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OPHTHALMOLQGIC EXAMINATION AND/OR TREATMENT APPARATUS 

The present invention relates to ophthalmologic 
apparatus-particularly useful tor eye examination and/or for 
treatment of various.eye disorders. 

5 Studies sh~w that some of the ·1eadin9 causes of 
blindness are accomp~ie4 by pathologic development of the 
vascular net in the retina. One Qf these pathologies is a 
vascular net in the chorio-retinal complex. .This riet is 
supplied by only a few fe~ing vesse~s. Generally speaking, 

10 the presently-available.ophthalmologic a~paratus is capab~e 
of only regional examination and regional treatment, and is 
incapable of examination .and/or treatment-at the capillary· 
level. As a result, the use of such.apparatus does not 
enable detailed_e~ination-of the capillary blood vessels 

15 in the pathologic vascular net nc;>r acciirate l·ocation of the 
few vessels feeding the pathologic vascul~ net. These 
limitations limtt the usefulness of the knowri apparatus for 
eye examination and/or treatment. 

An object of the present invention is to provide 
·20 ophthalmologic apparatus having advantages in the above 

. . . . . 

respects, particularly.in enabling an accurate examination 
and/or. treat~ent of th~ vascular net at the capillary 
(retinal and choroidal) level. 

A<?cording to the present invention, there is 
25 provided ophthalmologic apparatus comprising: illuminating 

means for directing light into an eye to be examined to 
illuminate a region of interest therein; a lens system for 
viewing the region of interest of the eye to be examined;· an 
optical.magnifie~ assembly for magnifying the viewed region 

30 . of interest; and an image intensifier for intensifying the 
. . 

image of· the viewed· ·reg~on of . interest. 
~uch an apparatus is useful when a fluorescent 

material is injected into the patient to enable viewing the 
blood flow in the.eye. The p~ovision of the ·image 

35 intensifier (which may be a known light amplifier) minimizes 
the int~nsity of the light required for illumination, 
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thereby producing less light toxicity ~d less interference 
from scattered light. It also minimizes the amount of 

. . 

fluorescent material required to be injected, thereby not 
only saving.on the cost of such material, but also . . 

5 minimizinq leakage of the material to surrounding tissu~ and 
backgro~d noise, thereby producing better resolution. 

Apparatus constructed ~n accordan~e ·with the 
foregoing features enables the apparatus to view under 
magnification blood vessels at the capillary level and 

10 thereby to assess the condition of.the.eye, as well as other 
health conditions of the subject which may be indicated by 
the condi t'ion of the eye.. The apparatus may also be used 
for treatment of the eye, at the.capillary level, by m~ans 
of a laser beam. 

15 Fig. 1 is a side elevational view, partly in 
section, illustrating one form of non-invasive 

. . . . . . 

ophthalmol~ic examination apparatus constructed in 
accordance with t~e present invention; 

Fig. 2 is an enlarged view of a portion of 
20 Fig. 1; 

_Fig. 3 is a side elevational view illustrating an -invasive type of ophthalmologic examination apparatus 
constructed in accordance with the present invention; . 

Fig. 4 diag~ammatically illustrates the manner of 
25 using the i~vasive-type of apparatus o·f Fig. 3 for 

examination and/or treatment of an eye disorder; . 
Fig. 5 is a perspective view illustrating an 

annular illum~nator used in the apparatus.of Fig. 4 for 
illuminating the interior of the eye being examined or 

30 treated; · 
Fig. 6 is a side elevational view illustrating the 

annular illuminator of Fig. 5; 

Fig. 7 is an enlarged fragmentary view 

illustrating the ~ounting of one of the· light sources in the 
35 annular illumnator of F~gs. 5 and 6; 
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Fig·. 8 is a fragmentary view illustrating the 

manner of simultaneously adjusting all the light sources in 

the annular illuminator of Figs. 5-7; 

and Fig. 9 is a fra~~ntary.view illustrating the 

5 apparatus including an attachment to.a video· camera for also 

recording or remotely viewing the interior of the eye· • . 
The appar~tus illustrated in Figs. 1 and 2 is a 

non-invasive type of apparatus for examining the eye with 

respect to variou$ types of ey~ disorders, and also for 

10 treating the eye if necessary by means.of a laser beam. The· 

apparatus· includes a housing, generally designated 2, 

comprising a main section 2a, a front section 2b; and two 

rear sections 2c and 2d. The housing 2 is mounted to any 

suitable support by a bracket 4 -integrally formed with the 

15 f ~ont housing section 2b. 

