

The early problems are related to the design of the lens and the meticulous details of surgery. The late postoperative complications are related to the interaction of the IOL and the intimate ocular tissues during the lifetime of the patient. Lifelong, regular follow-up care is essential in all cases. 

Explantation of the lens may ameliorate some of the complications. Later in life, if the patient develops a cataract, it should be possible to do an atraumatic explantation, followed by cataract extraction and implantation of another appropriate IOL. Development of a newer, safer technology to correct myopia may necessitate explantation of the IOL. 

Precrystalline phakic posterior chamber implant

Operative Complications 

Operative complications include trauma to the lens, which may or may not manifest later. 

Early postoperative complications 

Pupillary block glaucoma may develop due to the blockage of previous laser iridotomies or viscoelastic material residue in the posterior chamber. It shows itself within the first 24-48 hours. The vasovagal response causes pain, blurred vision, and systemic symptoms. Red eye, corneal edema, shallow anterior chamber, dilated pupil, and a marked rise in IOP also occur. If the condition does not respond to systemic therapy with acetazolamide, hyperosmotic agents, local miotics, and beta-blockers, surgery may be needed to control this serious problem. 

Transciliary filtration in such a case should be performed under general anesthesia. A Fugo blade is used for this surgery. With a 600-µm Fugo blade tip, the sclera is ablated 1 mm behind the surgical limbus until the anterior part of the ciliary body becomes visible. The next step uses a 100-µm Fugo blade tip. An ablation path is made through the anterior part of the ciliary body and into the posterior chamber. Drainage of the posterior chamber deepens the anterior chamber and allows the possibility to save the eye as well as to keep the phakic lens in place. This filtration is recommended once medical management is clearly not working. A delay in surgery means damage. 

Explantation of the posterior chamber phakic lens may be performed as either a first resort or a last resort, preferably as the latter. 

Delayed management or mismanagement can cause variable degrees of visual loss. 

Specular endothelial microscopy in these cases may reveal a substantial loss of endothelial cells. The closure of peripheral iridotomies and pupillary block glaucoma can occur after one or more weeks. Such cases may be treated by a repeat laser iridotomy, surgical peripheral iridectomy, transciliary filtration, or lens explantation. 

Late complications 

An anterior subcapsular cataract may form because of contact with the natural lens. This complication is being observed frequently. Many patients develop cataract within 2 years. However, the offending phakic lens can be explanted, with the cataract being removed at the same time. The long-term incidence of cataract is not yet known. A small IOL has greater chances of having direct contact with the crystalline lens. Uveitis can occur in acute or chronic form. Pigment dispersion may be seen on the artificial lens or the natural lens. Late glaucoma may occur because of crowding of the angle and pigment deposits in the angle. In some cases, the pupil may become partially dilated and not respond to the usual miotics.

Outcome and Prognosis

Good results are obtained as much by surgical skill as by the lens design chosen. The best vision is achieved within 1-2 days. No line is lost. In fact, a sizable percentage of patients experience improvement in visual acuity, possibly due to increase in the image size. 

A posterior chamber phakic lens can develop problems in relation with the tissues that it comes into contact with and rubs against. The most important problem is the development of early cataract. Such a problem does not happen with an iris claw lens or an angle-supported lens. The treatment of cataract is not difficult; however, patients do not expect this development. An iatrogenic cataract in a young patient is a serious matter. Pigment shedding from the posterior surface of the iris is unavoidable, no matter how slow the process may be. If the patient develops diabetes mellitus, the problem is compounded.

In the event of recurrent iritis, glaucoma, and size-mismatch, explanting a phakic lens may be necessary. When such a course is indicated, an early explantation should be performed.

Myopes do develop posterior segment problems, which might include retinal detachment. Development of adhesions between the implanted lens and the adjacent tissues (eg, a posterior chamber lens developing adhesions with the iris and the crystalline lens) will interfere with the visualization process.

The increasing size of the crystalline lens with age and the formation of cataract, especially of an intumescent type, will greatly disturb the tissue relations. An early management of cataract, including the explantation of the implanted phakic lens, will be needed.

