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(57) ABSTRACT 

An apparatus and technique for transscleral light-mediated 
biostimulation of the trabecular plates of a patient’s eye in 
a treatment for glaucoma or ocular hypertension. The appa 
ratus includes; a Working end geometry for contacting the 
anterior surface of the sclera and cornea to insure that a laser 
emission reaches the trabecular meshWork from a particular 
location on the anterior surface of the sclera, (ii) a laser 
energy source providing a Wavelength appropriate for 
absorption beneath the anterior scleral surface to the depth 
of the trabecular plates, and (iii) a dosimetry control system 
for controlling the exposure of the laser emission at the 
particular spatial locations. The device uses a light energy 
source that emits Wavelengths in the near-infrared portion of 
the spectrum, preferably in the range of about 1.30 pm to 
1.40 pm or from about 1.55 pm to 1.85 pm. The depth of 
absorption of such Wavelength ranges Will extend through 
most, if not all, of the thickness of the sclera (750 pm to 950 
pm). In accordance With a proposed method of trabecular 
biostimulation, the targeted region is elevated in temperature 
to a range betWeen about 40° C. to 55° C. for a period of time 
ranging from about 1 second to 120 seconds or more. 
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FIG. 1A 
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FIG. 1C 
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FIG. 2A 
(PRIOR ART) 
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FIG. 2B 
(PRIOR ART) 
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FIG. 3 
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DEVICES AND TECHNIQUES FOR 
LIGHT-MEDIATED STIMULATION OF 

TRABECULAR MESHWORK IN GLAUCOMA 
THERAPY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation of US. patent 
application Ser. No. 09/102,533 ?led Jun. 22, 1998 titled 
“Devices and Techniques for Light-Mediated Stimulation of 
Trabecular MeshWork in Glaucoma Therapy.” 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to the ?eld of medical 
therapeutics and more speci?cally relates to the ?eld of 
glaucoma and ocular hypertension therapy utilizing novel 
instruments and techniques for opto-thermal mediation of a 
patient’s trabecular meshWork for enhancing the mitotic rate 
of endothelial meshWork cells and for reduction of biostruc 
tural laxity Within the meshWork, Which meshWork biochar 
acteristics may be subject to cell-division inhibitions and/or 
other degradations. 

[0004] 2. Description of the Related Art 

[0005] Glaucomas comprise a group of debilitating eye 
diseases that are the leading cause of blindness in the United 
States and around the World. The pathophysiological mecha 
nisms of glaucomas are not fully understood. The principal 
sign of the disease is elevated intraocular pressure (IOP). 
Such elevations of IOP ultimately can cause damage to the 
optic nerve head and result in impairment to, or loss of, 
normal visual function. It is knoWn that elevated IOP is 
caused by an excess of ?uid or aqueous AQ Within the eye, 
Which is continually produced by the ciliary body CB and 
drained through the trabecular meshWork M to leave the eye 
or globe 5 (see FIGS. 1A-1D). The excess intraocular ?uid 
generally results from blockage or impairment of the normal 
drainage from the anterior chamber AC via the trabecular 
meshWork M. The meshWork consists of about 10 to 25 
layers of perforated trabecular plates (TP1 . . . TPn) or sheets 
around the ?ltration angle FA of the anterior chamber AC, 
having a Width of about 1,000 pm to 1,500 pm (1.0 mm. to 
1.5 in a circumference ranging from 35,000 to 40,000 
pm. FIGS. 1A-1B shoW electron micrographs of trabecular 
plates TP With FIG. 1B including a representation of an 
endothelial cell layer EC of trabecular beam B With the beam 
core BC believed to be predominantly collagen and GAGs 
(glucosaminoglycans) or ground substance. FIG. 1C illus 
trates that each successively deeper plate (more anterior 
plate) of the meshWork M has smaller perforations PF or 
openings betWeen the beams B than more exposed (poste 
rior) trabecular plates. Further, the intraplate spacing IPS 
diminishes With the successively deeper plates (FIG. 1C). 
The meshWork M thus serves as a ?ltration mechanism 

Wherein cellular detritus, etc. in the aqueous out?oW is 
captured before it passes into Schlemm’s canal SCH Where 
the aqueous is transported aWay form the eye (FIG. 1D). 
The meshWork M lies about 750 pm to 950 pm beneath the 
anterior surface of the sclera SC. 