The front housing ._section 2b includes an annular 

light source 6 coaxial ~ith the optical axis OA of the 

apparatus and adapted to illUminate the eye (shown at E) to 

be examined or treated by the use of the apparatus. The 

20 annular light sou.rce 6 is in. the form of a circu~a:r array of 

point light emitters, or LEDs (light emitting _diodes), 

projecting light beams forwardiy of the apparatus and 

parallel to its optical axis·OA. The annular array of light 

beams are reflected by an annular lens 8 out through an 

25 opening 9 in the front end of the housing covered by a 

contact lens lO·which is.brought into direct contact with 

the eye E being examined or treated·. Annular lens 8 is a 

catadioptric or mirror lens having a first annular reflector 

surface Sa (Fig. 2) on its forward side and a second annular 

30 reflector surface Sb on its rear side for reflecting the 

· light through the housing opening 9 obliquely to the optical 

axis OA and to the eye E being examined via the contact lens 

10. 

It will thus be seen that in the arrangement 

35 illustrated in Figs. 1 and_2, the light enters the eye from 

a plurality of sides of the eye obliquely to the optical 

axis OA of the apparatus and of the eye. The oblique angle 
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of the light entering the eye is selected .so that the light 

from a plurality of sources intersects in the pla~e of the 
region of interest in the eye, to thereby provide intense 
illumination of that region of interest. To permit 

5 · preselecting the plane of intersection of the light beams, 

the annular lens 8 and contact lens 10 are mounted on a head 
12 which is movable axially of the apparatus, towards or 

away from the eye, by a motor M. Motor M is carried by the 
head 12 and drives a pinion 14 which meshes with a gear hub 

10 1 6 carried by the forward housing section 2b. ·The 

arrangement is such that rotation of pinion 14 moves head 
. . 

12, and with it the annular lens 8 and contact lens 10 
towards or away from the eye. 

'The light reflected from the interior of the eye E 
15 passe~· through the contact lens 10, through a lens system 20 

. . . . 

al·so carried by the front housing section 2b, and then 
through the· main.housing section 2a and.the two rear housing 
sections 2c, 2d. ·The main housing section 2a includes a 
magnifier assembly, generally designated 22, in the form of 

. ~ . 

LO a rotatab~e turret which may be rotated in order to select a 
desired magnification. The main housing section 2a f~rther 

includes a beam-folding. l?r~sm 24 for· reducing the total 
length of the housing.in order to focus the light emitted 

from the eye Eat the rear end of the housing, i.e., at the 
25 end of the rear housing section 2d. 

Housing section 2c houses an image intensifier 26 
which intensif~es the image of the eye. The rearmost 
housing section 2d houses a lens system 26 for focussing the 
ligh~, and also a coupling collar 30 at the end of the 

30 housing section for attaching an eyepiece 32 to enable eye 

viewing the image. Coupling ~o may a~so be used for 
attaching thereto a video camera (as shown in Fig. 9), e.g., 
a CCD array, for displacing the eye image at another 

location, and/or for recording it. 
35 The front housing 2b further includes a connector 

34 for attach~ng thereto a laser 36 adap~ed to project a 
laser beam into the eye E, e.g., for treating the eye. The 

This Sheet Has Been Replaced 

I lllllll lllllf IJll 111 1111 



.y .·-···· 

- 5 
THIS S'HEET HAS .UHEN 

REPLACED j 
laser attachment 34 aligns the laser 36 with an opening 38 

in the front housing section 2b substantially perpendicular 
to the optical axis OA. A beam splitter 40 reflects the 
laser beam out through the front housing opening 9 into the 

5 eye E via the .contact lens 10. Beam splitter 40 also. 
. . 

transmits t~erethrough the light reflected from the viewed 

region of the ·eye entering the housing via contact lens 10 

to th~ opposite end of the housing occupied by eyepiece 32 •. 