Implantation of a phakic lens in a myopic eye ought to be a small event for the operated eye; unfortunately, it is not so. Therefore, lifelong regular follow-up care is essential.

Long-term follow-up care results with a final design of a lens type are available only with the iris claw (Artisan) lens, up to 14 years. However, it remains to be seen if this and the other lenses will be tolerated for the next 4-6 decades.

Looking at both the early results and the late results of laser refractive surgery in cases of high myopia is important. PRK plus wave-guided ablation can prove to be a good alternative for a phakic lens in certain cases. The additional advantage is the possibility of correcting preexisting astigmatism. Beyond a certain period, the only follow-up is for myopia fundus problems.

Future and Controversies

IOL implantation for phakic eyes is only one of many modalities to alleviate myopia. Several attractions for implanting phakic lenses include the following:

· Surgical injury to the ocular tissues is minimal, even though it means opening the eye and closing it after making a few manipulations.

· Viscoelastic materials make lens implantation easy and safe, although they should be removed thoroughly from the eye at the end of the surgery.

· As long as surgical quality is not compromised, the results are highly predictable, immediate, and hopefully lasting.

· No big investment is involved for beginning this kind of refractive surgery, even in the remote corners of the world.

The ocular tissues may tolerate and survive the presence of an IOL in a phakic eye for a patient's lifetime. However, it will survive only if the lens implantation occurs as a 1-time event and not the beginning of a process, which initially may appear innocuous. Thus, every new modality, especially an IOL, has to prove itself over a long period of time. It has been repeatedly proven that pressure or friction between the IOL and the ocular tissue will damage the latter.

Posterior chamber phakic lens
A posterior chamber phakic lens suffers from certain flaws. The sizing of the posterior chamber lens is a matter of controversy. It commonly is advised to add 0.5 mm to white-to-white diameter, while some authors advise adding 1 mm. The rationale of the size selection in phakic implants is difficult to understand, when it is considered that in hyperopia, the lens is sized 0.5 mm smaller than white-to-white diameter. The IOL is thickest in the central area. It is this area where normally there is no space as the iris rests on the crystalline lens.

It is not possible for the IOL to remain there without rubbing against the posterior pigment epithelium of the constantly moving iris, with the movements of the pupil. Years and decades of friction, no matter how soft and minor, between the pigment epithelium and the highly polished implanted lens, can only result in the attrition of the former. If the patient is diabetic or develops diabetes later on, the problem is compounded.

When discussing phakic posterior chamber lenses, only 2 structures (the iris and crystalline lens) usually are mentioned. There also should be a safety concern for the delicate ciliary body, ciliary processes, its epithelia, and its vasculature. If a plate haptic oversized posterior chamber phakic lens (this is what it normally is) has to stay clear of the crystalline lens, it should vault all the way from the periphery to the center. This is brought about by vaulting in design and by a forward lift of the oversized lens from the ciliary processes.

A foldable posterior chamber lens is fairly firm in consistency and is not to be compared with soft contact lenses. A normally fixed lens impinges hard on the ciliary body, ciliary epithelium, and ciliary processes. If the ciliary epithelium sheds, then the implanted lens will further affect the ciliary vasculature. The ciliary capillary endothelium has fenestrations of 30-100 µm, which are permeable to plasma proteins and tracer elements. A breakdown of the blood-aqueous barrier is seen clinically as inflammation and adhesion formation.

According to Trindade, the thickest part of the posterior chamber phakic lens is approximately 0.3 mm and is in the region of optic-haptic junction.3 The ultrasound biomicroscopy cannot for sure demonstrate that there is no contact between the implanted lens and the crystalline lens, since the resolving power of the instrument is up to 0.04 mm. Centrally, there is separation between the implanted lens and the crystalline lens, whereas there is frequent contact with the natural lens in the area of optic-haptic junction as revealed by ultrasound biomicroscopy.

