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_ OPHTHALMOLOGIC EXAM N _AND/OR APPARATUS

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

5 _ Studies show that some of the leading causes of
' blindness are accompanied by pathologic development of the
' vascular net in the retina. One of these pathologies is a
vascular net in the chorio-retinal complex. This net is
supplied by only a few feeding vessels. Generally speaking,
10 the presently-available .ophthalmologic apparatus is capabie
of only regional examination and reéiohal treatment, and is
incapable of examination and/or treatment. at the capillary
Jevel. As a result, the use of such apparatus does not
enable detailed examination of the capillary blood vessels
_ 15 in the pathblogic vaécular net nor accurate location of the
' few vessels feeding the pathoiogic vascular net. These
limitations limit the usefulness of the known 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 treatment of the vascular net at the capillary
(retinal and choroidal) level.

Agcording to the present.invéntion, there is

25 provided ophthalmologic apparatus comprising: illuﬁinating
means for directing light into an eye to be examined to
illuminate a region of interest therein; a lens system for
viewing the région of interest of the eye to be examined;'an
optical‘magnifie:.assgmbly for magnifying the viewed region

30 .of interest; and an image intensifier for intensifying the
image of the viewe6~region 6f_interest.

‘ Such an apparatus is useful when a fluorescent
material is injected into the patient to enable viewing the
blood flow in theteye. The provisidn of the -image

35 intensifier (which may be a known light amplifier) minimizes
the intensity of the light required for illumination, '
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bl i ndness are acconpani ed by pathologic devel opnment of the vascular net in
the retima. One of these patholo- gies is a vascular net in the .
chorio-retinal conplex. This net is supplied by only ' essel s.

General |y speal ing, the presently- avallab?e'ophthalnnfoﬁﬂ%sépiépﬁsaﬁﬁﬁ i S
capabl e of only regional exam nation and regional tre HAdER

incapable Oftﬁ%f%%y pro&hc1ng less light toxicity and less interference
from scattered light. It also minimizes the amount of
fluorescent mcterial rcquired to be injected, thereby not
only saving on the cost of such material, but also
5 minimizing leakage of the material to surrounding tissue'and
background noise, thereby producing better resolution.
Apparatus constructed in accordahce'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 condition of the eye. The'apparatus may also be used
for treatment of the eye, at the capillary level, by means
of a laser beam. '

15 Fig. 1 is a side elevational view, partly in
sectlon, illustrating one form of non—invas1ve
ophthalmolchc cxamznatlon apparatus constructed in

| accordance with the preSeni invention; _
fig; 2 is an enlarged view of a pbrtion of
20  Fig. 1; B
Fig. 3 is a side elevatlonal view illustrat1ng an
invasive type of ophthalmologic examination apparatus
constructed in accordance with the present invention; .
Fig. 4 diagrammatically illustratés the manner of
25 using the invasive-type of appcratus of Fig. 3 for
" examination and/or treatment of an eye disoxrder; .

’ - Fig. 5 is a perspective view illustrating an
annularx illuminafor 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 mounting of oné of the light sources in the

35 annular illumnator of Figs. 5 and 6;
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and/or treatment at the capillary level. As a result, the use of such
apparatus does not enable detailed exam - nation of the capillary blood
vessel s in the pathologic vascul ar net nor accurat@H%o¢@3T@ﬂwoﬁ;§h few
vessel s feeding the pathol ogi c -vascul ar et These |n1hg@uqmma limt the
usef ul ness of the known apparatus for eye exam nattomamd/ortreatnent.

_ 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 Flg g is a fragmentary view 1llustrat1ng the
53 | apparatus including an attachment to a video camera for also
recording or remotely viewing the interior of the eye.
' ' The apparatus illustrated in Figs. 1 and 2 is a
ndn—invasive type of apparatus for examinihg the éye with
respect to various types cof eye disorders; and elso-for
treating the eye if necessary by means of a laser beam. The
' apparatﬁS'inciudes 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  front housing section 2b. . '

-~

10

The front housing section 2b includes an annular
llght source b6 coaxial with the optlcal 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 source 6 is in.the form of a circular array of
point light emitters, or LEDs (light emitting diodes),
projecting light beems forwardly 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 10 which is brought into direct contact with
the eye E being examined or treated. Annular lens 8 is a
catadioptric or Mirfbr lens having a first annular reflector
surface 8a (Fig. 2) on its forward side and a second annular

30 reflector surface 8b 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 fhe apparatus and of the eye. The oblique angle
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An exanpl e of such a known apparatus is EP 0554 643 A, which is rel evant
under artticle 54(3) EPC only. This docunent discloses equipnment for retinal
and chor oi dal angi ography and conprises neans for the illu- mnation of the

occul ar fundus and neans for displayingg4and recordi fggishedsrage oien he
occul ar fundus. A further exanple of the known art §s USx8s84kn/72.
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35

of the light entering the eye is selected so that the light
from a plugality of sources intersects in the plane of the
region of interest in the eyé, to thereby provide intense
illumination of that regioﬁ of interest. To permit
preselectihé 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 a2 motor M. Motor M is carried by the
head 12 and drives a pinion 14 which meshes w1th a gear hub

16 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‘

'passes through the contact lens 10, through a lens system 20

also carried by the front hou51ng section 2b, and then
through the maln.hou51ng section 2a and. the two rear housing
sections 2c, 2d. The main housing section 2a includes a

lmggnifier dssembly, generally designated 22, in the form of

a rotatab;e turret which may be rotated in order to select a
desired magnification. The main housing section 2a further
includes a beam-folding.prism'24 for reducing the total
length of the housing'in.order to focus the light emitted
from the eye E at the rear end of the housing, i.e., at the
end of the rear housing section 24.

Housing section 2c¢ houses an image intensifier 26
which intensifies the image of the eye. The rearmost
housing section 24 houses a lens system 28 for focuésing the
light, and also a coupling collar 30 at the end of the
hoosiné section for attaching an eyepiece 32 to enable eye
viewing the image. Codpling'30 may also be used for
attaching thereto a video camera (as shown in Fig. 9), e.g.,
a CCD érray, for displacing the eye imaée at another
location, and/or for recording it.

The front housing 2b further includes a connector
34 for attaching thereto a laser 36 adapted to project a
laser beam into the eye E, e.g., for treating the eye. The
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Thi s docunent discloses an eye exam ning instrunment aligning neans
involving-a infra red |ight beamdirected at the eye, an inmage intensifier,
means for focusing reflected infra red light fromthe eye on the imge
inten- sifier and neans for V|emnngiﬂuL|§age praduced by the |ngge

intensifier of the eye. The eye viewer is assoc ﬂ?@i&@ﬁmm$89nmeye
exam ning instrunment for aligning and REPLACED

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 openlng 9 into the
3 eye E via the ‘contact lens 10. Beam splitter 40 also
transmits therethrough the light reflected from the viewed
region of the eye entering the housing via contact lens 10
to the opposite end of the housing occupied by eyepiece 32.
. Annular lens 8 also serves as a zoom lens to
10 . enable the size of the viewed region of interests .of the eye
to be rapidly changed. For this purpose the mirror lens 8
is mounted on a lens collar 42.- Collar 42 is fixed to a
ZOOm sleeve 44 (Flg. 2) by a pin 46 and meshes w1th the hub
of a gear 48 which may be manually rotated dr1v1ng a pinion
15 50 meshing with gear 48. Annular lens 8 may thus be moved
" in the axial direction, parallel to the optical axls oa,
with respect to its annular light source 6.
| Contact lens 10 is floatingly mounted by a coiled
N spring assembly 52 to the front end of the front hdusing
20 section 2b se that it may be brought into direct contact
' ‘with the eye E being examined, without applying undue
pressuré to the eye. A pressure control unit 53 (Fig. 2)
cooperable with spring assembly 52 provides accurate
measurement of the pressure applied on fhe eye, and can be
25 ~ used for either controlling motor M and/or an indicator (not
shownf 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 relay‘system 20 may be adjusted by means of a threaded
fastener 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'appqrent from the above description.
Thus, the appafatus is positioned to bring the contact lens

10 into direct contact with the subject's eye E, while the
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p05|t|on|ng the instrunent relative to the eye by view ng -2- the

centering:of the light fromthe instrunent on the eye and the centerlng of
t he |nage “of the eye in the field of
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-6 - | REPLACE

N

coiled spring 52 carrying the contact lens, and the'pressure
sensof 53, prevent 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
~ annular series of light sources 6 projecting the light
through the annular lens 8 within the housing 2 into the eye
' E via the contact lens 10. As ae8cribed earlier, the'light
entering the eye obliguely from many sides is preset to
10

intersect in the plane of the region of interest in the eye.
Such an arrangement provides relative intense illumination
at the region.of interest, and at the same time minimizes
interference with the light reflected from the eye and to be
observed during the examination. '

4]

The light reflected from the eye E is passed
through the relay lens 20 and the magnifier assembly 22, the
beam folding prism 24, the image intens1fier 26 and the lens
system-28, and may be viewed through the eyeplece 32 (or a
video camera) at the opposite end of the apparatus.