Annuiar lens 8 also serves as a zoom le.ns to 
10 . enable the size of the viewed region of interests .of the eye 

to be rapid.ly changed. For this purpose the mirror lens 8 

is mounted on a lens collar 42. · Collar 42 is fixed to a 

zooqi sleeve 44 (Fig. 2) ·by a J>in 46 and )lleshes wi·th. the hub 

of a gear 48 which may be manually rotated driving a pinion 

15 50 meshing with gear 48. Annular lens s· may .thus .be moved 
in the axial direction, parallel to the optical axi.s OA:, 

with respect ·to its· annul~r light sour~e 6 •. 

Contact lens 10 is floatingly mounted by a coiled 
spring ~sseinbly 52 to the front end of the front housing 

20 section 2b so that it may be brought into direct "contact 
. with the eye E·. being examined~ without applying undue 
pressure to the eye. A pressure control unit 53 (Fig. 2) 

cooperable with spring assembly,52 provides accurate 
measurement of the pressure applied on the eye, and can be 

25 . used for eithe~ controlling motor M and/or an indicator (not 
shown) to prevent excessive pressure from being applied to· 
the eye, ·and/or for providing an indication if excessive 

pressure should be applied to the eye. 
The distance between the contact lens 10 to the 

30 relpy system 20 may be adjusted by means of a threaded 
fastene~ 56 (Fig. 2) to compensate for variations in the RPE 

(retinal pigment epithelium) location 54 which varies with 

the eye size. 
The manner of using the apparatus illustrated in 

35 Figs. 1 and 2 will be app~rent from the above description. 
Thus, the apparatus is positioned to bring the contact lens 
10 into direct contact with the subject's eye E1 while the 
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coiled spring 52 carrying the contact lens, and the pressure 

sensor 53, p~event undue pressure on the eye. Compensation 
for variations in the location of the RPE 54 because of the 

eye.size may be made by the·use of threaded fastener.56.· 

5 The interior of the eye is illuminated by the 

10 

15. 

annular series of light sources 6 projectin~ the light 

through the annular lens 8 within the_ housing 2 into the eye 

E via the contact lens 10. As described earlier, the light 
entering the eye ·obliquely from many sides is preset to 

intersect in the plane of the region of interest fn · the ey.e. 
Such an.arrangement provides relative intense illumination 

at the region.of interest, and at the ~ame time minim~zes 

interference with the light reflected from the eye and to be 

observed· during the examination. 

The light reflected from the· eye E ,is passed 

through the relay.lens 20 and ~he magnifier assembly 22, the 
be~ folding· prism.24, the image i~tens~fie~ 26 and the lens 
system··2s, and may be viewed through the eyepiece 32 (or a 

video camera) at the opposite end o~ the apparatus. 
20 /Magnifier assembly turret 22 may ·be rotated to select any 

desired magnification, e.g., from 20X to about 250X~ If the 

size of the vie~ed region of ~nterest of the eye is.to be 

changed, gear 4·a may be manually rotateq to move the lens 

collar 42 of the annular mirror· lens 8 forwardly or 

25 rearwardly with ~espect. to. the· contact lens 10. 
If the eye is also to be treated by a laser beam, 

laser 36 is attached via the attachment 34 to project its 
laser beam through opening 3-8 into the.interior of the 

housipg." Beam· splitter 40 reflects the laser beam along the 
30 optical axis OA into the subject's eye Evia the contact 

lens 10. The light emitted from the eye E passes through 

the relay lens 20, beam splitter 40, magnifier assembly 22, 

beam folding prism 24, image intensifier 26, and eyepiece 32 

at the opposite end of the apparatus. If it is desired to 

35 tr~nsmit the image of the eye to another location or to 
record it, this can be done by replacing the eyepiece 32 

with a video camera unit, such as a CCD a shown in Fig. 9. 

1mriiffi1irr 
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Fig. 3 illustrates an· implementation of. the 
invention·in another type of ophthalmologic apparatus for 
ex~ining and/or treating an eye disorder. The ·apparatus 

·illustrated-in Fiq. 3 includes a housing 102, of similar 

construction as in Figs. 1 and 2, enclosing a turret-type 
magnifier assembly 122, a beam folding prism ·124, and an 

image intensifier 126. Housig 102 in Fig. 3 also includes 
an attachment 134 for.attach~ng a laser to project a laser 
beam to a beam splitter 140 which ~eflects the laser beam 
along the optical axis ·oA of the apparatus into the.eye 
being ·examined, and passes the image reflected from the eye 

. . 
through the relay lens assembly 120, ma911ifier assembly 122, 
beam folding prism 124, and image intensifier 126 to the 

·eyepiece 132 at the opposite end ~f the apparat~s. 