The ideal vaulting of the posterior chamber phakic lens is yet to be known in each individual case. According to Zaldivar, low vaulting of the lens may induce subcapsular cataract formation by mechanical irritation or by obstruction of aqueous circulation to the crystalline lens.4 In contrast, excessive vaulting may lead to iris chafing and pigment loss. An oversized overvaulted lens would release pigment and cause pigmentary glaucoma as a late complication. This is of special concern because high myopes are at increased risk for glaucoma. Having a perfect vault is an ideal that is difficult to achieve in practice. If later ultrasound biomicroscopy reveals oversizing or undersizing, then another appropriate vaulting must be determined.

Reports have emphasized the accuracy of correction and the improvement of uncorrected visual acuity. However, a much larger issue, long-term tissue tolerance, is more significant than any short-term benefits, which some cite as justification for proliferating use.

In aphakic eyes, posterior chamber lens implantation in the sulcus was abandoned in favor of a more difficult, in-the-bag implantation. The reason is that sulcus fixation leads to many unacceptable complications as a result of tissue erosion, which are produced even in the roomy aphakic compartments. It is difficult to perceive that sulcus-supported phakic lenses will fare any better in a more restricted space (ie, the normal posterior chamber). Another responsibility is saving the crystalline lens from inadvertent damage, which leads to cataract formation.

In a group of patients who are prone to angle-closure glaucoma, nothing prevents the plate haptics of the phakic posterior chamber lens from pushing forward the iris periphery and crowding the angle. A precrystalline lens with its optic abutting against the iris surrounding the pupil produces some resistance to the normal free flow of aqueous through the pupil. The increasing volume of the crystalline lens with age further encroaches on the posterior chamber volume. The crystalline lens volume increases by almost 70%, from 140 µL to 240 µL, in a matter of 60 years. The normal posterior chamber volume is about 65 µL.

Undersizing and oversizing are common, and both lead to lens decentration. Unfortunately, the discovery is made only in the postoperative period when most surgeons are hesitant of exchanging the lens to a size that might perhaps be correct. The explantation of a posterior chamber foldable lens is not easy, since it is quite tough in its unfolded state.

Angle-supported lens
The angle-supported lens is not without bright and dark spots. The lens is supposed to be easiest to implant. Unlike a posterior chamber phakic lens, an angle-supported lens does not cause the development of cataract or the release of pigment from the posterior surface of the iris. The length of the IOL is calculated by adding 0.5 mm to the white-to-white diameter. It may not be the most correct way of sizing, since there are many reports of lens rotation, indicating undersizing. The tenderness and pain after phakic minus lenses is indicative of oversizing. Since the exact size of the lens cannot be defined preoperatively, it cannot be known which lens is the smaller sized, which lens would rotate, and which lens is the bigger sized and would impinge on the tissues.

There is no way to ensure that the feet of the implant will come to lie on the scleral spur. The feet lie on the corneoscleral trabeculae or on the ciliary body. In that position, the pressure of the feet may erode the angle or the uveal tissues, leading to a number of problems. The ovalization of the pupil is a much more serious problem, which tends to be overlooked in the beginning, in hopes that the process will stop on its own. However, the history of angle-supported lenses does not support this rosy picture. The sectorial nature of end arteries of the iris appears to be at the root of this malady. There is no way to bypass the anatomy of the iris.

The occurrence of UGH syndrome is a distinct possibility at any time.

Explantation may not be as easy as implantation. The reason is that the haptics have to be brought out of the angle. The haptics might be covered by the uveal tissues, which might bleed at the time of disengagement. Further, the explantation involves much pushing and pulling that causes trauma to the uvea.

Iris claw lens
The iris claw lens has many plus and minus points. The iris claw lens is a pure iris support lens. The lens is smaller than the area where it is fixed. The ocular tissues cannot catch this lens (unlike the posterior chamber lens and the angle-supported lens), so the lens is designed to catch the tissues (the anterior surface of the iris).

The centration and fixation of the lens is completed by the surgeon. The lens position is permanent, unless it dislocates due to poor fixation or injury. The principle of iris fixation inside the claws was tested clinically on thousands of aphakic eyes over 9 years, before the lens was redesigned for phakic eyes. These changes help the implanted lens to stay clear of the natural crystalline lens and the corneal endothelium. However, the principle of claw fixation remains unchanged.