ZQ ‘Magnifier assembly turret 22 may be rotated to seléct.any
desired magnification, e.g., from 20X to about 250X. If the
size of the viewed region of ;nterest of the eye is .to be

- changed, gear 4é may be manually rotatéd to move the lens

_ collar 42 of the annular mirror lens 8 forwardly or

25  rearwardly with respect 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 thiough opening 38—into the interior of the
housing. Beam splitter 40 reflects the laser beam along the

30 optical axis OA into the subject's eye E via 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 transmit 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, suéh as a CCD a shown in Fig. 9.
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view of the eye viewer. An object of the present invention is to pr.ovide
oph- thal rol ogi c apparatus having advantages in the ahove respects,

particularly in enabling an accurate examina- tion ﬁﬂmﬂﬁ?tEBaKH&mPNoL

vascular net at-the capillary (retlnal‘aﬁd'chor0|dal) | evetry 2 Accor di n

t he present

10

dinvention there is provided e e

Fig. 3 illustrates an-implementation of. the
invention 'in another type of ophthalmologic apparatus for
examinihg and/or treating an eye disorder. The apparatus

“illustrated in Fig. 3 inclqdes 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 attachlng a laser to project a laser
beam to a beam splitter 140 which reflects 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, magnifier asseﬁbly 122,
beam folding prism 124, and image intensifier 126 to the

"eyepiece 132 at the opposite end of the apparatus.

However, the apparatus of Fig. 3 does not include
a contact lens, corresponding to contact leﬁs 10" at the
front part of the apparatus for contact with the eye being

.examined; rafher, it includes an ehdosqope 150 adapted to

20

30

35

penetrate the eye, aé shown in Fig. 4. As further shown in
Fig. 4, the interior of the eye is illuminated by a separate
1llum1nator, generally de51gnated 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 irrlgator/
aspirator port 152, and fiber optics for illumlnatlon. In
that case, the illuminator 160 is not needed. Sirice the
space iﬁ the endoscope is limited, using part of it for
illuminating fibers would be on the account of fhe image
quality achieved by the system.

Illuminator 160, for illuminating the eye being
examined and/ér treated, is illustrated in Figs. 4-7. This
illuminator is also of annular shape. It includes an
annular-shaped lens 162, and an annular array of light
sources 164 suppoftéd around the outer periphery of the
annular lens 162 and oriented such that the lens reflects
the lens from the light sources into the eye. For this
purpose, the annular lens 162 includes an annular reflector
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ophthalﬁnlOgic épparatus conprising |Ilun1nat|ng neans for dlrectlng | i ght

into an eye to be examned to illumnate a region OyisNGEESST T Lpu .
| ens  system for viewi ng the region of interest of t.he eﬁg“upt e é&a

an optical magnifier assenbly for nagni fyBng the

and an image.intensifier for |nten5|fy I ng the i mage of the vi ened region

of interest.
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The
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 of the eye along an annular
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 shown particularly in Fig. 4, the light enters
the eye obliquely from a plurality of 'sides and intersects
at the plane of the region of interest in the eye. As
described above with :espect to the Figs. 1 and 2 |
embodiment, such an illumination system ma#imizes the
intensity of illumination of the region of interest and also
minimizes the interference with the light reflected back out

- of the eye to enable viewing the region of interest.

The annular array of light sources 164 may be

'p01nt light emitters, such as LEDs, optical fibers, or the

like. Each light source 164 is pivotally mounted by a pin

171, to a pair of posts 172 formed on a r1ng 174 extending

around the periphery of the annular 1ens 162, to vary the

angle of the light sources with respect to the optical axis
~ 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 this purpose, each light source 164 is
formed with an ear 176 at its upper end adapted to receive a
common adjusting ring 178 of variable diamefer, 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
simultaneously in the cpposite 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,
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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invention is characterised in that said illumnnating neans dlrects | ight

obliquely into the eye to be exam ined. Such an app

fl-uorescent material is injected into the patient to éﬁ&ﬁﬁ?aﬁ&&ﬂ$ﬁﬁM

bl ood flow in the eye. The provision of? the i rage inl
be a known |ight anplifier) mnimzes
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that rotation of the knob in one direétion 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
diameter. ' B

When using the apparatué illustrated in Fig. 3,
the annular illuminator 160 illustrated in Figs. 5-7 is
placed over and in direct contact with the eye. The

"varlable-dlameter 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
intérior of the eye is illuminated by the annular
illuminator 160, the region of interest may be Yiewed via

the endoscope 150, relay leps system 120, magnifier assembly

122, beam—foiding prism 124, image intensifier'126, and the
eyepiece 132 {(or video camera if used), in the same manner

“as described above with respect to ?igs; 1 and 2. The area

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 eyé is also to be
treated by .a laser beam, the laser is energized and its beam
is directed by beam splitter 140 via the endoséope 150 inté
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
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 enable the area of interest of the eye being
inspected also to be viewed from a remote location and/or to
be recorded. It will be appreciated thatJthe video camera
attachment illustrated in Fig. 9 could also be applied to
the apparatus illustrated in Fig. 3.
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the intensity of the light required for illumnation, t her eby prodﬁcing

|l ess 1ight toxicity and |l ess interference from sca

it 1l so
m ni,im zes the anount of fluores- cent materi al rquﬂFEHQﬂﬁﬁléﬁﬁﬁ?%%ted,
t hereby not onl-y saving on the cost of -sd®&h-materi al bﬁﬁf%‘éh’ninLr'zing

Ieakége of the material to surrounding tissue and back- ground noi se,

t her eby produci ng better resol ution.

10

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 in this case includes a filter 206 cutting

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 beams. These light beams
are reflected from a beam splitter 210 within the housing
onto thé eye being examined so as to enter the eye also
obliquely from a plurality of sides, and thereby to
intersect at the plane of interest within the eye, as
déscribed above with respect to the embodiments of Figs. 1,
2 and 3-8. | |

| In all other respects, the apparatus illustrated
in Fig. 9 is similar to that described above particularly
with respect to Figs. 1 and 2. o '
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par at us

constructed 1 n accordance with the fore-

t he apparat us]uﬁwulmtmn gni fication blood ves xt—t he capillary
| evel and the e condltlon of the eype, F” r

heal th con

of the eye.

capillary
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diti ons®of" the Subject whi ch ey be indi- e Eoh i
_ The apparatus may al so be used for treatnent of

WHAT IS CLAIMED IS:

1. Ophthalmologic apparatus, comprising:
illuminatihg means for directing light into an eye to.be
examined to illuminate a region of interest therein; a lens
system for viewing said region of interest of the eyve to be
examined; an optical magnifier assembly 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, wherein .
said illuminating means directs light obliéuely into the-eye
to be examined. ' '

3. The apparatus according to Claim 2, wherein
said illuminating means directs light into the eye from
opposite sides thereof to intersect in the plane of the
region of interest in the eye.

4. The apparatus accordlng to Claim 3, wherein

'said illuminating means comprises: an annular light source;

20

25

30

35

and an annular reflector coaxial with said annular light
source for reflecting the'light into the eye from all sides
thereof - to intersect in the plane of the region of intérest
in the eye. | ) .

5. The apparatus accbfding to Claim 4, wherein
said illuminating means compfises means for changing the
axial distance between the annular light source and the
annular reflector to change the plane of intersection of the
light. ' '

6. The apparétus accordiﬁg to Claim 4, wherein
said annular light source comprises an annular array of
point light emitters, and means for changing the angle of
said light emitters with respect to the axis of said annular
array to change the plane of intersection of the liéht.

_ 7. The apparatus according to any one of Claims
1-6, wherein said lens system includes a contact lens
engageable with the eye.

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 régipn thereof.

This Sheet Has Been Replaced

1



| evel

'by means of a |aser beam - 3- Fig. 1 is a side elevational viemg

partly i n-section, illustrating one form of non- |nvcfﬁyg“ggprha+
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camera viewing the region of interest.
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The apparatus according to any one of Claims
1-8, wherein said housing includes an attachment for
attachiqg'a-laser thereto, and directing means for directing
a laser beam emitted from said laser to said viewed region

10. The apparatus éccording to any one of Claims
1-9, wherein said housing includes an eyepiece for eye
viewing the region of interest, and a video camera for



exam nati on apparatus constructed in accordance W th the present invention;

Fig. »2 is an enlarged view of a portlon of Fig.1l; Fig. S BE
el evational viewillustrating an inva- sive type of ophi §é§g§ﬁwtt3 ZEN
exam nation apparatus constructed in accordance with th T Rv-en
t on;

ABSTRACT

The cphthalmologic apparatus comprises
illuminating means (6) for directing light into an eye
to be examined to illuminate an area of intereet

5 therein; a lens system (20) for viewing the region of
intérest of the eye to be examined; an optical magnifier
assembly (22) for magnifying the viewed region of
interest; and én image intensifier (26) for intensifying .
the image of the viewed region of interest. The

10 illuminating means (6) directs light into the eye from
opposite sides thereof to intersect in the plane of the
reglon of interest in the eye.
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Fig. 4 diagrammatically illustrates the manner of usi ng the invasive-type
of appar.atus of Fig. 3 for exam nation and/or treatnent

poappdl : ; ; : ; TRIS SYETH SO[FR
Fig. 5 is a perspective vi eW|IIustrat1ﬂg_an annul ar il um nat gfpy I n
the apparatus of Fig. 4 for illum - betng—
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Fig. 6-is a si de el evati onal view illustrating the annu- lar illum nator of

Fig. 55 Flg. 7 is an enlarged fragmentary _view illustrating the moun
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one of the light sources in the annu- Iar?/ﬁluninator of
Fig. 8 is a fragnentary view illustrating the manner of s
adjusting all the Iight sources. in '
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the anhul ar illum nator of Figs.

