Excimer Laser

History and development

Since it's discovery by Trokel, the Excimer laser as an energy source did not vary: same wave length, same energy. However, what did vary a lot was the delivery system: 

The very first application tried with the Excimer Laser was a kind of radial keratotomy using a Laser beam of rectangular shape and a mask (system introduced by Meditek in cooperation with J. Dardenne); very soon the clinical studies (and also the histological studies, mostly by D. Aron-Rosa) showed that it was not a good approach; the Excimer Laser cut was so 'perfect' that it did not heal. 

This property happened however to be very useful in further applications.

That initial wrong direction had far reaching consequences. 

Abandoning that approach, but wanting to use the developed technology, Meditek, and later other societies (Nidek etc...) developed different scanning systems, using a moving, 'Rktype' slit to perform surface ablation. The result was a surface lacking of smoothness, where the scanning slits were still visible, compromising the optical properties and the healing of the cornea.

A smooth, regular surface proved to be indispensable for a good healing; every surface irregularity is a stimulus for epithelial growth, keratocite stimulation, and secondary haze and regression.

Another approach, introduced by Trokel and manufactured by Summit and later other societies was the "broad beam" surface ablation. A progressively opening diaphragm allowed the shaping of the cornea following the aimed optical correction. Here again the results, however positive up to a certain point, were disappointing. 

The Excimer Laser beam has the property of being quite unhomogeneous, alternating "hot" and "cold" spots resulting in an irregular surface; that surface was even more irregular due to their concentric "rings" linked to the stepwise diaphragm closure. Several more and more complex systems were introduced to homogenize the beam energy on the cornea: 

Combination of rotating slits and diaphragm; interposition of all kind of prisma (rotating or not) and lenses on the pathway of the laser beam, etc....

All these systems were short-lived, because of disappointing results but at the same time the machines became more and more complex, cumbersome, expensive, and difficult to maintain and to calibrate. 

A further try to get a better surface, given the apparent impossibility of obtaining a homogeneous broad beam, was to reduce drastically the size of the beam (down to 

1 mm). That again demanded a very sophisticated and delicate mechanism of moving mirrors, and also lengthened considerably the duration of the treatment; that in turn made it necessary to develop sophisticated (but not always efficient) tracking systems. Still there the ablation was irregular, but instead of "lines" or "circles" like the previous systems, the cornea surface had a "beaten bronze" aspect.

The failure of all these more and more sophisticated (and expensive) systems to produce a smooth surface was at the origin of another system of treatment, the LASIK, the basic idea of being to mask the ablation irregularities by covering them with a corneal flap.

In spite of good immediate results (fast visual recovery through the intact corneal surface, and no pain due to the section of the intra-corneal nerves), some side-effects are getting more and more disturbing: they are machine related (Incomplete flap, thin flaps, buttonholes,...) flaprelated (folds, retraction, acute-melting...), interface related (cell invasion, infection, ...)

Also in the long run, it appears that the residual corneal layer, too thin, is presenting a tendency towards ectasia, what can be considered as a very severe complication. 

Other negative points of the LASIK technique are the loss in contrast sensitivity due to the creation of a new optical interface, and the chronic dry eye syndrome. 

The microkeratome technology, combined to the already complex technology of the laser D.S. itself, makes the whole a quite intricated technique, prone to mechanical failure and to expensive maintenance. 

Just for the record let us mention some other technical "dead ends": the "masks" technology: rotating masks, ablatable masks, etc.; most of them been abandoned. 

To further improve the optical quality of the ablated surface, some manufactures tried to "link" the ablation device with several types of topographs (placido type, elevation type, front wave analyzers, etc..) These technologies collide with the LASIK technology, the cornea being measured on the surface, but ablated in the depth; these techniques are still new and under evaluation, but their break-through could cause the abandon of LASIK. 

The "Gaussian" concept

The InPro laser started, like many others, with a broad beam D.S. coupled to a computer steered disphragm system. The results were quite satisfactory due to several factors: the good quality of the laser source (Lambda-Novatube), the large optical zone, the high frequency (20 Hz) allowing a short treatment time, and the good fixation device. However, the first generation machines (10 years ago) showed, for high myopia correction (<8 D) some drawbacks on the quality of vision. 

Our own research based on manual and later on Infra-red Video-Sciascopy, patented refractive SLO applications, and on scanning laser microscopy of eyebank corneas. It showed that this was mainly due to aberration zones at the edge of the ablated zone caused by the sharp limits between ablated and not ablated zones. 

A technological and conceptual breakthrough occurred 5 years ago by the introduction of a purely optical device (in opposition to all the above described mechanical devices) consisting of a plate containing an array of micro-lenses allowing a true Gaussian repartition of the laser energy on the corneal surface. 

Several advantages were obtained simultaneously by that conceptual innovation: a large optical zone, a perfectly smooth surface (due to the perfect homogenisation of the beam by the Gaussian plate) very progressive edges avoiding optical aberrations, very short treatment time avoiding fixation losses and corneal dehydratation. 

That Gaussian plate was invented by V. Semchishen of the sience academy of Moscow. U. Gehm developped the optical system for the refractive cornea treatment. This optical element has the supplementary advantage of being virtually maintenance-free: no moving parts !

Another advantage of the broad beam treatment in its short duration (+/- 10 sec. even for strong myopias), that makes the use of an eye tracker unnecessary: the very small spontaneous eye movement have no negative influence on the results and could even contribute to the smoothing of the surface. 

Since the last 5 years we had no occurence of clinically significant decentration. We noted a dramatic improvement of results since the use of the Gaussian broad beam: less pain, less or no haze, less or no aberration, faster visual rehabilitation (3-4 days), broader optical zone an smoother transition zones. 

That was objectivated by SLO (scanning laser microscopy), and IR video sciascopy. Not only is the Gaussian beam favorable for myopia treatment, but it is also practicularly adapted for excentric ablation for regular or irregular astigmatism. The method of excentric ablation on the flat axis gives very good results by avoiding removing to much corneal tissue. 

Thanks to the Gaussian profile the excentric ablation zones blend perfectly with the central zone, giving an extremely large optical zone (up to 10-12 mm) in the flat astigmatism axis.

Still another major advantage of the Gaussian technique is that it renders the LASIK technique absolete:  the perfect smoothness on the ablated zone allows a very fast recuperation, especially when the LASEK technique is applied.

It is in fact the irregular stromal surface that acts as as stimulus for anarchic and excessive epithelial regrowth, cause of regression and delayed visual recuperation. 

With the LASEK technique we have a good reepithelisation after 2 - 3 days, and a correct visual recuperation at 3-4 days (with of course further improvement in the evolution).

The pain factor, in case of LASEK and therapeutic C.L. use is mostly non-existant, with however a few exceptions (10 % of the case) where a discomfort sensation, and ever pain can accur, mostly on day 2. 

Until now most of the initial problems encountered with PRK: haze, regression. pain, optical aberrations, have been solved by the Gaussian D.S. 

Where other systems have evolved. (due to an initial error in concept) to more and more complex, delicate and expensive solutions, the Gaussian DS has brought an elegant, simple, efficient and reliable approach. 

Due to the extreme simplicity and robustness of the system, the problem of maintenance is nearly non-existant. 

What is suppressed in the Gaussian is: the whole mechanically moving parts, a lot of mirrors and lenses, the tracking system, the necessity of a micro-keratome and all its accessoires, and all the related software. 

Where other systems have evolved towards a kind of dynosaurian gigantism and fragility, the Gaussian system has evolved a simplicity, flexibility, reliability, and user's friendliness. 