The lens design permits it to stay far from the angle of the anterior chamber and allows freedom to the pupillary movements. The lens floats in the aqueous humor, while it remains fixated at 2 points. It totally avoids the posterior chamber.

The iris claw lens fixation has proved itself for a long time, both in aphakic (nearly 250,000 implantations in over 20 y) and in 16,000 myopia phakic eyes (over 14 y). Postmortem studies performed on many eyes have shown no signs of inflammation in or behind the iris. Iris claw lens implantation is not easy to perform. It requires bimanual dexterity and familiarity with the functioning of the claws.

The presence of iris tissue inside the claw and the close contact and minor friction of the haptic with the iris tissue close to the claw may potentially cause a subclinical inflammatory response. This response may be responsible for unexplained endothelial loss in certain cases.

Conclusion
Phakic IOLs have made tremendous progress over the past 20 years in terms of safety and efficacy. With proper attention to details, including postoperative care, the risk-to-benefit ratio becomes very acceptable for the individual who desires refractive surgery. By following the above principles for phakic IOL postoperative care, in addition to the surgeon’s experience with postcataract surgery care, patients should do well in the long run. Phakic IOL surgery is coming of age and becoming a mainstream option for patients who seek quality surgical vision correction.

According to Kohnen, the highly myopic patient's choices for surgical refractive correction are implantation of a phakic IOL and clear lens extraction with IOL implantation.5 Considering the high rate of retinal detachment over time after clear lens extraction in myopic eyes and the loss of accommodation, phakic IOL implantation will be considered more and more by surgeons around the world. 

Current options of phakic IOLs include anterior chamber lenses (angle-supported or iris claw) or posterior chamber lenses. Several potential advantages have been ascribed to the use of phakic IOLs to correct refractive errors (ie, myopic, hyperopic), including excellent refractive accuracy, preservation of accommodation, compatibility with proven cataract and phakic IOL implantation procedures, correction of higher levels of myopic and hyperopic refractive errors, and reversibility.

The immediate effect following phakic IOL implantation in highly myopic patients is dramatic: improvement in uncorrected visual acuity, including magnification of the visual image and increase in best corrected visual acuity. However, the list of complications is long and includes endothelial cell loss, pupil ovalization, induced astigmatism, glaucoma, and chronic subclinical inflammation for anterior chamber IOLs; for posterior chamber IOLs, complications include cataract formation, pupillary block, pigment dispersion, and glaucoma. It is necessary to report the long-term outcome of these lenses for the correction of refractive errors.

Pérez-Santonja et al reported 2-year data of a polymethylmethacrylate (PMMA) phakic IOL (ZSAL, Morcher) and concluded that fourth-generation phakic IOLs are an effective, predictable, and stable option to correct severe myopia, with minimal endothelial cell loss and a lower rate of night halos than with previous models.6 However, haptic-related problems (eg, pupil ovalization, IOL rotation, low-grade postoperative uveitis) were found. Allemann et al demonstrated similar results with good efficacy for the correction of high myopia using the NuVita 4.5-mm optic phakic IOL, but the authors were concerned about iris retraction and endothelial loss.7 

In a study of 263 phakic IOLs, Alio et al demonstrated that a potential risk of earlier nuclear cataract development after implantation of this phakic IOL exists in patients older than 40 years with axial lengths longer than 30 mm.8 This occurrence should be discussed with the patient before surgery because it has not been reported with this type of phakic IOL. The authors also showed that bilensectomy (explantation of angle-supported anterior chamber phakic IOLs and phacoemulsification with posterior chamber lens implantation) successfully resolved the complication.

Whether the perfect angle-supported anterior chamber phakic IOL for the correction of myopia has been found is an unanswered question. For all types of phakic IOLs, another question that remains unanswered and will not be known until a statistically based prospective study comparing the different phakic IOLs reports the long-term results, is whether the perfect phakic IOL design and material as well as the perfect anatomical position for the phakic IOL have been found.