5-7; and Fig. 9 is a fragnentary vi ew

|IIustra1|ng the apparatus including an attachrment to a V|deo cam era for
also’‘recording or renotely view ng the ingg rior par at us
illustrated in-Figs. 1 .and 2 is a non- invasive typ “ep ?éﬁﬁs”f r

r“vb,/

exan1n|ng the eye with
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FIG. 4
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respect to various types of eye disorders, and also for treating the eye if

necessary by neans of a | aser beam The

genefal |y desi g-
and two rear sections 2c and 2d. The housing 2 is nou

rflg%paratus I ncl udes a housing.
nated 2, conprising a i'n section 2 -,T'BSS thant psestion 2b,
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-4- The front housing section 2b includes an annular |ight source 6 coaxi al
mﬁth@ihe~@ptical axis OA of the apparatus and adapted to illum nate the eye
(shown at 5/6
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E) t6 be exani ned or - treated by the use of the appara- tus. The annul ar

Iigf'ut ‘source 6 is in the form of adé@?
or LEDs (light emtting diodes), _

appara- tus and parallel to its optical axis QA Thef
beans are reflected by an annular lens 8 o
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covered by a contact |ens TOwhith—Ts brought i nto drreet—econrt-act

eye E being examined or treated _Annu-_lar-hens 8 ig ﬁEBh‘h&M"ﬂEtSfHE«ETO'
| ens having a first {armsISHEEY BAS 8EEDr| surfacd ga{Fgr—2)on
forward side and a second gnnul aRERL&EERct or isurface {84

51
reflecting the Iight through the housing opening 9 ob|i3§QN@&%3ﬁ@?e o]
axis OA and to the eye E being
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ABSTRACT

The ophthalmologic apparatus comprises
illuminating means (6) for directing light into an eye

to be examined to illuminate an area of interest
therein; a lens system (20) for viewing the region of
intérest of the eye to be examined; an Optical magnifier
assembly (22) for. magnifying the viewed region of
interest; and an image intensifier (26) for intensifying

the image of the viewed. region of interest. The

illuminating means (6) directs light into the eye from

opposite sides thereof to intersect in the plane of the
region of interest in the eye. '

Fig.1
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exam ned via the contact lens 10. It will thus be seen that in the
arrangenment” illus- trated ingH 1 and 2, the |ight e_eye froma
plurality of sides of the eye 1B sarmel y, gnt optical | aRiPs ACAET &I
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region_ of interest in the eye, to thereby provide intense illumnation of
that regi 6n of interest. To pef

dlle U7|\ I[ILFEL@%C non
of the light beams, the annul 16 et inted 'on a
head 12 which is nobvabl e axi al* il rds or away from the
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meshes with a gear hub 16 carried hy the foryward hous- ing section 2b. The
arrangenent” i s such that rof aHiSoSHERT HASNEHEIN 14 noves hea rg /.. ERIF TV\&

the annul ar lens 8 and conthct | &BLATED owar s or away |f gloey en déh
light reflected fromthe interior of the eye E passes through the cont fc
| ens 10, through a lens sys- tem 20 also carried by the ﬂrc@@ AR 990
section 2b, and 3/6
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-5- then through the main housing section 2a and the two rear housing

sections 2c¢, 2d. The nmain ho n_2a includes a H%ﬁylfltl‘goqgnhl
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22, in the formof a rotatable turret which may be rotated in order to
on_2a further
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Housing section 2c houses an image intensifier 26 which intensifies the
I mge of t'he eye. The rearno X

ng section 2d housé§ 8
for focuss- ing the light, a d”ﬂﬁSBEETH@y Lg col | ar oRﬁﬁﬂﬁﬂg @%Eﬁggf he
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Fig.9), e.g., aCCDarray, for displacing the eye i e ATEME tﬁ’éFET

| ocati on,
connect or
beaminto

and/or for re = the—font housi ng 2b further inclludes
34 for attach qg@ﬁg}lﬂgéﬁs & zi‘ser 36 adapt e(d tOTGrQEQCIO?]p la er
i

t he ‘eye E, e. he eye. The ljaser attac

aligns the laser 36 with an opening 38 in t he front lhousing se

substantially perpen-

OPHTHALMOLOGIC EXAMINATION AND/OR TREATMENT APPARATUS
The present ‘invention relates to ‘ophthalmologic apparatus particuiarly useful for eye

examination and/or for-treatment of various eye disorders,

A/ N "

a

_ Studies show that some of the leading causes of blindness are accompanied by pathologic

development of the vascular ﬁet in the retina.  One of .thcse pathologies is a vasculsr net in the
chorio-retinal c&rr_:p]ex. This net is supplied by mlf 2 f;w feeding vessels. Generally speaj:ing; the
pmscntly—anil&lé o;}hﬁmlmologic apperatus is cap.able of only regional examination and regional
reatment, .and is incapable of examination and/or treatrhent at ﬁé capillary level. Asa result, the
use of such appéxanxs docs nat ensble detailed examination of the capillary blood vessels in the
pathalogic vascular net aor accurate location of the few vessels fqédiixg-thé pethologic vascular pet.
These limitations limit the usefulness of the known appamtus fo.r ¢ye examinstion and/or ':rea&ncnt

An example of such a known apparatus is EP 0554 643 A, which is rc‘cvam under article
54(3) EPC only. This documcnt discloses equipment for reunal and chnroxdal angmgraphy and
comprises means for the illumination of the occular fundus and means for displaying and rec_ord.mg
the image of the cccular fundus.

A further example of the known art is US 3 871 772. This docurnent discloses an eye
examining instrument aligning means involving an infra red light beam directed at the eye, an
image intensificr, means for focusing reflected infra red lfght from the eye on the image intensifier
and means for viewing the image produced by the image intensifier of the eye. The eye viewer is
associated with an eye examining instrument for aligning and pesitioning the instrument relative to
the eye by viewing the centertng of the light from the instrument on the eye and the centering of the
image of the eve in the field of view of the eye viewer. |

An object of the present invention is to provide ophthalmologic apparatus having advantages

in the above respects, pacticularly in enabling an accurate examination and’'or treatment of the.

vascular net at the capillary (cetinal and choroidal) level.
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dicular to the optical axis OA. A beamsplitter 40 rgf S eam
out through the front hou eni-Rg-—-9-1nfo the eye Ehgg[“ﬁ mﬁzdﬁ@ﬁt | ens

10. Beamsplitter 40 al so §n§?’ﬁr3t éﬂt‘H%?r“é*t hrough the(lijght reflected fjrom
t'he vi ewed regi on of the leye eBE2ri55§ t he housi ng via con19t%ﬂ 1997nsi 10 to
t he opposite end of the hou5|ng occupleg by eyepi ece|32

According to the present invention, there is providéd ophthalfielogic appzrates comprising:
Hluminating means for directing light into an eye to be examined to lluminate a region of intefest
therein; a lens system for viewing the region of interest of the ¢ye to be examined; an optical
magnifier assembly for magnifying the viewed region of imer;st; and an image intensifier for
intensifying the image of the viewed region of interest. The invention is characterised in that said

illuminating means directs light obliqusly into the eye to be examincd.

Such an apparatus is useful when & ﬁu:;msc_ent material is injected into the ‘patient to enable
viewing the blood flow in the eye. The provision of the image imtensifier (which may be a inow
light amplifier) minimizes the inteasity of the light required for illumination, thereby producing less
light toxicity and 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
minimizing Jeakage of the material to surrounding tissue and background noise, thereby producing
better resolution.

Apparatus constructed in accordance with the foregoing features enables the apparatus to
view under magnification blood ves.sels at the capillary level and tﬁercby to assess the condition of
the eye, as well as other health conditions of the subject whicl may be indicated by the condition of
the eye. The apparatus may also be used for treatment of the eye, at thel capillary level, by means of
a laser beam.

Fig. 1 is a side elevational view, partly in section, illustrating one form of ncm-invasi.vc
ophthalmologic examination apparatus constructed in accordance with the present invention:

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

Fig. 3 is a side elevational view illustrating an invasive type of ophthalmalogic examination
apparatus constructed in accordance with the présent invention;

Fig. 4 diagrammatically illustrates the manner of using the invasive-type of apparatus of Fig.

3 for examinatior and/or treatment of an eye disorder; )
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Annul ar lens 8 also serves as_a zoomlens o ena- I BEFIAGERESE Q@f”ﬁ he
viewed region of interestistgfk direT eys BESNbe rapi dl y anged. For th S
purpose the mrror lens § |s naprFiEEDdon a | ens col ljarn 4@2@ 7 42 is

fixed to a zoom sl eeve 44—Frg-_2) by a pin 46 and |ngs h™t he! hub of
gear 48 which may be manual ly rotated gri ving a piri c,n—se—ﬁ%shrﬂg'w h gear
48. Annul ar |l ens 8 may sea-

Fig.'S is a perspective view illustrating an annitlar iluminalGT osed jn"thg apparatus df Fig. 4
for itluminating the interiar of the eye being examined or treated,
Fig. 6 (s a side elevational view illustrating the annular Yluminator of Fig, 5;

Fig. 7 is an enlarged fragmentary view illustrating the mounting of ane of the light sources in

the annular illuminator of Figs. S and §;
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Fig. 8 is a fragmentary view illustrating the
manner of simultaneously adiusting all the light sources in
the annular illuminator of Figs. 5-7;

and Fig. 9 is a fragmentary view illustrating the
apparatus including an attachment to a video camera for also
recording or remotely viewing the interior of the eye.

The apparatus illustrated in Figs. 1 and 2 is a
non-invasive type of apparatus for examining the eye with
respect to various types of eye disorders, and also for
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 2¢ and 2d. The housing 2 is mounted to any
suitable support by a bracket 4 integrally formed with the
front hou51ng section 2b.