However, the· appar~tus of Fig." ·3 does not include 
a contact lens, correspo~ding to.contact lens 10· at the 

front part bf the apparatus for co~tact with the eye being 
examined; rather, it includes an endos~ope 150 adapt·ed' to . 

. . . 
penetrate the eye, as shown in Fig. 4. As further shown in 

20 Fig .. 4 '· the· interior of the eye is illuminated by a separate 
illuminator, generally designated 160, which is placed into 
contact with the eye, and not by_ an •.illuminator within· the 
housing 102, as in the Figs. 1 and 2 apparatus. 

The endoscope_150 may contain an irrigator/ 
. . z;:; 

J aspirator port 152, and fiber optics for illumination. In 

30 

that. case, the illuminator 160 is not needed. Since the 
space in the endoscope is limited, using part of it for 
illuminating fibers would be on the account of the image 
quality achieved by the system. 

Llluminator 160, for illuminating the eye being 
examined and/qr treated, is illustrated in Figs. 4-7. This 
illumi~ator is also .of annular shape. It includes an 
annular-shaped lens 162, and an annular array of light 
sources 164 supported around the outer periphery of the 

35 annular lens 162 and oriented such that the iens reflects 
the lens from the light sources into the eye. For this 
purpose, the annular lens 1-62 includes an annular reflector 

-----·---··---· 
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surface 162a (Fig. 7) on the front face of the lens in 
contact with the eye, and an annular reflector surface 162b 
on its rear face·, such that the light is directed by the two 
reflector "surfaces inwardly ~f the eye along an annular 

5 array of converging paths as illustrated by arrows 166 in 
Figs. 5 and 7, while the eye is _observed via the window 168 
in the illuminator as indicated by arrow 169 in Fig. 7. 

As shoWri particularly in Fig. 4, the light. enters 
the eye o~liquely from a plurality of ~ides and intersects 

10 at the plane of the region of interest in the eye. As 
described above with respect to the Figs. ·1 _and 2 
embOdiment, such an i_llumination system maximizes the 
intensity of illumination of the region of interest and al~o 
minimizes the interference with the light reflected back out 

15 of the eye to ~nable viewing the"region of interest. 
The annular array of light sources 164 may be 

point light emitters, such as LEDs, optical fibers, or the 
like.· Each light sourc·e l64 is pivotally mounted l'?Y a pin 
·111. to a pair of posts 172 formed on a ring 174 extending 

20 around the periphery of the annular lens 162, to vary the 
·angl~ of the light sources with respect to the optical axis 

25 

of the illuminator, and of the eye, in order to change the 
plane of the point of intersection of their light beams 
within the eye. For thi~ purpOse, each light source 164 is 
formed with an ear 176 at its uppe~ end adapted to receive a 
common adjusting ring 178 of variable diameter, such that 
increasing the diameter of adjusting ring 178 pivots all the 
light sources 164 simultaneously ·in one direction; and 
decreasing the diameter of ring 170 pivots the light sources 

30 simultaneously in the opposite direction. 
Annular illuminator 160 is provided with a knob 

180 (Fig. 5) which may be manually rotated in order to 
increase or decrease the diameter of adjusting ring 178. 
This is more particularly illustrated in Figs. 5 and 8, 

35 wherein it will be seen that the two ends of adjusting ring 
178 are formed with teeth, as shown at 178a, 178b, 
engageable with a toothed wheel 182 fixed to knob 180, such 

.,, _____ , __ 
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that rotation ·of the knob in one direction draws the ends 
178a, 178b of the adjusting ring together to decrease its· 

diameter, whereas rotating the knob in .the opposite 
direction moves the two ends apart to increase the· 

5 diameter. 