The development of phakic IOLs is an ongoing process, and these lenses should be used with caution. Many patients currently have no good option for correcting their refractive error other than phakic IOLs. In some patients, the procedure is successful and the patients are overwhelmed by the optical outcome. The problems must still be addressed. Experience with these lenses will increase our understanding of them, and the results will then continuously improve. After looking at the reported complications with phakic IOLs, it has been concluded that the perfect phakic IOL has not yet been developed. This remains a goal for the next decade of refractive surgery.

Medical/legal pitfalls
Refractive surgery by phakic IOLs among myopes is not as popular as corneal refractive procedures. Phakic IOL has one advantage; the procedure is reversible, if necessary. If myopic patients agree to a refractive correction, they should know about all the available options (ie, laser refractive procedures, various types of phakic IOLs). To bear the responsibility of treating patients with phakic IOLs, surgeons should consider their personal training, experience, and surgical facilities.

A detailed informed consent is important. Problems can arise under many circumstances, as follows:

· Failure to calculate the proper IOL power and to inform the patient about the planned refractive goals

· Failure to perform a preventive iridectomy, either before surgery with a laser or a manual iridectomy during operation

· Failure to warn the patient about the possibility of some serious problems, such as pupil block glaucoma and inflammation

· Failure to advise a surgical management of severe complications by iridectomy or lens explantation at an early opportunity

· Failure to reposition, explant, or exchange an IOL when there is evidence of decentration, rotation, endothelial touch, tissue erosion, and subluxation

· Failure to inform about the possibility of late occurrence of inflammation, cataract formation, and glaucoma

· Failure to insist on lifelong, regular checkups about the transparency of the media, the IOP, fundus examination by indirect ophthalmoscopy, and anterior segment examination with a slit lamp microscope

· Failure to advise regular gonioscopy for angle-supported and posterior chamber lenses to exclude angle crowding

· Failure to advise specular endothelial cell counting on an annual basis
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Phakic Intraocular Lenses May Prove Safer Than Excimer Laser for Moderate to High Myopia

processing.... 

 

[image: image8.png]


May 13, 2010 — Phakic intraocular lenses (IOLs) may be safer than excimer laser surgical correction for moderate to high myopia and appear to be preferred by patients, according to a new study published online May 12 in the Cochrane Database of Systematic Reviews.

Allon Barsam, BDS, from the Moorfields Eye Hospital National Health Service Foundation Trust, London, United Kingdom, and colleagues point out that excimer laser refractive surgery removes corneal stroma to lessen the refractive power of the cornea, whereas phakic IOLs diverge light rays. Both methods bring the image of a viewed object into focus on the retina, rather than in front of it.

The authors sought to compare the effect of excimer laser refractive surgery with that of phakic IOLs in patients with myopia, defined as greater than 6.0 to −20 diopters with up to 4.0 diopters of myopic astigmatism. They searched several databases, finding 3 randomized controlled trials (RCTs) including 228 eyes that met eligibility criteria, and analyzed the data collectively per standard Cochrane methods.

The percentage of eyes with uncorrected visual acuity of 20/20 or better at 12 months after treatment was comparable. Phakic IOL surgery resulted in significantly less loss of best spectacle-corrected visual acuity at 12 months postoperatively compared with excimer laser surgical correction, although neither technique caused a loss of final best-spectacle corrected visual acuity.

Early cataract development, although rare, was more common with phakic IOLs. However, contrast sensitivity and patient preference scores were higher with phakic IOL surgery than with excimer laser correction.

Limitations of this review include that the 3 RCTs used in the meta-analysis were small in number and of short duration. Given these factors, some serious adverse events could have been missed in these trials.

"While phakic IOLs might be accepted clinical practice for higher levels of myopia...it may be worth considering phakic IOL treatment over excimer laser correction for more moderate levels of myopia (less than or equal to 7.0 [diopters] of myopic spherical equivalent with or without astigmatism)," the authors conclude. "[Additional] RCTs adequately powered for subgroup analysis are necessary to further elucidate the ideal range of myopia for phakic IOLs."
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