The front housing section 2b includes an annular
light source 6 coaxial with the optical axis OA of the
apparatus -and adapted to illuminate the eye (shown at E) to
pe examined or treated by the use of the apparatus. The
annular light source 6 is in the form of a ciicular array of
point light emitters, or LEDs (light emitting diodes}, .
projecting light beams forwardly 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
opening 9 in the front end of the housing cove;ed by a
contact lens 10 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 8a (Fig. 2) on its forward side and a second annular
reflector surface 8b on its rear side for reflecting tbe
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 e seen that in the arrangement
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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spring assenbly 52 to the front end of the front h(uRa%ACEprf § “5b ko that
it may be brought into difegis &aracis wah|the eyelE belng exam neld,

wi t hout appl yi ng undue pressur @gboad djbei eye| A pressufe tDREROINNIL 53
(‘Fig. 2) cooperable wth sprrmg—assent provi dgs|accur at e neasjurienent
of the pressure applied on the eye, and,can be usedl for either contrjolling
notor M and/ or an

of the light entering the eye is selected .so that the light
from a plurality of sources intersects in the plane of the
region of interest in the eye, to thereby provide intense
illumination of that region of interest. To permit
preselectfné 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
16 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
passes throggh the contact lens 10, through a lens system 20
also carried by the front housing section 2b, and then

through the main. housing section 2a and. the two rear hou51ng

sections 2¢c, 2d4. -The main housing section 2a includes a

magnifier assembly, generally designated 22, in the form of

a rotatable turret which may be rotated in order to select a

desired magnification. The main housing section 2a further

includes a beam-folding prism 24 for reducing the total
lquth of the housing'in'order to focus the light emitted
from the éye E at the rear end of the housing, i.e., at the
end of the rear housing section 2d.

Housing section 2c houses an image intensifier 26

which intensifies the image of the eye. The rearmost

housing section 2d houses a lens system 28 for focuésing the
light, and also a coupling collar 30 at the end of the

housing section for attaching an eyepiece 32 to enable eye:

viewing the image. Coupling 30 may also be used for

attach}ng thereto a video camera'(as'shown in Fig. 9), e.qg.,

a CCD array, for displacing the eye image at another

location, and/or for recording it.

The front housing 2b further includes a connector

34 for attaching thereto a laser 36 adapted to project a

laser beam into the eye E, e.g., for treating the eye. The
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i.ndi cator (not shown) to prevent excessive pressu} e B H fi%n wapphled to
the eye, and/or for providifgsaaesneikearkQn i f exgpegsive pressuré¢ shoul d be
applied to the eye. The di|stancesharween the contlhct HASEEPROYSD the rel ay
system 20 may be adj usted f ast ener 56 (Flg IZ) to

conpensate for vari a-

laser attachment 34 aligns the laser 36 with an opening 38
in the front housing section 2b substantially perpendicuiar
to the optical axis OA. A beam splitter 40 reflects the
laser beam out through the front housing opening 9 into the
eye E via the contact lens 10. Beam splitter 40 also
transmits therethrough the light reflected from the viewed
region of the eye entering the housing via contact lens 10
to the opposite end of the housing occupied by eyepiece 32.

Annular lens 8 also serves as a zoom lens to
enable the size of the viewed region of interests of the eye
to be rapidly changed. For this purpose the mirror lens 8
is mounted on a lens collar 42. Collar 42 is fixed to a i
zoom sleeve 44 (Fig. 2) by a pin 46 and meshes with the "hub
of a gear 48 which may be manually rotated driving a pinion
50 meshing with gear 48. Annular lens 8 may thus be moved
in the axial direction, parallel to the optical axis 04,
with respect to its annular light source 6.

_ Contact lens 10 is floatingly mounted by a coiled
spring assembly 52 to the front end of the front housing
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)
cocoperable with spriné assembly 52 provides accurate
measurement of the pressure applied on the eye, and can be
used for either 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
relay system 20 may be adjusted by means of a threaded
fastener 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
Figs. 1 and 2 will be apparent from the above description.
Thus, the apparatus is positioned to bring the contact lens
10 into direct contact with the subject's eye E, while the
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tions in the RPE (retinal
the eye size.

2 W | |

be apparent from
p03|t|oned to-bring th

subject's eye E, while the coiled sprlqg 52 carry

pi gment epithelium | odapiepm@4owhi HELVaries with
The nanner—ﬁtwﬂs+ng_phe.apoaratus il | st-ra #ed“rn'FEgﬁ. 1 and
thE SP6v&sgasEni p- tion. [THus JS is

on- *F#8¢CEPens 1P into dlréct190ﬂ§%3§ hithe

i nig_t he._ conLacLAlens, and

L

coiled spring 52 carrying the contact lens, and the pressure
sensor 83, prevent 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_ss.

The interior of the eye is illuminated by the
annular series of light sources 6 projecting 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 in the eye
Such an arrangement provides relative inténsé'illumination
at the region.of interest, and at the same time minimizes
interference with the light reflected from the eye and to be
observed during the examination. ' ' .

The light reflected frdm the eye E is passed
through the relay lens 20 and the magnifier aésembly 22, the
beam folding prism 24, the image intensifier 26 and the lens
system 28, and may be viewed through the eyepiece 32 (or a
video camera) at the oppqsite end of the apparatus.

Magnifier assembly turret 22 may be rotated to select any

desired magnification, e.g., from 20X to about 250X. 1If the
size of the viewed region of interest of the eye is .to be
changed, gear 48 mnay be manually rotatéd to move the lens
collar 42 of the annular mirror lens 8 forwardly or
rearwardly'with respect 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 thfough opening 38 into the interior of the
housing. Beam splitter 40 reflects the laser beam along the
optical axis OA into the subject's eye E-via 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

transmit 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.
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the pressure sensor '53, prevent undue pressure on tREQLﬁ)&;m@ogmgms(tlon for
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made by the use of thregded fasteoer 56. The intdrijo é'g e
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t hrough the annular lens 8 within the_h;)_using 2 intla_the eve E v[jajthe

Fig. 3 illustrates an implementation of the
invention in another type-of cphthaimalogic apparatus for
examining and/or treating an eye disorder. The apparatus
illustrated in Fig. 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 attaching a laser to project a laser
beam to a beam splitter 140 which reflects 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, magnifier assembly 122,

‘beam folding prism 124, and image intensifier 126 to the

eyepiece 132 at the opposite end of the apparatus.
However, the apparatus of Fig. 3 does not include
a contact lens, corresponding:to contact lens 10 at the

front part of the apparatus for cogtact with the eye being

examined; rat®er, it includes an endoscope 150 adapted to
penetrate the eye, as shown in Fig. 4. As further shown in
Fig. 4, the interior of the. eye is illuminated by a separate
lllumlnator, 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/
aspirator port 152, .and fiber optics for illumination. In
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 imége
quality achieved by the system.

Illuminator 160, for illuminating the eye being
examined and/or treated, is illustrated in Figs. 4-7. This
illuminator 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
annular lens 162 and oriented such that the lens reflects
the lens from the light sources into the eye. For this
purpose, the annular lens 162 includes an annular reflector
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contact lens 10. As described earlier, the |ight entgLJnn the eye obliquely
fR

from many sides is preset| trory SURRSECT pigh 1 he pl ane ENeCERBoRHRET
interest in the eye. Suchj an amsgangesent pfovi des relayTve~+ﬂ%ense*
i1lrum nation at the region of 1

Mmterest—and at the sa tlé?% ni m zes
inter- ference wwth the |ight reflecteg_fron1the eyela ahd % SE& ¥8Zerlvdd
during the exam nation. )

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 of the eye along an annular
array of converging paths as illustrated by axrrows 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 shown particularly in Fig. 4, the light enters
the eye obliquely €from a plurality of 'sides and intersects
at the plane of the region of interest in the eye.

described abgve with respect to the Figs. 1 and 2
embodiment,

As

such an illumination system maiimizes the
intensity of illumination of the region of interest and also
minimizes the intexference with the light reflected back out
of the eye to enable viewing the region of interest.

The annular array of light sources 164 may be
point light emitters, such as LEDs, optical fibérs, or the
like. Each light source 164 is pivotally mounted by a pin
171 to a pair of posts 172 formed on a ring 174 extending
around the periphery of the annular lens 162, to vary the
angle of the light sources with respect to the optical axis
of the illuminator, and of the eye, in order to change the
plane of the point of intersection of their lxght beams
within the eye. For this puzpose, each light source 164 is
formed with an ear 176 at its upper 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-
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,
wherein it will be seen that the two ends. of adjusting ring
178 are formed with teeth, as shownm 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
173a, 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
diameter. .

When using the apparatus illustrated in Fig. 3,
the annular illuminator 160 illustrated in Figs. 5-7 is
placed over 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 the eye is illuminated by the annular

illuminator 160, the region of interest may be viewed via
the endoscope 150, relay lens system 120, magnifier assembly
122, beam-folding prism 124, image intensifier 126, and the
eyepiece 132 (6r video camera if used), in the same manner
as described above with respect to Figs. 1 and 2. The area
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 eye is also to be
reated by a laser beam, the laser is energized and its beanm
is directed by beam splitter 140 via the endoscope 150 into
the eye, in substantially.the same manner as described above
with respecﬁ 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
coupling collar 30 in Figs. 1 and 2 is used for coupiing
thereto both an eyepiece 200 and a video camera 202, e.g., 2
CCD camera, to enable the area of interest of the eye being
inspected also to be viewed from a remote location and/or to
be recorded. It will be appreciated that the video camera
attachment illustrated in Fig. 9 could also be applied to -’
the apparatus illustrated in Fig. 3. -
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l.ens system 28, and may be viewed through the eyg- Regil. 4Glaiiaer €6§}aTV|deo
canmera) at the opposite end mofis bhezepRagat:us. Magnj TTEF a§§enbry UUrret 22
may be rotated to sel ect ahy desinredcmmgni fifcatijn} 9 Pf to about
250X. If the size of the vl;WEﬁTTTKﬁTﬂTTW“TTterest of ﬁg ‘@gf}j o be

changed, gear 48 may be manual l'y rotatﬁy_to novel t! 2 of the
annular mrror

Fig. 9 also illustrates another method of
illumination using an external light éource, in this case an
optical fiber 204 leading to a halecgen lamp 205.  The
optical system in this case includes a filter 206 cutting
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 beams. These light beams

are reflected from a beam splitter 210 within the housing
onto the eye being examined so as to enter the eye also
obliquely from a plurality'of sides, and thereby to
intersect at the plane of interest within the eye, as

described above with respect to the embodiments of Figs. 1,
2 and 3-8.