10 

When Using the apparatus illustrated in Fig. 3, 

the annular illuminator 160 illustrat~d in Figs. 5-7 is 

placed o~er and in direct contact with the eye. The 

variable-diameter ring 178 is then adjusted by rotating knob 

180 to pivot all the point light sources·164 such as to 
illuminate the region of interest of the eye, as· illustrated 
in. Fig. 4. The endoscope 150 (Fig. 3)·is then inserted into 

the eye in alignment with the region of interest. While the 
. .. . . 

interior of th~ eye is illuminated by the annular 

15 illuminator 160, the region of interest may be viewed via 
. . 

the endoscope 150, relay l:ens system 120, magnifier a_ssembly 

122·, beam-folding prism 124, image intens_ifier 126, and the 

eyepiece 132 (or video cam~ra if used), in the same manner 

as described above with ·respect to Figs~ 1 and 2. The area 

20 of interest in the eye may also be viewed directly, or by a 

microscope, through the central window 168 in the annular 

illuminator 160. If the interior of the ey~ is also to be 
treated by".a laser beam, the laser is energized and·its beam 

is directed by beam splitter 140 via the endoscope 150 into 

25 the eye, in substantially·the same manner as described above 

with respect to Figs. 1 and 2, except in this case that the 
laser (not shown) is mounted to pass its beam through the 
endoscope 150 rather than through the contact lens 10. 

Fig. 9 illustrates a variation wherein the 
30 coupling collar 30 in Figs. 1 and 2 is used for coupling 

thereto both an eyepiece 200 and a video camera 202, e.g., a 

CCD camera, to en~bl~ the area of interest of the eye .being 

inspected also to be viewed from a ~emote location and/or to 

be recorded. It will be appr~ciated that the video camera 

35 attachment illustrated in Fig. 9 could also be applied to 

the apparatus illustrated in Fig. 3. 
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Fig. ·9 also illustrates another method of 

illumination using an external light source, in this case an 

optical fiber 204 leading to a halogen lamp 205. The 

optical system i~ this ~ase includes a filter 206 cutting 

5 off UV light, a condensing lens system 208, and an annular 

mask 209 having a circular array of openings 210, which 

produces an annular array of light b~ams. These light beams 

are reflected from a beam spl~tter 210 within the housing 

onto the eye being examined so as to enter the eye also 

· 10 obliquely from a plurality of sides, and.thereby to 

intersect at the ~lane of interest within the eye, as 

described above with respect to the embodiments of Figs. 1, 

2 and 3-8. 
·rn all other respects, the apparatus· illustrated 

.. 

15 in Fig. 9 is similar to that described above particularly· 

with respect to Figs. 1 and 2. 
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WHAT IS CLAIMED IS: 

1. Ophthalmologic apparatus, comprising: 

illuminating means for directing light into an eye to.be 

examined to illuminate a region of interest therein; a lens 
5 system for viewing said region of interest of the eye to be 

examined; an optical magnifier a~sembly for magnifying the 

viewed region of interest; and an image intensifier for 

intensifying the image of the viewed region of interest. 

2. The apparatus according to Claim 1, whe~ein 

· 1 O said illuminating means dir_ects light obliquely into the eye 

to be examined. 
3. The apparatus according to Claim 2, wherein 

said il+uminating means directs light into the eye from 
opposite sides thereof to inter.sect in the plane of the 

15 region of interest in the eye. 

4. The apparatus according to Claim 3, wherein 

·said illuminating means comprises: an annular light source; 

and an annular reflector coaxial with said annular light 
source for reflecting the lig~t into the eye from all sides 

20 thereof· to ·inte·rsect ·in the plane of the region of interest 

in th~ eye. 

5. The apparatus according to Claim 4, wherein 

said illurnin{iting me.ans compris~s means for chang"ing the 

axial distance between the annular +ight source and the 

25 annular reflector to change the plane of intersection of the 
light .. 

6. The apparatus according to Claim 4, wherein. 

said annular light source comprises an annular array of 
point light emitters, and means for changing·the angle of· 

30 said light emitters with respect to the axis of said annular 
array to change the plane of intersection of the light. 

7. The apparatus according to any one of Claims 

1-6, wherein said lens system includes a contact lens 

engageable with the eye. 
35 8 .. The apparatus according to any one of Claims 

1-6, wherein the apparatus includes. an endoscope adapted to 
penetrate the eye for viewing a selected region thereof. 

------ .. - ·------ -·----
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9. The apparatus according to any one of Claims 

1-8, wherein said housing includes an attachment for 
attaching ~ laser thereto, and .directing means for directing 
a laser beam emitted from said laser to said viewed region 

5 of the eye.-
10. The apparatus according to any one of Cl~ims 

1-9, wherein said housing includes an eyepiece :for eye 
viewing the region of intere.st, and a video camera for 

camera viewing the region of interest. 
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