[0006] A number of ophthalmic disease conditions are 
related to the trabecular meshWork and can be linked to 
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distinct processes or pathological conditions Within a 
patient’s eye. Any disease of the trabecular meshWork shares 
the characteristic of elevating IOP. Chandler et al. described 
many forms of glaucoma, the principal ones being: primary 
open-angle glaucoma (POAG); progressive loW-tension 
glaucoma; pigment dispersion and pigmentary glaucoma; 
angle-closure glaucoma; combined open-angle and angle 
closure glaucoma, exfoliation and open-angle glaucoma; 
angle-closure glaucoma due to multiple system cysts of iris 
and ciliary body; angle-closure glaucoma secondary to 
occlusion of the central retina vein; angle-closure glaucoma 
secondary to bilateral transitory myopia; ghost-cell glau 
coma; lens-induced glaucoma; glaucoma due to intraocular 
in?ammation; neovascular glaucoma; glaucoma associated 
With extraocular venous congestion; essential atrophy of the 
iris With glaucoma. among others. (Chandler, et al., Glau 
coma, 3rd Ed., Lea & Febliger, Phila. (1986)) In all of the 
above-listed glaucoma syndromes, elevated IOP results 
from an increase in resistance to aqueous humor out?oWs 
through the trabecular meshWork. 

[0007] In terms of incidence, primary open-angle glau 
coma (POAG) is the most prevalent form of the disease 
affecting up to 0.5% of the population betWeen ages of 35 to 
75. The incidence of glaucoma rises With age to over 6% of 
the population 75 years are older. One identi?able compo 
nent of the POAG syndrome is the loss of endothelial cells 
Within the meshWork Which is associated With a degenera 
tion of the normal trabecular biostructure. It is knoWn that 
the human aging process itself leads to a progressive loss of 
trabecular endothelial cells EC Which compromises normal 
aqueous out?oWs therethrough. When examined in tissue 
cultures, degraded endothelial tissue from POAG patients 
appears similar to that of “aging” individuals. 

[0008] Other characteristics believed common to POAG 
(as Well as many other glaucomas listed above) relate to a 
biostructural obstructive syndrome of the trabecular plates 
TP, for example, resulting from compression of the plates 
into a matt-like form that reduces intraplate spacing IPS 
(FIG. 1C). This factor reduces the capacity of the meshWork 
to act as a ?ltering mechanism and may develop after the 
meshWork is clogged With cellular detritus, pigments, etc. 
Such an obstructive syndrome, it is believed, also is char 
acteriZed by increased laxity of the trabecular beams B 
alloWing their collapse Which thus reduces intraplate spac 
ing. The most likely causes of the meshWork degradations 
described above may be cumulative stresses from various 
factors (e.g., oxidative, phagocytic, glucocorticoidal 
stresses). The fact that increased out?oW resistance appears 
in the non-glaucoma “aging” population further suggests 
that both trabecular endothelial cellular processes and an 
obstructive meshWork syndrome play signi?cant roles in 
decreasing aqueous out?oWs. 

[0009] The normal IOP for humans usually ranges from 
about 10 to 22 mm. Hg. (1.3-2.7 kilopascals) and is main 
tained by a balance in the aqueous production by the ciliary 
body CB, in?oWs to the anterior chamber AC and out?oWs 
therefrom. As described above, in a normal eye, the aqueous 
drains from the anterior chamber through the meshWork into 
Schlemm’s canal SCH, through Which it leaves the eye. In 
patients in a glaucomous state, besides passing through 
Schlemm’s canal, the aqueous may also pass through the 
ciliary muscle CM into the suprachoroidal space and ?nally 
leave the eye through the sclera SC (FIG. 1D). 


