In all other respects, the apparatus illustrated

in Fig. 9 is similar to that described above particalarly
with respect to Figs. 1 and 2.
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1. Ophthalmologic apparatus, comprising: iliuminating means for directing light into an cye'

CLAIMS

to be examined to illuminate a region of interest therein; a lens system for viewing said region of
interest of the eye to be examined; an optical magnifier assembly for magnifying the viewed region
of interest; and an image intensifier for intensifying the image of the viewed region of interest,
characterised in that said illuminating means directs light obliquely into the eye to be examined.

2. The spparatus according to Claim 1, wherein said illuminating means directs Jight into the
cye from opposite sides thereof to intersect in the plane of the region of interest in the eye.

5. The apparatus according to Claim 1 or. Claim 2, wherein said illuminating means
comprises: an annular light source; and an annular reflector coaxial with said annular light soiurce
for reflecting the light into the eye from all ;ides thereof to intersect in.the plane of t.h'c region of
interest in the eye.

4. The apparatus accoxding to Claim 3, wherein said illuminating means comprises means for
changing the axial distance between the mﬂu light source ana the annular reflector to change the
plane of intersection of the light.

5. The appanatus accqfding to Claim 3 ot claim 4, wherein said annular light source
comprises an annular array of point light emitters, and means for changing the angle of said light
emitters with respect to the axis of said annular array to change the plane of intersection of the

light.

6. The apparatus according to any one of Claims 1-5, wherein said lens system includes a
contact lens engageable with the eye.
7. The apparatus according to any one of Claims 1-6, wherein the apparatus includes an

endoscape adapted fo penetrate the eye for viewing a selected region thereof.

8. The apparatus according to any one of Claims 1-7, wherein said housing includes an

attachment for attaching a laser thereto, and. directing means for directing a laser beam emitted

IR

from said laser to said viewed region of the eye.



l.ens. 10. The light emtted from-+the—eye E passes thrmpg@ fiber wekay |l ens 20,
beam splitter 40, nagnifier adEBnBIEEIIRS Iﬁéafrrrf ol fli Rg~-pPFi-s- 24—" ngge
intensifier 26, and eyepi ecdﬁz_dff%ﬂg905| e endjof the a ara tus. |f
it is desired to transmt the i mage of the eye to|ahottRSER dnlor to
record it, this can be done by repl aci ngzthe eyeplege 32 with a I geo

canera unit,

9. The apparatus according to 2ny one of Claims 1-8, whereini said. housing includes 4in
eyepiece for eye viewing the region of interest, and a video camers for camera viewing the region

of interest.
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such as a CCD a shown in Fig. 9. Fig. 3 illustrates an inplenentation of

the invention in another type [0} T hatotogrc appargt-ts—-e+—exam-Ri~— ng
and/or treating an eye disord rﬂﬁﬁggg é &‘r-ué

incl udes a housing 102, of sim+ar—eeAstruction as i FUsT—Tandt 2]
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lens fromthe light sources into the eye. For thi
.lens 162 includes an annul ar reflector surface 1

face of the lens in con- tact with the eye, and a
surface 162b on its rear face, such that the ligh
reflector surfaces inwardly of the eye along an a
paths as illustrated by arrows 166 in ; .

o,
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Ophthalmoiogic examination and/or treatment apparatus

Description

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

Studies show that some of the leading causes of
blindness are accompanied by pathologic development
of the vascular net in the retina. One of these patholo-
gies is a vascular net in the chorio-retinal complex. This
net is supplied by only a few feeding vessels. Generally
speaking, the presently-available ophthalmologic appa-
ratus is capable of only regional examination and
regional treatment, and is incapable of examination
and/or treatment at the capiilary level. As a resuilt, the
use of such apparatus does not enable detailed exami-
nation of the capillary blood vessels in the pathologic
vascular net nor accurate location of the few vessels
feeding the pathologic vascular net. These limitations
limit the usefulness of the known apparatus for eye
examination and/or treatment.

An example of such a known apparatus is EP 0554
643 A, which is relevant under article 54(3) EPC only.
This document discloses equipment for retinal and
choroidal angiography and comprises means for the illu-
mination of the occular fundus and means for displaying
and recording the image of the occular fundus.

A further example of the known art is US 3 871 772.
This document discloses an eye examining instrument
aligning means involving a infra red light beam directed
at the eye, an image intensifier, means for focusing
reflected infra red light from the eye on the image inten-
sifier and means for viewing the image produced by the
image intensifier of the eye. The eye viewer is asscci-
ated with an eye examining instrument for aligning and
positioning the instrument relative to the eye by viewing

19 Juk 1338
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Figs. 5 and 7, while the eye is observed via the window T68 -t

Il lum nator as indicated by arrow 169 in Fig. 7. $h gééﬁn rfy in
Fig. 4, the light enters the eye obliquely froma pldra |P5ﬂ% des| and
intersects at the plane of the region of interest [nihe-eye. As degcri bed
above with respect to the Figs. 1 and 2 enbodi nent] such an illum ngtion

* system maxi m zes

-2 -
the centering of the light from the instrument on the eye

and the centering of the image of the eye in the field of
view of the eye viewer.

An object of the present invention is to provide oph-
thalmologic apparatus having advantages in the above
respects, particularly in enabling an accurate examina-
tion and/or treatment of the vascular net at the capillary
(retinal and choroidal) level.

According to the present invention there is provided
ophthaimologic 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 magnifier assembly for magnifying the viewed-

region of interest; and an image intensifier for intensify-
ing the image of the viewed region of interest. The
invention is characterised in that said iliuminating
means directs light obliquely into the eye to be exam-
ined. :

Such an apparatus is useful when a fluorescent
material is injected into the patient to enable viewing the
blood flow in the eye. The provision of the image inten-
sifier (which may be a known light amplifier) minimizes
the intensity of the light required for illumination, thereby
producing less light toxicity and less interference from
scattered light. It also minimizes the amount of fluores-
cent material required to be injected, thereby not only
saving on the cost of such material, but also minimizing
leakage of the material to surrounding tissue and back-
ground noise, thereby producing better resolution.

Apparatus constructed in accordance with the fore-
going features enables the apparatus to view under
magnification blood vessels at the capillary level and
thereby to assess the condition of the eye, as well as
other health conditions of the subject which may be indi-
cated by the condition of the eye. The apparatus may
also be used for treatment of the eye, at the capillary
level, by means of a laser beam.
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the eye to

Fig. 1 is a side elevational view, partly in section,
illustrating one form of non-invasive ophthalmologic
examination apparatus constructed in accordance
with the present invention;

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

Fig. 3 is a side elevational view illustrating an inva-
sive type of ophthalmologic examination apparatus
constructed in accordance with the present inven-
tion;

Fig. 4 diagrammatically illustrates the manner of
using the invasive-type of apparatus of Fig. 3 for
examination and/or freatment of an eye disorder;
Fig. 5 is a perspective view illustrating an annular
illuminator used in the apparatus of Fig. 4 for illumi-
nating the interior of the eye being examined or
treated,

Fig. 6 is a side elevational view illustrating the annu-
lar illuminator of Fig. 5;

Fig. 7 is an enlarged fragmentary view illustrating
the mounting of one of the light sources in the annu-
far ifluminator of Figs. 5 and 6;

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 fragmentary view iilustrating the
apparatus including an attachment to a video cam-
era for also recording or remotely viewing the inte-
rior of the eye.

The apparatus illustrated in Figs. 1 and 2 is a non-
invasive type of apparatus for examining the eye with
respect to various types of eye disorders, and also for
treating the eye if necessary by means of a laser beam.
The apparatus includes a housing, generally desig-
nated 2, comprising a main section 2a, a front section
2b, and two rear sections 2¢c and 2d. The housing 2 is
mounted to any suitable support by a bracket 4 inte-
grally formed with the front housing section 2b.



est. The annular array of light sources 164 may be point light emtters,
such as LEDs, optical fibers, or the like. Each |light source 164 is
pivotally mounted by a pin 171 to a pair of posts 172 fornmed on a ring 174
extendi ng around the periphery of the annular lens 162, to vary the angle
of the light sources with respect to the optical axis

-4 -

The front housing section 2b inciudes an annular
light scurce 6 coaxial with 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 appara-
tus. The annular light source 6 is in the form of a circular

array of point light emitters, or LEDs (light emitting
dicdes), projecting light beams forwardly of the agpara-
tus and parallel to its optical axis OA. The annular array
of light beams are reflected by an annular lens 8 out
through an opening $ in the front end of the housing
covered by a contact lens 10 which is brought into direct
contact with the eye E being examined or treated. Annu-
lar lens 8 is a catadioptric cr mirror lens having a first
annular reflector surface 8a (Fig. 2) on its forward side
and a second annular reflector surface 8b on its rear
side for reflecting the light through the housing opening
9 cbliquely to the cptical axis OA and to the eye E being
examined via the contact lens 10.

It wiil thus be seen that in the arrangement illus-
trated 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 cblique angle
of the light entering the eye is selected so that the light
from a plurality of sources intersects in the plane of the
region of interest in the eye, to thereby provide intense
ilumination of that region of interest. To permit prese-
lecting the piane 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 16 carried by the forward hous-
ing 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
passes through the contact lens 10, through a lens sys-
tem 20 also carried by the front housing section 2b, and
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of the illumnator, and of the eye, in order to chf‘ fé%95w*§NBl%§§§lo t he
point of intersection of their light beans within the eye. For thi
purpose, each light source 164 is formed with anjear 919QM W upper e
adapted to receive a conmon adjusting ring 178 of yariable diang- {ter,
that increasing the dianmeter of adjusting ring 1f8 pirvors—att—tHe |l i ght
sources 164 sinultaneously in -5 -

then through the main housing section 23 and the two
rear housing sections 2c, 2d. The main housing section
2a includes a magnifier assembly, generally designated
22, in the form of a rotatable turret which may be rotated
in order to select a desired magnification. The main
housing section 2a further includes a beam-folding
prism 24 for reducing the total length of the housing in
order to focus the light emitted from the eye E at the rear
end of the housing, i.e., at the end of the rear housing
section 2d.

Housing section 2¢ houses an image intensifier 26
which intensifies the image of the eye. The rearmost
housing section 2d houses a lens system 28 for focuss-
ing the light, and also a coupling collar 30 at the end of
the housing section for attaching an eyepiece 32 to ena-
ble eye viewing the image. Coupling 30 may also 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.

The front housing 2b further includes a connector
34 for attaching thereto a laser 36 adapted to project a
laser beam into the eye E, e.g., for treating the eye. The
laser attachment 34 aligns the laser 36 with an opening
38 in the front housing section 2b substantially perpen-
dicular to the optical axis OA. A beam splitter 40 reflects
the laser beam out through the front housing opening 9
into the eye E via the contact lens 10. Beam splitter 40
also transmits therethrough the light reflected from the
viewed region of the eye entering the housing via con-
tact lens 10 to the opposite end of the housing occupied
by eyepiece 32.

Annular lens 8 also serves as a zoom lens to ena-
ble the size of the viewed region of interests of the eye
to be rapidly changed. For this purpose the mirror lens
8 is mounted on a lens collar 42. Collar 42 is fixed to a
zoom sleeve 44 (Fig. 2) by a pin 46 and meshes with the
hub of a gear 48 which may be manually rotated driving
a pinion 50 meshing with gear 48. Annular lens 8 may

nd
such



one direction,

and decreasing the dianmeter of riln ERIAGE @ %ot% e
sources simultaneously in the opposite direction. itAnnular illumn
e

is provided with a knob 180 (Fig. 5) which may Qe naﬂga\][j‘yw% af
to increase or decrease the dianeter of adjustirgiring 178. Thi
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particularly illustrated in Figs. 5 and 8§, T
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thus be moved in the axial direction, parallel to the opti-
cal axis OA, with respect to its annular light scurce 6.
Contact lens 10 is floatingly mounted by a coiled
spring assembly 52 to the front end of the front housing
section 2b so that it may be brought into direct contact
with the eye E being examined, withcut applying undue
pressure to the eye. A pressure control unit 53 (Fig. 2)
cooperabie with spring assembly 52 provides accurate
measurement of the pressure applied on the eye, and
can be used for either 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
relay system 20 may be adjusted by means of a
threaded fastener 56 (Fig. 2) to compensate for varia-
tions in the RPE (retinal pigment epithelium) location 54
which varies with the eye size.

The manner of using the apparatus illustrated in
Figs. 1 and 2 will be apparent from the above descrip-
tion. Thus, the apparatus is positioned to bring the con-
tact lens 10 into direct contact with the subject's eye E,
while the coiled spring 52 carrying the contact lens, and
the pressure sensor 53, prevent 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.

The interior of the eye is illuminated by the annular
series of light sources 6 projecting 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 in the eye. Such an
arrangement provides relative intense illumination at the

region of interest, and at the same time minimizes inter-

ference with the light reflected from the eye and to be
observed during the examination.

i ght

At or 160
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with teeth,

) as shown at 178a, 178b, engageabl e
"fixed to knob 180, such that rotation of the k
the ends 178a, 178b of the adjusting ring tog
di aneter, whereas rotating the knob in the oppo
ends apart to increase -7 -
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wherein it will be seen thatthe two ends of adf U LAENT!Hgi178 dre formed

The light reflected from the eye E is pass
the relay lens 20 and the magnifier assembly 22, the
beam folding prism 24, the image intensifier 26 and the
lens system 28, and may be viewed through the eye-

piece 32 (or a video camera) at the opposite end of the

apparatus. Magnifier assembly turret 22 may be rotated
to select any desired magnification, e.g., from 20X to
about 250X. If the size of the viewed region of interest of
the eye is to be changed, gear 48 may be manually
rotated to move the lens collar 42 of the annular mirror
lens 8 forwardly or rearwardly with respect to the con-
tact 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 38 into the interior of the hous-
ing. Beam splitter 40 reflects the laser beam along the
optical axis OA into the subject's eye E via the contact
lens 10. The light emitted from the eye E passes
through the relay lens 20, beam splitter 40, magnifier
assembly 22, beam foiding prism 24, image intensifier
26, and eyepiece 32 at the opposite end of the appara-
tus. If it is desired fo fransmit 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.

Fig. 3 illustrates an implementation of the invention
in another type of ophthalmologic apparatus for examin-
ing and/or treating an eye disorder. The apparatus illus-
trated in Fig. 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 attaching a laser to
project a laser beam to a beam splitter 140 which
reflects 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, magnifier assembly 122, beam folding
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t hé di aneter.

Wien using the apparatus il usf riEtebCAMENT GHEES,

t he annul ar

Jllumnator 160 illustrated in Figs. 5-7 is pllAced oVer andnlrp di rect
contact with the eye. The variabl e- dianeter; r| ngg 1@@1 1?%% i adj usted by
rotating knob 180 to pivot all the point Ilght sour th as to

illumi- nate the region of interest of the eyer-as~i-hlustraled

-8 -
prism 124, and image intensifier 126 {0 the eyepiece
132 at the opposite end of the apparatus.

However, the apparatus of Fig. 3 does not include a
contact lens, corresponding to contact lens 10 at the
front part of the apparatus for contact with the eye being
examined; rather, it includes an endoscope 150
adapted to penetrate the eye, as shown in Fig. 4. As fur-
ther shown in 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/aspi-
rator port 152, and fiber optics for ilumination. In that
case, the illuminator 160 is not needed. Since the space
in the endoscope is limited, using part of it for illuminat-
ing fibers would be on the account of the image quality
achieved by the system.

lliuminator 160, for illuminating the eye being exam-
ined and/or treated, is illustrated in Figs. 4-7. This illumi-

“nator 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 annu-
lar lens 162 and oriented such that the lens reflects the
lens from the light sources into the eye. For this pur-

pose, the annular lens 162 includes an annular reflector
surface 162a (Fig. 7) on the front face of the lens in con-

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

As shown particularly in Fig. 4, the light enters the
eye obliquely from a plurality of sides and intersects at
the plane of the region of interest in the eye. As
described above with respect to the Figs. 1 and 2
embediment, such an illumination system maximizes

in
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the intensity of illumination of the region of interest and
also minimizes the interference with the light reflected
back out of the eye to enable viewing the region of inter-
est.

The annular array of light sources 164 may be pcint
light emitters, such as LEDs, optical fibers, or the like.
Each light scurce 164 is pivotally mounted by a pin 171
to a pair of posts 172 formed on a ring 174 extending
around the periphery of the annular lens 162, to vary the
angle of the light sources with respect to the optical axis
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 this purpose, each light source 164 is
formed with an ear 176 at its upper end adapted to
receive a common adjusting ring 178 of variabie diame-
ter, 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 simultanecusly 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,
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 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 diameter.

When using the apparatus illustrated in Fig. 3, the
annular illuminator 160 illustrated in Figs. 5-7 is placed
over 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 illumi-
nate the region of interest of the eye, as illustrated in




natér 160,

the region of interest may be vi ewed jvipa-t-he-endoseepe
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150,

relay | ens system 120, nagnifier assenbly 122, jbga nﬁé ﬂ@ﬁgﬁgr s 124,

image intensi- fier 126, and the eyepiece 132 (adr
t he sane manner as descri bed above with respect jt lgs. 1 and 2.
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used), in
The area

of interest in the eye may al so -be viewed direct{ly, or by a m crogcope,
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Fig. 4. The endoscope 150 (Fig. 3) is then inserted into
the eye in alignment with the region of interest. While
the interior of the eye is illuminated by the annular illumi-
nator 160, the region of interest may be viewed via the
endoscope 150, relay lens system 120, magnifier
assembly 122, beam-folding prism 124, image intensi-
fier 126, and the eyepiece 132 (or video camera if

used), in the same manner as described above with
respect to Figs. 1 and 2. The area of interest in the eye

may also be viewed directly, or by a microscope,
through the central window 168 in the annular illumina-
tor 160. If the interior of the eye 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
info the eye, in substantially the same manner as
described above with respect to Figs. 1 and 2, excegt in
this case that the laser (not shown) is mounted o pass
its beam through the endcscope 150 rather than
through the contact lens 10.

Fig. 9 illustrates a variation wherein the 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 enable the area of interest of the eye
being inspected also to be viewed from a remote loca-
tion and/or to be recorded. It will be appreciated that the
video camera attachment illustrated in Fig. 9 could also
be applied to the apparatus illustrated in Fig. 3.

Fig. 9 also illustrates another methed of illumination
using an external light source, in this case an optical
fiber 204 leading to a halogen lamp 205. The optical
system in this case includes a filter 206 cutting off UV
light, a condensing fens system 208, and an annular
mask 209 having a circular array of openings 210, which
produces an annular array of light beams. These light
beams are reflected from a beam splitter 210 within the
housing onto the eye being examined so as to enter the
eye also obliquely from a plurality of sides, and thereby
to intersect at the plane of interest within the eye, as



through the central w ndow 168 in the annul ar |@km ey If the
interior of the eye is also to be treated by 3 lﬂ ﬁg% fﬁgUtaser

energi zed and its beamis directed by bean1splldter 140 via the'endoscope
150 into the eye, in substantially the same manmer1QsJUM4998 bied above with

respect to Figs. 1 and 2, except in [hif_case that the Iaser.(QOt shown) is
nounted to pass o

described above with respect to the embodi of
Figs. 1, 2 and 3-8.
In all other respects, the apparatus illustrated in Fig.

9 is similar to that described above particularly with
respect to Figs. 1 and 2. :



Its beam through the endoscope 150 rather than through the contact |ens 10.
(Fig. 9 illustrates a variation wherein the couplip otar—30.Ln.Figs. 1
and 2 is used for coupling thereto both an eyepi ecg?fﬁb‘ﬁ?a'n@ aéuquie camera

202, e.g., a CCD canera, to enable the area of intdréstof- Weye bei ng
I nspect ed also to be viewed froma renote | oca- 19 JUN 1998 . |
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Claims ’

1. Ophthalmologic apparatus, comprising: illuminating
means for directing light into an eye to be examined
to illuminate a region of interest therein; a lens sys-
tem for viewing said region of interest of the eye to
be examined; an optical magnifier assembly for
magnifying the viewed region of interest; and an
image intensifier for intensifying the image of the
viewed region of interest, characterised in that said
ilfluminating means directs light obliquely into the
eye to be examined.

2. The apparatus according to Claim 1, wherein said
illuminating means directs light into the eye from
opposite sides thereof to intersect in the plane of
the region of interest in the eye.

3. The apparatus according to Claim 1 or Claim 2,
wherein said illuminating means comprises: an
annular light source; and an annular reflector coax-
ial with said annular light source for reflecting the
light into the eye from all sides thereof to intersect in
the plane of the region of interest in the eye.

4. The apparatus according to Claim 3, wherein said
illuminating means comprises means for changing
the axial distance between the annular light source
and the annular reflector to change the plane of
intersection of the light.

5. The apparatus according to Claim 3 or claim 4,
wherein said annular light source comprises an
annular array of point light emitters, and means for
changing the angle of said light emitters with
respect to the axis of said annular array to change
the piane of intersection of the light.

A




tion and/or to be recorded. It will be appreciated timg
.attachnment illustrated in Fig. 9 could al so be appl ifed
illustrated in Fig. 3. Fig. 9 also illustrates anotlpe
illum nation using an external |ight source, in thig
204 leading to a hal ogen | anp 205. The optical systg
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6. The apparatus accerding to any one of Claims 1-5,
wherein said lens system includes a centact lens
engageable with the eye.

7. 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.

8. The apparatus according to any one of Claims 1-7,
wherein said housing includes an attachment for
attaching a laser thereto, and directing means for
directing a laser beam emitted from said laser to
said viewed region of the eye.

9. The apparatus according to any one of Claims 1-8,
wherein said housing includes an eyepiece for eye
viewing the region of interest, and a video camera
for camera viewing the region of interest.

AT
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.Circular array of openings 210, which produces an annu
"beans. These light beams are reflected froma beam spli
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froma plurality of sides, and thereby to intersect at
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OPHTHALMOLOGIC EXAMINATION AND/OR TREATMENT APPARATUS

ABSTRACT

The ophthalmologic apparatus comprises
illuminating means (6) for directing light into an eye
to be examined to illuminate an area of interest

therein; a lens system (20) for viewing

the region of

intérest of the eye to be examined; an optical magnifier
assembly (22) for magnifying the viewed region of
interest; and én image intensifier (26) for intensifying
thé ‘image of the viewed .region of interest. The
illuminating means (6) directs light into the eye from
cppoéite sides thereof to intersect in the plane of the

region of interest in the eye.

Fig.l



- I1 - described above with respect to the enbodi ments of Figs. 1, 2 and
3-8. In all other respects, the apparatus illustrateddn-Fg ey
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9 i's simlar to that described above particularly with respect to Figs. 1
and 2. - 12 - Cains
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1. ‘Opht hal nol ogi ¢ apparatus, conprising: illuninating nmeans for directing
Jight into an eye to be examned to illumnate a region of interest

therein; a lens sys- temfor view ng said region of i .M...,_m T to
be exanined; an optical nagnifier assenmbly for magni flyitig-AH&EHT SR gi on
of interest; and an inmage intensifier for intensifyingithe inage of {he
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characterised in that said illumnating nmeans

vi ened region of interest,
.directs light obliquely |nto the eye to be exam ned. 2. The apparatus
according to Claim1l, wherein said illumnating nmeans d| $§§$ML1 o™=
the eye from opposite sides thereof to intersect in the|plangdvaf™ ‘hé%1§g'0”
of interest in the eye. ! §
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3. The apparatus according to daiml or daim2, wherein said illumnating
means conprises: an annul ar light source; and an annul ar refl ector coax-

ial with said annular |ight source for reflecting the light into the eye
fromall sides thereof to intersect in the plane of”'"‘g A2gL0H QI TN er est
in the eye. 4. The apparatus according to Caim 3, N IMBRE T d’f“
1
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i 1lum nating nmeans conprises nmeans for changing the axial distance between
the annul ar |ight source and the annular reflector to change the plane of

intersection of the light. 5. The apparatus according to Claim3 or claim
4, wherein said annular |ight source conprises an annul-ar—afFay—ef—poihn
light enmitters, and neans for | REPLACEMENT SHEET
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The present invention relates to ophthalmologic
apparatus particularly useful for eye examination and/or for
treatment of various eye disorders.

Studies show that some of the leading causes of

'blindness are accompanied by pathologic development of the

' vascular net in the retina. One of these pathologies is a
vascular net in the chorio-retinal complex. This net is
supplied by only a few feeding vessels. Generally speaking,
the presently—availablé ophthalmologic apparatus is capabie
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 det&iled_exémination of the capillary blood vessels
in the pathologic vascular net nor accurate location of the
few vessels feeding the pathologic vascular net. These

limitations limit the usefulness of the known apparatus for
eye examination and/or treatment.

- An object of the present invention is to provide
ophthalmologic apparatus having advantages in the above
respects, particularly in enabling an accurate examination
andlor treatment of the vascular net at the capillary
(retinal and’ choroidal) level.

According to the present 1nvention, there is
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
of interest; and an image intensifier for intensifying the
image of the viewed region of interest.

Such an appatatus is useful when a fluorescent
material is injected into the patient to enable viewing the
blood flow in the eye. The provision of the -image
intensifier (which may be a known light amplifier) minimizes
the intensity of the light required for illumination,
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6. The apparatus according to any one d ai lyﬁglel ] | ens
syst.em i ncl udes a cont dCiylsensizengageEEbl ¢ MAtﬂﬁihéh (rh*ﬁTfﬁh
according to any one of

= pparatus
d ai gerils®D Wher ein the apparat0§ I ncl bdes an
endoscope adapted to pe

retTate tThHe eye for viewing f0gARGFM [ epion
t her eof .
- 2 -
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thereby producing less light toxicity and 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
minimizing leakage of the material to surrounding tissue and
background noise, thereby producing better resolution
Apparatus constructed in accordance with the
foregoing features enables the apparatus to view under
magnification blood vessels at the capillary level and
thereby to assess the condition of the eye, as well as other

health conditions of the subject which may be indicated by
the condition of the eye. The'apparatus may also be used

for treatment of the eye, at the capillary level, by means
of a laser beam.

Fig. 1 is a side elevational view, partly in
section, illustrating one form of non—inwasive

ophthalmologic examination apparatus constructed in
accordance wihh the present invention;

Fig. 2 is an enlarged view of a portion of T
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 diagrammatically illustrates the manner of
using the ‘invasive-type of apparatus of Fig. 3 for
examination and/or treatment of an eye disorder;.

' Fig. 5 is a perspective view illustrating an
annular illum;natof used in the apparatus of Fig. 4 for

illuminating the interior of the eye being examined or
treated; -

Fig. 6 is a side elevational view illustrating the
annular illuminator of Fig. 5;
Fig. 7 is an enlarged fragmentary view:

illustrating the mounting of one of the light sources in the
annular illumnator of Figs. 5 and 6;
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8. The apparatus according to any one of O aj

ne 1-7, hp@fﬂ“@&kd usung
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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;

| aser to
9. The apparatus accordimng to any one of da

=

and Fig. 9 is a fragmontary.view illustrating the
. apparatus including an dttachment to a video camera for also

recording or remotely viewing the interior of the eye.

The apparatus illustrated in Figs. 1 and 2 is a
non-invasive type of apparatus for examining the eye with
respect to various types of eye disorders, and also for
treating the eye if necessary by means of a laser beam.

' apparatﬁs-inciudes a housing, generally designated 2,
‘comprising a main section 2a, a front section 2b, and two
rear sections 2¢ and 2d. The housing 2 is mounted to any

suitable support by a bracket 4 integrally formed with the
front housing section 2b. . '

The

‘The front housing section 2b includes an annular
light source 6 coaxial with 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
annular light source 6 is in.the form of a circular array of
point light emitters, or LEDs (light emitting diodes),
pfojecting light‘beoms forwardly 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
opening 9 in the front end of the housing covered by a
contact lens 10- 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 Ba (Fig. 2) on its forward side and a second annular
reflector surface 8b on its rear side for reflecting the
light through the housing opening 9 obliquely to the optical
axls OA and to the eye E being examined via the contact lens
10.

It will thus be seen that in the arrangement
111ustrated 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 obligque angle
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and a video canera f
-l nterest.

of the light entering the eye is selected so that the light
from a plurality of sources intersects in the plane of the
region of interest in the eye; to ﬁhereby provide intense
illumination of that region of interest. To permit
preselectfné 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
16 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'

passes th:oqgh the contact lens 10, through a lens system 20
also carried by the f:oht housing section 2b, and then
through the main.housing section 2a and. the two rear housing
sections 2c, Zd‘_'Thé mainh housing section 2a includes a

'mggnifier assembly, generally designated 22, in the form of

a rotatable turret which may be rotated in order to select a

desired magnification. The main housing section 2a further

includes a beam-folding prism 24 for reducing the total
length of the housing'in.order to focus the light emitted
frdm the eye E at the rear end of the housing, i.e., at the
end of the rear housing section 24.

Housing section 2c¢ houses an image intensifier 26

which intensifies the image of the eye. The rearmost

housing section 2d houses a lens system 28 for focuésing the
light, and also a coupling collar 30 at the end of the

housing section for attaching an eyepiece 32 to enable eye

viewing the image. Coupling 30 may also be used for

attaching thereto a video camera (as'shown in ¥Fig. 9), e.qg.,
a CGDIérray, for displacing the eye image at another
location, and/or for recording it.

The front housing 2b further includes a connector
34 for attaéhing thereto a laser 36 adapted to project a
laser beam into the eye E, e.g., for treating the eye. The
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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
eye E via the contact lens 10. Beam splitter 40 also
transmits therethrough the light reflected from the viewed.
region of the eye entering the housing via contact lens 10
to the opposite end of the hbusihg occupied by éyepiece 32,

Annular lens 8 also serves as a zoom lens to

- enable the size of the viewed region of interests of the eyé°
to be rapidly changed. For this purpose the mirror lens 8
is mounted on a lens collar 42.-  Collar 42 is fixed to a
zoom sleeve 44 (Fig. 2) by a pin 46 and meshes with the hub
of a gear 48 which may be manually rotated driving‘a pinion
S0 meshing with gear 48. Annular lens 8 may thus be moved
in the axial direction, parallel to the optical axis Oa,
wigh respect to its annular light source 6. '

Contact lens 10 is floatingly mounted by a coiled
spring assembly 52 to the front end of the front housing
section 2b sq that it may be brought into direct contact
with the eye E being examined, without applying undue
pressuré to the eye. A pressure control unit 53 {(Fig. 2)
cooperable with spring assembly. 52 provideé accurate
measurement of the pressure éppIied on the eye, and can be

.used for either controlling motor M and/or an indicator (not
shown) to prevent exdessive pressure from being applied to-
the eye,'and/or for providing an indication.if excessi@e
pressure should be applied to the eye.

The distance between the contact 1ens 10 to the
relay system 20 wmay be adjusted by means.of a threaded
fastener 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
Figs. 1 and 2 will bé apparent from the above description.
Thus, the appafatus is positioned to bring the contact lens
10 into direct contact with the subject's eye E, while the
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coiled spring 52 carrying the contact lens, an
sen;oi 53, prevent 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 fasﬁener.SS.'

The interior of the eye is illuminated by the
annular series of light sources 6 projecting the light
through the annular lens 8 within the housing 2 into the eye
E via the contact lens 10. As described earlier, the liglit
entering the eye obliguely from many sides is preset to
intersect in the plane of the region of interest in the eye.
Such an arrangement provides relative inténsé.illumination
at the region.of interest, and at the same time minimizes
interference with the light reflocted 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 the magnifier assemhly 22, the
beam folding prism 24, the image intensifier 26 and the lens
system 28, and may be viewed through the eyepiece 32 (or a
video camera) at the opposite end of the apparatus.
Magnifier assembly turret 22 may'be'rotatéd to select any
desired magnification, e.g., from 20X to about 250X. If the
size of the viewed region of interesﬁ of the eye is .to be.
changed, gear 48 may be manually rotated to move the lens
collar 42 of the annular mirror lens 8 forwardly or
rearwardly with respect 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 38 into the interior of the
housing. Beam'splitter 40 reflects the laser beam along the
optical axis OA into the subject's eye E via 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
transmit 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.
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Fig. 3 illustrates an implementation of. the
invention in another type of ophthalmologic apparatus for
examining and/ér treating an eye disorder. The~appératus
illustrated in Fig. 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 attaching a laser to project a laser
beam to a beam splitter 140 which reflects 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, magnifier assembly 122,
beam folding prism 124, and image intensifier 126 to the
"eyepiece 132 at the opposite end of the apparatus.

However, the apparatus of Fig. 3 does not include
a contact lens, corresponding to contact leﬁs 10 at the
front part of the apparatus for contact with the eye being

examined; rather, it includes an endoscope 150 adapted to

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

Fig. 4, the interior of the eye is illuminated by a separate
illuminator, geﬁerglly 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/
~aspirator port 152, and fiber optics for illumination. In
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 ﬁhe image
quality achieved by the system.

Illuminator 160, far illuminating the eye being
examined and/or treated, is illustrated in Figs. 4-7.

This
illuminator 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

annular lens 162 and oriented such that the lens reflects

the lens from the light sources into the eye.

For this
purpose,

the annular lens 162 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 of the eye along an annular
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 shown particularly in Fig. 4, the light enters
the eye obliquely from a plurality of 'sides and intersects
at the plane of the region of interest in the eye.
described above with respect to the Figs. 1 and 2
embodiment, such an illumination system maximizes the
intensity of illumination of the region of interest and also
minimizes the interference with the light reflected back out
of the eye to enable 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 source 164 is pivotally mounted by a pin
- 171 to a pair of posts 172 formed on a ring 174 extending

around the periphery of the annular 1ens 162, to vary the
angle of the light sources with respect to the optical axis
of the illuminator, and of the eye, in order to change the
plane of the point of intersection of their 1ight beams
within the eye. For this purpose, each light source 164 is
formed with an ear 176 at its upper end adapted to receive ‘a
common adjusting ring 178 of variable diameter, such that
increasing the diameter of adjusting ring 178 pivots all tﬁe
light sources 164 simulﬁaneously in one direction; and
decreasing the diameter of ring 170 pivots the light sources
simultaneously in the cpposite 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,
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

As
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that rotation of the knob in one direction draws the ends
178a, 178b of the adjusting ring ﬁogether to decrease its
diameter, whereas rotating the knob in the opposite
direction moves the two -ends apart to increase the
diameter.

When using the apparatus i;lustratéd in Fig. 3,
the annular illuminator 160 illustrated in Figs. 5-7 is
placed over and in direct contact with the éye. 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 159'(Fig. 3) is then inserted into
the eye in alignment with the region of interest. While the
interior of the eye is illuminated by the annular
illuminator 160, the region of interest may be viewed via
the endoscope 150, relay lens system 120, magnifier assembly
'122, beam-folding prism 124, image intensifier'126,-and the
eyepiece 132 (or video camera if used), in the same manner
as described above with respect to Figs. 1 and 2. The area
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 eye is alsc to be
treated by .2 laser beam, the laser is ehergized and its begm
is directed by beam splitter 140 via the endoscope 150 into
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
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 enable the area of interest of the eye being
inspected also to be viewed from a remote location and/or to

be recorded. It will be appreciated that the video camera
attachment illustrated in Fig. 9 could alsc be applied to
the apparatus illustrated in Fig. 3.

This Sheet Has Been Replaced

AR




" THIS SHERT HAS BEEN VENT SHEET
REPLACED REPLAGEM

20 MAR 1997

<10 - ...ww-—j

fig. 9 also illustrates another method of
illumination using an external light éource, in this case an
optical fiber 204 leading to a halogen lamp 205. The
optical system in this case includes a filter 206 cutting
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 beams. These light beams
are reflected from a beam splitter 210 within the housing
onto the eye being examined so as to enter the eye also
obliquely from a plurality of sides, and thereby to
intersect at the plane of interest within the eye, as

described above with respect to the embodiments of Figs. 1,
2 and 3-8.

In all other respects, the appatatus illustrated

in Fig. 9 is similar to that described above particularly
with respect to Figs. 1 and 2.
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HAT LAIMED

1. 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 said region of interest of the eye to be
examined; an optical magnifier assembly for magnifying the
viewed region of interest;'and an image intensifier for
intensifying the imaée of the viewed region of interest.

2. The apparatus according to Claim 1, wherein
said illuminating means directs light obliquely into the eye
to be examined. .

3. The apparatus according to Claim 2, wherein
said il;uminat;ng means directs light into the eye from

opposite sides thereof to intersect in the plane of the”
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 light into the eye from all sides
thereof - to ‘intersect in the plane of the region of interest
in the eye. '

5. The apparatus accbfdipg to Claim 4, wherein

said illuminating means compfises means for changing the
axial distance between the annular light source and the

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

' 6. The apparetus acco:ding to Claim 4, wherein
said annular light source cohprises an annular array of
point light emitters, and means for changing- the angle of:
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.

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 fegion thereof.
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9. The apparatus according to any one of Claims
1-8, wherein said housing includes an attachment for
attachi@g a laser thereto, and directing means for directing

a laser beam emitted frpm said laser to said viewed region
of the eye.

10. The apparatus according to any one of Claims
1-9, wherein said-housing includes an eyepiece .for eye
viewing the region of interest, and a video camera. for
camera viewing the region of interest.

Ay
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